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IMMUNOGENIC MYCOPLASMA HYOPNEUMONIAE
POLYPEPTIDES

BACKGROUND
1. Technical Field
The invention relates to methods and materials involved in protecting an animal

against enzootic pneumonia.

2. Background Information

Enzootic pneumonia in swine, also called mycoplasmal pneumonia, is caused by
Mpycoplasma hyopneumoniae. The disease is chronic and non-fatal, affecting pigs of all
ages. Although infected pigs show only mild symptoms of coughs and fever, the disease
has significant economic impact due to reduced feed efficiency and reduced weight gain.
Enzootic pneumonia is transmitted by airborne organisms expelled from the lungs of
infected pigs. The primary infection by M. hyopneumoniae may be followed by a
secondary infection of other Mycoplasma species, e.g., Mycoplasma hyorhinis and
Mycoplasma flocculare, as well as other bacterial pathogens.

M. hyopneumoniae infects the respiratory tracts of pigs, colonizing the tracheae,
bronchi, and bronchioles. The pathogen produces a ciliostatic factor that causes the cilia
lining the respiratory passages to stop beating. Eventually, the cilia degenerate, leaving
pigs prone to infection by secondary pathogens. Characteristic lesions of purple to gray
areas of consolidation are observed in infected pigs. Surveys of slaughtered pigs revealed
lesions in 30 % to 80 %. Results from 37 herds in 13 states indicated that 99 % of the
herds had pigs with pneumonia lesions typical of enzootic pneumonia. Therefore, there is
aneed for effective preventative and treatment measures.

Mycoplasmas vary their surface structure by a complex series of genetic events to
present a structural mosaic to the host immune system. Phase switching of surface
molecules occurs through a variety of mechanisms such as changes in the number of
repetitive units during DNA replication, genomic inversions, transposition events, and/or

gene conversion. See, for example, Zhang and Wise, 1997, Mol. Microbiol., 25:859-69;
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Theiss and Wise, 1997, J. Bacteriol., 179:4013-22; Sachse et al., 2000, Infect. Immun.,
68:680-7; Dybvig and Uy, 1994, Mol. Microbiol., 12:547-60; and Lysnyansky et al.,
1996, J. Bacteriol., 178:5395-5401. All of the identified phase variable and phase

switching genes in mycoplasmas that code for surface proteins are lipoproteins.

SUMMARY

The invention provides materials and methods for protecting an animal from
enzootic pneumonia. The invention is based on the discovery of Mycoplasma
hyopneumoniae nucleic acids that encode cell surface polypeptides that can be used for
inducing a protective immune response in an animal susceptible to pneumonia. More
specifically, the invention provides purified immunogenic polypeptides of these
polypeptides for used to as antigens for illiciting an immune response in an animal, e.g. a
pig. In addition, the invention also provides isolated nucleic acids encoding these
immunogenic polypeptides for use in generating an immune response in an animal.
Purified polypeptides and isolated nucleic acids of the invention can be combined with
pharmaceutically acceptable carriers for introducing into an animal. The invention also
provides materials and methods for determining whether an animal has an antibody
reactive to the polypeptides of the invention.

In one aspect, the invention provides a purified immunogenic polypeptide, the
amino acid sequence of which comprises at least eight consecutive residues of a sequence
selected from the group consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.
Specifically, the invention provides an immunogenic polypeptide of the invention, the
amino acid sequence of which comprises at least eight consecutive residues of SEQ ID
NO: 2; an immunogenic polypeptide of the invention, the amino acid sequence of which
comprises at least eight consecutive residues of SEQ ID NO:4; an immunogenic
polypeptide of the invention, the amino acid sequence of which comprises at least eight
consecutive residues of SEQ ID NO:6; an immunogenic polypeptide of the invention, the
amino acid sequence of which comprises at least eight consecutive residues of SEQ ID
NO:8; an immunogenic polypeptide of the invention, the amino acid sequence of which
comprises at least eight consecutive residues of SEQ ID NO:10; an immunogenic

polypeptide of the invention, the amino acid sequence of which comprises at least eight
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consecutive residues of SEQ ID NO:12; an immunogenic polypeptide of the invention,
the amino acid sequence of which comprises at least eight consecutive residues of SEQ
ID NO:14; an immunogenic polypeptide of the invention, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:16; an immunogenic
polypeptide of the invention, the amino acid sequence of which comprises at least eight
consecutive residues of SEQ ID NO:18; an immunogenic polypeptide of the invention,
the amino acid sequence of which comprises at least eight consecutive residues of SEQ
ID NO: 20.

In another aspect, the invention provides mutants of the above-described
immunogenic polypeptides, wherein such mutant polypeptides retain immunogenicity.

Generally, immunogenic polypeptides and immunogenic mutant polypeptides of
the invention include at least 8 consecutive residues (e.g., at least 10, 12, 15, 20, or 25) of
SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, or 20.

In another aspect, the invention provides a composition that includes one or more
of the above-described immunogenic polypeptides or immunogenic mutant polypeptides.

In one aspect, the invention provides a method of eliciting an immune response in
an animal. Such a method includes introducing a composition comprising the above-
described immunogenic polypeptides or immunogenic mutant polypeptides into the
animal. Such a composition can be administered orally, intranasally, intraperitoneally,
intramuscularly, subcutaneously, or intravenously. A representative animal into which
the compositions of the invention can be introduced is a swine.

In another aspect, the invention provides an isolated nucleic acid comprising a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of a sequence such as SEQ ID
NOs: 2,4, 6, 8,10, 12, 14, 16, 18, or 20. The invention also features mutants of nucleic
acids that encode an immunogenic polypeptide. Representative nucleic acids encoding
such immunogenic polypeptides have a nucleotide sequence as shown in SEQ ID NOs: 1,
3,5,7,9,11, 13, 15, 17, and 19, respectively.

Specifically, the invention provides a nucleic acid having a nucleotide sequence

encoding an immunogenic polypeptide, the amino acid sequence of which comprises at



10

15

20

25

30

WO 2004/003161 PCT/US2003/020460

least eight consecutive residues of SEQ ID NO:2. A representative nucleic acid encoding
such a polypeptide has the nucleotide sequence of SEQ ID NO:1.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:4. A representative nucleic acid encoding
such a polypeptide has the nucleotide sequence of SEQ ID NO:3.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:6. A representative nucleic acid encoding
such a polypeptide has the nucleotide sequence of SEQ ID NO:5.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:8. A representative nucleic acid encoding
such a polypeptide has the nucleotide sequence of SEQ ID NO:7.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:10. A representative nucleic acid
encoding such a polypeptide has the nucleotide sequence of SEQ ID NO:9.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:12. A representative nucleic acid
encoding such a polypeptide has the nucleotide sequence of SEQ ID NO:11.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:14. A representative nucleic acid
encoding such a polypeptide has the nucleotide sequence of SEQ ID NO:13.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:16. A representative nucleic acid

encoding such a polypeptide has the nucleotide sequence of SEQ ID NO:15.
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Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:18. A representative nucleic acid
encoding such a polypeptide has the nucleotide sequence of SEQ ID NO:17.

Specifically, the invention provides a nucleic acid having a nucleotide sequence
encoding an immunogenic polypeptide, the amino acid sequence of which comprises at
least eight consecutive residues of SEQ ID NO:20. A representative nucleic acid
encoding such a polypeptide has the nucleotide sequence of SEQ ID NO:19.

The invention also provides a vector containing a nucleic acid of the invention. A
vector can further include an expression control sequence operably linked to the nucleic
acid. The invention additionally provides host cells comprising such vectors. The
invention further provides a composition that includes such vectors and a
pharmaceutically acceptable carrier.

In yet another aspect, the invention provides a method of eliciting an immune
response in an animal. Such a method includes introducing a composition of the
invention into the animal. Such compositions can be administered orally, intranasally,
intraperitoneally, intramuscularly, subcutaneously, or intravenously. Generally, the
animal is a swine.

In still yet another aspect, the invention provides a method of determining whether
or not an animal has an antibody reactive to an immunogenic polypeptide of the
invention, the method comprising: providing a test sample from the animal; contacting
the test sample with the immunogenic polypeptide under conditions permissible for
specific binding of the immunogenic polypeptide with the antibody; and detecting the
presence or absence of the specific binding. Typically, the presence of specific binding
indicates that the animal has the antibody, and the absence of specific binding indicates
that the animal does not have the antibody.

Generally, an appropriate test sample is a biological fluid such as blood, nasal
fluid, throat fluid, or lung fluid. In some embodiments, the immunogenic polypeptide is
attached to a solid support such as a microtiter plate, or polystyrene beads. In some

embodiments, the immunogenic polypeptide is labeled. By way of example, the detecting
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step can be by radioimmunoassay (RIA), enzyme immunoassay (EIA), or enzyme-linked
immunosorbent assay (ELISA).

In another aspect, the invention provides a diagnostic kit for detecting the
presence of an antibody in a test sample, wherein such an antibody is reactive to an
immunogenic polypeptide of the invention. Such a kit can include one or more of the
immunogenic polypeptides of the invention.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable
methods and materials are described below. All publications, patent applications, patents,
and other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only and not intended to be limiting.

Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is the nucleic acid sequence encoding C2-mhp210 (SEQ ID NO:1), a P102
paralog from M. hyopneumoniae strain 232.

FIG. 2 is the polypeptide sequence of C2-MHP210 (SEQ ID NO:2) from M.
hyopneumoniae strain 232.

FIG. 3 is the nucleic acid sequence encoding C2-mhp211 (SEQ ID NO:3) from M.
hyopneumoniae strain 232.

FIG. 4 is the polypeptide sequence of C2-MHP211 (SEQ ID NO:4) from M.
hyopneumoniae strain 232.

FIG. 5 is the nucleic acid sequence encoding C27-mhp348 (SEQ ID NO:5), a
P102 paralog from M. hyopneumoniae strain 232.

FIG. 6 is the polypeptide sequence of C27-MHP348 (SEQ ID NO:6) from M.

hyopneumoniae strain 232.
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FIG. 7 1s the nucleic acid sequence encoding C28-mhp545 (SEQ ID NO:7) from
M. hyopneumoniae strain 232.

FIG. 8 is the polypeptide sequence of C28-MHP545 (SEQ ID NO:8) from M.
hyopneumoniae strain 232.

FIG. 9 is the nucleic acid sequence encoding C28-mhp662 (SEQ ID NO:9) from
M. hyopneumoniae strain 232.

FIG. 10 is the polypeptide sequence of C28-MHP662 (SEQ ID NO:10) from M.
hyopneumoniae strain 232.

FIG. 11 is the nucleic acid sequence encoding C28-mhp663 (SEQ ID NO:11), a
P102 paralog from M. hyopneumoniae strain 232.

FIG. 12 is the polypeptide sequence of C28-MHP663 (SEQ ID NO:12) from M.
hyopneumoniae strain 232.

FIG. 13 1s the nucleic acid sequence encoding C2-mhp036 (SEQ ID NO: 13), a
P102 paralog from M. hyopneumoniae strain 232.

FIG. 14 is the polypeptide sequence of C2-MPHO036 (SEQ ID NO:14) from M.
hyopneumoniae strain 232.

FIG. 15 is the nucleic acid sequence encoding C2-mhp033 (SEQ ID NO: 15), a
partial paralog of P102 from M. hyopneumoniae strain 232.

FIG. 16 is the polypeptide sequence of C2-MHP033 (SEQ ID NO:16) from M.
hyopneumoniae strain 232.

FIG. 17 1s the nucleic acid sequence encoding C2-mhp034 (SEQ ID NO: 17), a
partial paralog of P102 from M. hyopneumoniae strain 232.

FIG. 18 is the polypeptide sequence of C2-MHP034 (SEQ ID NO:18) from M.
hyopneumoniae strain 232.

FIG. 19 is the nucleic acid sequence encoding C28-mhp545 (SEQ ID NO:19)
from M. hyopneumoniae strain J.

FIG. 20 is the polypeptide sequence of C28-MHP545 (SEQ ID NO:20) from M.
hyopneumoniae strain J.

FIG. 21 is the structure of P102 paralogs and their organization in the

chromosome.
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FIG. 22 shows a map and hydrophilicity plot of P216. The upper panel depicts a
schematic diagram of the P216 protein sequence. Asterisks indicate locations of peptides
used to clone the gene (left, amino acids 94-105) and used to make antisera specific for
P130 (right, amino acids 1654-1668). The arrow indicates the position of the major
cleavage event. The gray box indicates the position of the 30-kDa fragment cloned and
expressed (amino acids 1043-1226). The inverted filled triangles are locations of
tryptophan residues encoded by TGA codons. The hatched boxes are the location of the
coiled coil domains. The white box indicates the location of the BNBD (amino acids
1012-1029). The black box represents the transmembrane domain (amino acids 7-30).

The lower panel represents the hydrophilicity plot.

DETAILED DESCRIPTION
The following abbreviations are used in this application: aa, amino acid(s); Ab,
antibody(ies); bp, base pair(s); CHEF, clamped homogenous electric field; H.,
Haemophilus; kb, kilobase(s) or 1000 bp; Kn, kanamycin; LB, Luria-Bertoni media; M.,
Mycoplasma; mAb, monoclonal Ab; ORF, open reading frame; PCR, polymerase chain
reaction; R resistant/resistance; Tn, transposon(s); ::, novel junction (fusion or insertion).

One letter and three letter code designations for amino acids are given in Table 1.

TABLE 1
Amino Acid Code Designations

Three One Three One

letter Letter Letter letter
Amino Acid code code Amino Acid code code
Alanine Ala A Leucine Leu L
Arginine Arg R Lysine Lys K
Asparagine Asn N Methionine Met M
Aspartic Acid Asp D Phenylalanine  Phe F
Cysteine Cys C Proline Pro P
Glutamic Acid Glu E Serine Ser S
Glutamine Gln Q Threonine Thr T
Glycine Gly G Tryptophan Trp W
Histidine His H Tyrosine Tyr Y
Isoleucine Ile I Valine Val \'%
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M. hyopneumoniae polypeptides and nucleic acids

As used herein, the term "polypeptide” refers to a polymer of three or more amino
acids covalently linked by amide bonds. A polypeptide may or may not be post-
translationally modified. As used herein, the term “purified polypeptide” refers to a
polypeptide preparation that is substantially free of cellular material or other
contaminating polypeptides from the cell or tissue source from which the polypeptide is
derived, or substantially free of chemical precursors or other chemicals when chemically
synthesized. For example, a polypeptide preparation is substantially free of cellular
material when the polypeptide is separated from components of the cell from which the
polypeptide is obtained or recombinantly produced. Thus, a polypeptide preparation that
1s substantially free of cellular material includes, for example, a preparation having less
than about 30 %, 20 %, 10 %, or 5 % (dry weight) of heterologous polypeptides (also
referred to herein as a “contaminating polypeptides™). When a polypeptide is
recombinantly produced, the polypeptide is also preferably substantially free of culture
medium, i.e., culture medium represents less than about 20 %, 10 %, 5 % of the volume
of the polypeptide preparation. When a polypeptide is produced by chemical synthesis, it
is preferably substantially free of chemical precursors or other chemicals, i.e., it is
separated from chemical precursors or other chemicals that are involved in the synthesis
of the polypeptide. Accordingly, such polypeptide preparations have less than about 30
%, 20 %, 10 %, 5 % (by dry weight) of chemical precursors or compounds other than the
polypeptide of interest.

As used herein, the term "mutant" refers to a polypeptide, or a nucleic acid
encoding a polypeptide, that has one or more conservative amino acid variations or other
minor modifications such that (1) the corresponding polypeptide has substantially
equivalent function when compared to the wild type polypeptide or (2) an antibody raised
against the polypeptide is immunoreactive with the wild-type polypeptide.

The term “conservative variation” denotes the replacement of an amino acid
residue by another biologically similar residue, or the replacement of a nucleotide in a
nucleic acid sequence such that the encoded amino acid residue does not change or is
another biologically similar residue. Examples of conservative variations include the

substitution of one hydrophobic residue such as isoleucine, valine, leucine or methionine
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for another hydrophobic residue, or the substitution of one polar residue for another polar
residue, such as the substitution of arginine for lysine, glutamic for aspartic acid, or
glutamine for asparagine, and the like. The term "conservative variation" also includes
the use of a substituted amino acid in place of an unsubstituted parent amino acid
provided that antibodies raised to the substituted polypeptide also immunoreact with the
unsubstituted polypeptide.

Any M. hyopneumoniae strain may be used as a starting material to produce the
polypeptides and nucleic acids of the present invention. Suitable strains of M.
hyopneumoniae may be obtained from a variety of sources, including depositories such as
the American Type Culture Collection (ATCC) (Manassas, Va.) and the NRRL Culture
Collection (Agricultural Research Service, U.S. Department of Agriculture, Peoria, I11.).
M. hyopneumoniae strains may also be obtained from lung secretions or tissues from sick
animals followed by inoculating suitable culture media.

An immunogenic polypeptide of the present invention can have an amino acid
sequence shown in FIG. 2, 4, 6, 8, 10, 12, 14, 16, 18, or 20. Alternatively, an
immunogenic polypeptide of the present invention can be a fragment of a polypeptide that
has an amino acid sequence shown in FIG. 2, 4, 6, 8, 10, 12, 14, 16, 18, or 20. An
immunogenic polypeptide of the invention can be six or more, or preferably eight or
more, amino acids in length, but less than the full-length number of amino acids. For
example, an immunogenic polypeptide can be 10, 12, 15, 20, 25, 30, or greater than 30
amino acids in length. A polypeptide of the present invention also can be a mutant of a
polypeptide having an amino acid sequence shown in FIG. 2, 4, 6, 8, 10, 12, 14, 16, 18, or
20. Mutations at either the amino acid or nucleic acid level may be useful in improving
the yield of the polypeptides, their immunogenicity or antigenicity, or their compatibility
with various expression systems, adjuvants and modes of administration. Synthetic or
recombinant fragments of wild type or mutated polypeptides are characterized by one or
more of the antigenic sites of native M. hyopneumoniae polypeptides, the sequences of
which are illustrated in FIG. 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.

The polypeptides of the present invention may be obtained from M.
hyopneumoniae cells or may be produced in host cells transformed by nucleic acids that

encode these polypeptides. Recombinant polypeptides produced from transformed host
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cells may include residues that are not related to M. hyopneumoniae. For example, a
recombinant polypeptide may be a fusion polypeptide containing an amino acid portion
derived from an expression vector, or other source, in addition to the portion derived from
M. hyopneumoniae. A recombinant polypeptide may also include a starting methionine.
Recombinant polypeptides of the invention display the antigenicity of native M.
hyopneumoniae polypeptides the sequences of which are illustrated in FIG. 2, 4, 6, 8, 10,
12, 14, 16, 18, and 20.

Nucleic acid sequences encoding full-length polypeptides of the present invention
are shownin FIG. 1, 3,5,7,9, 11, 13, 15, 17, and 19. The present invention encompasses
nucleic acid sequences, as well as fragments or mutants of these, that encode
immunogenic polypeptides, i.e., capable of eliciting antibodies or other immune
responses (e.g., T-cell responses of the immune system) that recognize epitopes of the
polypeptides having sequences illustrated in FIG. 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.
Hence, nucleic acid sequences of the present invention may encode polypeptides that are
full-length polypeptides, polypeptide fragments, and mutant or fusion polypeptides.

The term “nucleic acid” as used herein encompasses RNA and DNA, including
cDNA, genomic DNA, and synthetic (e.g., chemically synthesized) DNA. The nucleic
acid can be double-stranded or single-stranded. Where single-stranded, the nucleic acid
can be the sense strand or the antisense strand. In addition, nucleic acid can be circular or
linear.

The term “isolated” as used herein with reference to nucleic acid refers to a
naturally-occurring nucleic acid that is not immediately contiguous with both of the
sequences with which it is immediately contiguous (one on the 5’ end and one on the 3’
end) in the naturally-occurring genome of the organism from which it is derived. For
example, an isolated nucleic acid can be, without limitation, a recombinant DNA
molecule of any length, provided one of the nucleic acid sequences normally found
immediately flanking that recombinant DNA molecule in a naturally-occurring genome is
removed or absent. Thus, an isolated nucleic acid includes, without limitation, a
recombinant DNA that exists as a separate molecule (e.g., a cDNA or a genomic DNA
fragment produced by PCR or restriction endonuclease treatment) independent of other

sequences as well as recombinant DNA that is incorporated into a vector, an
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autonomously replicating plasmid, a virus (e.g., a retrovirus, adenovirus, or herpes virus),
or into the genomic DNA of a prokaryote or eukaryote. In addition, an isolated nucleic
acid can include a recombinant DNA molecule that is part of a hybrid or fusion nucleic
acid sequence.

The term “isolated” as used herein with reference to nucleic acid also includes any
non-naturally-occurring nucleic acid since non-naturally-occurring nucleic acid sequences
are not found in nature and do not have immediately contiguous sequences in a naturally
occurring genome. For example, non-naturally-occurring nucleic acid such as an
engineered nucleic acid is considered to be isolated nucleic acid. Engineered nucleic acid
can be made using common molecular cloning or chemical nucleic acid synthesis
techniques. Isolated non-naturally-occurring nucleic acid can be independent of other
sequences, or incorporated into a vector, an autonomously replicating plasmid, a virus
(e.g., aretrovirus, adenovirus, or herpes virus), or the genomic DNA of a prokaryote or
eukaryote. In addition, a non-naturally-occurring nucleic acid can include a nucleic acid
molecule that is part of a hybrid or fusion nucleic acid sequence.

It will be apparent to those of skill in the art that a nucleic acid existing among
hundreds to millions of other nucleic acid molecules within, for example, cDNA or
genomic libraries, or gel slices containing a genomic DNA restriction digest is not to be
considered an isolated nucleic acid.

The term “exogenous” as used herein with reference to nucleic acid and a
particular cell refers to any nucleic acid that does not originate from that particular cell as
found in nature. Thus, non-naturally-occurring nucleic acid is considered to be
exogenous to a cell once introduced into the cell. It is important to note that non-
naturally-occurring nucleic acid can contain nucleic acid sequences or fragments of
nucleic acid sequences that are found in nature provided the nucleic acid as a whole does
not exist in nature. For example, a nucleic acid molecule containing a genomic DNA
sequence within an expression vector is non-naturally-occurring nucleic acid, and thus is
exogenous to a cell once introduced into the cell, since that nucleic acid molecule as a
whole (genomic DNA plus vector DNA) does not exist in nature. Thus, any vector,
autonomously replicating plasmid, or virus (e.g., retrovirus, adenovirus, or herpes virus)

that as a whole does not exist in nature is considered to be non-naturally-occurring
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nucleic acid. It follows that genomic DNA fragments produced by PCR or restriction
endonuclease treatment as well as cDNAs are considered to be non-naturally-occurring
nucleic acid since they exist as separate molecules not found in nature. It also follows
that any nucleic acid containing a promoter sequence and polypeptide-encoding sequence
(e.g., cDNA or genomic DNA) in an arrangement not found in nature is non-naturally-
occurring nucleic acid.

Nucleic acid that is naturally occurring can be exogenous to a particular cell. For
example, an entire chromosome isolated from a cell of person X is an exogenous nucleic
acid with respect to a cell of person Y once that chromosome is introduced into Y’s cell.

Recombinant nucleic acid molecules that are useful in preparing the
aforementioned polypeptides are also provided. Preferred recombinant nucleic acid
molecules include, without limitation, (1) those having nucleic acid sequences illustrated
inFIG. 1, 3,5,7,9, 11, 13, 15, 17, and 19; (2) cloning or expression vectors containing
sequences encoding recombinant polypeptides of the present invention; (3) nucleic acid
sequences that hybridize to those sequences that encode M. Ayopneumoniae polypeptides
of the invention; (4) degenerate nucleic acid sequences that encode polypeptides of the
invention.

Nucleic acids of the invention may be inserted into any of a wide variety of
expression vectors by a variety of procedures, generally through use of an appropriate
restriction endonuclease site. Suitable vectors include, for example, vectors consisting of
segments of chromosomal, non-chromosomal and synthetic nucleic acid sequences, such
as various known derivatives of SV40; known bacterial plasmids, e.g., plasmids from E.
coli including col E1, pCR1, pBR322, pMB9 and their derivatives; wider host range
plasmids, e.g., RP4; phage DNAs, e.g., the numerous derivatives of phage A, e.g., NM
989, and other DNA phages such as M13 or filamentous single stranded DNA phages;
yeast plasmids such as the 2 plasmid or derivatives thereof; viral DNA such as
baculovirus, vaccinia, adenovirus, fowl pox virus, or pseudorabies; and vectors derived
from combinations of plasmids and phage DNAs, such as plasmids which have been
modified to employ phage DNA or other expression control sequences.

Within each specific cloning or expression vector, various sites may be selected

for insertion of the nucleic acids of this invention. These sites are usually designated by
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the restriction endonuclease that cuts them, and there are various known methods for
inserting nucleic acids into these sites to form recombinant molecules. These methods
include, for example, dG-dC or dA-dT tailing, direct ligation, synthetic linkers,
exonuclease and polymerase-linked repair reactions followed by ligation, or extension of
the nucleic acid strand with DNA polymerase and an appropriate single-stranded template
followed by ligation. It is to be understood that a cloning or expression vector useful in
this invention need not have a restriction endonuclease site for insertion of the chosen
nucleic acid fragment, and that insertion may occur by alternative means.

For expression of the nucleic acids of this invention, these nucleic acid sequences
are operatively linked to one or more expression control sequences in the expression
vector. Such operative linking, which may be effected before or after the chosen nucleic
acid is inserted into a cloning vehicle, enables the expression control sequences to control
and promote the expression of the inserted nucleic acid.

Any of a wide variety of expression control sequences--sequences that control the
expression of a nucleic acid when operatively linked to it--may be used in these vectors to
express the nucleic acid sequences of this invention. Such useful expression control
sequences include, for example, the early and late promoters of SV40, the lac or trp
systems, the TAC or TRC system, the major operator and promoter regions of A, the
control regions of fd coat protein, the promoter for 3-phosphoglycerate kinase or other
glycolytic enzymes, the promoters of acid phosphatase, e.g., Pho5, the promoters of the
yeast a.-mating factors, and other sequences known to control the expression of genes in
prokaryotic or eukaryotic cells or their viruses, and various combinations thereof. The
expression vector also includes a non-coding sequence for a ribosome-binding site for
translation initiation and a transcription terminator. The vector may also include
appropriate sequences for amplifying expression. In mammalian cells, it is additionally
possible to amplify the expression units by linking the gene to that coding for
dehydrofolate reductase and applying a selection to host Chinese hamster ovary cells.

The vector or expression vehicle, and in particular, the sites chosen therein for
insertion of the selected nucleic acid fragment, and the expression control sequence
employed in this invention are determined by a variety of factors, e.g., number of sites

susceptible to a particular restriction enzyme, size of the polypeptide to be expressed,
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expression characteristics such as the location of start and stop codons relative to the
vector sequences, and other factors recognized by those of skill in the art. The choice of a
vector, expression control sequence, and/or insertion site are determined by a balance of
these factors, as not all selections are equally effective for a given case.

The recombinant nucleic acid molecule containing the desired coding sequence
operatively linked to an expression control sequence may then be employed to transform
a wide variety of appropriate hosts so as to permit such hosts (transformants) to express
the coding sequence, or fragment thereof, and to produce the polypeptide, or portion
thereof, for which the hybrid nucleic acid encodes. The recombinant nucleic acid
molecule may also be employed to transform a host so as to permit that host on
replication to produced additional recombinant nucleic acid molecules as a source of M.
hyopneumoniae coding sequences and fragments thereof.

A wide variety of hosts are also useful in producing polypeptides and nucleic
acids of this invention. These hosts include, for example, bacteria such as E. coli,
Bacillus and Streptomyces, fungi such as yeasts, and animal or plant cells in tissue
culture. The selection of an appropriate host for these uses is controlled by a number of
factors. These include, for example, compatibility with the chosen vector, toxicity of the
co-products, ease of recovery of the desired polypeptide, expression characteristics,
biosafety and costs. No absolute choice of host may be made for a particular recombinant
nucleic acid molecule or polypeptide from any of these factors alone. Instead, a balance
of these factors is applied with the realization that not all hosts may be equally effective
for expression of a particular recombinant nucleic acid molecule.

It is also understood that the nucleic acid sequences that are inserted at the
selected site of a cloning or expression vector may include nucleotides that are not part of
the actual coding sequence for the desired polypeptide or may include only a fragment of
the entire coding sequence for that polypeptide. It is only required that whatever DNA
sequence is employed, the transformed host produces a polypeptide having the
antigenicity of native M. hyopneumoniae polypeptides.

For example, in an expression vector of this invention, a nucleic acid of this
invention may be fused in the same reading frame to a portion of a nucleic acid sequence

coding for at least one eukaryotic or prokaryotic carrier polypeptide or a nucleic acid
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sequence coding for at least one eukaryotic or prokaryotic signal sequence, or
combinations thereof. Such constructions may aid in expression of the desired nucleic
acid sequence or improve purification, permit secretion, and preferably maturation of the
desired polypeptide from the host cell. The nucleic acid sequence may alternatively
include an ATG start codon, alone, or together with other codons, fused directly to the
sequence encoding the first amino acid of a desired polypeptide. Such constructions
enable the production of, for example, a methionyl or other peptidyl polypeptide that is
part of this invention. This N-terminal methionine or peptide may then be cleaved
intracellularly or extracellularly by a variety of known processes or the polypeptide used
together with the methionine or other fusion attached to it in the compositions and
methods of this invention.

The appropriate nucleic acid sequence present in the vector when introduced into
a host may express part or only a portion of the polypeptide that is encoded, it being
sufficient that the expressed polypeptide be capable of eliciting an antibody or other
immune response that recognizes an epitope of the amino acid sequence depicted in FIG.
2,4,6,8,10, 12, 14, 16, 18, or 20. For example, in employing E. coli as a host organism,
the UGA codon is a stop codon so that the expressed polypeptide may only be a fragment
of the polypeptide encoded by the vector, and therefore, it is generally preferred that all of
the UGA codons in the appropriate nucleic acid sequence be converted into non-stop
codons. Alternatively, an additional nucleic acid sequence that encodes a t-RNA that
translates the UGA codon into a tryptophan residue can be introduced into the host.

The polypeptide expressed by the host transformed by the vector may be
harvested by methods known to those skilled in the art, and used for protection of a non-
human animal such as swine, cattle, etc. against enzootic pneumonia caused by M.
hyopneumoniae. The polypeptide is used in an amount effective to provide protection
against enzootic pneumonia caused by M. hyopneumoniae and may be used in

combination with a suitable physiologically acceptable carrier as described below.
Detecting M. hyopneumoniae

The polypeptides of the present invention may also be used as antigens for

diagnostic purposes to determine whether a biological test sample contains M.
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hyopneumoniae antigens or antibodies to these antigens. Such assays for M.
hyopneumoniae infection in an animal typically involve incubating an antibody-
containing biological sample from an animal suspected of having such a condition in the
presence of a detectably labeled polypeptide of the present invention, and detecting
binding. The immunogenic polypeptide is generally present in an amount that is
sufficient to produce a detectable level of binding with antibody present in the antibody-
containing sample.

Thus, in this aspect of the invention, the polypeptide may be attached to a solid
phase support, e.g., a microtiter plate, which is capable of immobilizing cells, cell
particles or soluble polypeptides. The support may then be washed with suitable buffers
followed by treatment with the sample from the animal. The solid phase support may
then be washed with the buffer a second time to remove unbound antibody. Labeled
polypeptide is added and the support is washed a third time to remove unbound labeled
polypeptide. The amount of bound label on said solid support may then be detected by
conventional means.

By “solid phase support” is intended any support capable of binding antigen or
antibodies. Well-known supports, or carriers, include glass, polystyrene, polypropylene,
polyethylene, dextran, nylon, amylases, natural and modified celluloses (especially
nitrocellulose), polyacrylamides, agarose, and magnetite. The nature of the carrier can be
either soluble to some extent or insoluble for the purposes of the present invention. The
support material may have virtually any possible structural configuration so long as the
coupled molecule is capable of binding to an antigen or antibody. Thus, the support
configuration may be spherical, as in a bead, or cylindrical, as in the inside surface of a
test tube, or the external surface of arod. Alternatively, the surface may be flat such as
for example, a sheet or test strip. Preferred supports include polystyrene beads.

M. hyopneumoniae specific antibody can be detectably labeled by linking the
same to an enzyme and using it in an enzyme immunoassay (EIA), or enzyme-linked
immunosorbent assay (ELISA). This enzyme, in turn, when later exposed to its substrate,
will react with the substrate in such a manner as to produce a chemical moiety that can be
detected, for example, by spectrophotometric, fluorometric or by visual means. Enzymes

that can be used to detectably label the M. hyopneumoniae specific antibody include, but
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are not limited to, horseradish peroxidase, malate dehydrogenase, staphylococcal
nuclease, delta-V-steroid isomerase, yeast alcohol dehydrogenase, alpha-
glycerophosphate dehydrogenase, triose phosphate isomerase, alkaline phosphatase,
asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urease, catalase, glucose-
6-phosphate dehydrogenase, glucoa/nylase and acetylcholinesterase.

Detection may be accomplished using any of a variety of immunoassays. For
example, by radioactively labeling the recombinant protein, it is possible to detect
antibody binding through a radioimmunoassay (RIA). The radioactive isotope can be
detected by such means as the use of a gamma counter or a scintillation counter or by
autoradiography. Isotopes which are particularly useful for the purpose of the present
invention include 3H, l251, 1311, 3 5S, and 14C, preferably 1251,

It is also possible to label the recombinant polypeptide with a fluorescent
compound. When the fluorescently labeled polypeptide is exposed to light of the proper
wavelength, its presence can then be detected due to fluorescence. Among the most
commonly used fluorescent labeling compounds are fluorescein isothiocyanate,
rhodamine, phycoerytherin, phycocyanin, allophycocyanin, o-phthaldehyde and
fluorescamine. The polypeptide can also be detectably labeled using fluorescence
emitting metals such as 1528y, or others of the lanthanide series. These metals can be
attached to the protein using such metal chelating groups as diethylenetriaminepentaacetic
acid (DTPA) or ethylenediamine-tetraacetic acid (EDTA).

The polypeptide also can be detectably labeled by coupling itto a
chemiluminescent or bioluminescent compound. The presence of the chemiluminescent-
tagged polypeptide is then determined by detecting the presence of luminescence that
arises during the course of a chemical reaction. Bioluminescence is a type of
chemiluminescence found in biological systems in which a catalytic protein increases the
efficiency of the chemiluminescent reaction. Examples of particularly useful
chemiluminescent labeling compounds are luminol, isoluminol, theromatic acridinium
ester, imidazole, acridinium salt and oxalate ester. Important bioluminescent compounds
for purposes of labeling are luciferin, luciferase and aequorin.

Detection of the label may be accomplished by a scintillation counter, for

example, if the detectable label is a radioactive gamma emitter, or by a fluorometer, for
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example, if the label is a fluorescent material. In the case of an enzyme label, the
detection can be accomplished by colorimetric methods that employ a substrate for the
enzyme. Detection may also be accomplished by visual comparison of the extent of
enzymatic reaction of a substrate in comparison with similarly prepared standards.

The detection of foci of detectably labeled antibodies is indicative of a disease or
dysfunctional state and may be used to measure M. hyopneumoniae in a sample. The
absence of such antibodies or other immune response indicates that the animal has been
neither vaccinated nor infected. For the purposes of the present invention, the bacterium
that is detected by this assay may be present in a biological sample. Any sample
containing it can be used, however, one of the benefits of the present diagnostic invention
is that invasive tissue removal may be avoided. Therefore, preferably, the sample is a
biological fluid such as, for example, blood, or nasal, throat or lung fluid, but the
invention is not limited to assays using these samples.

In situ detection may be accomplished by removing a histological specimen from
an animal, and providing the combination of labeled antibodies of the present invention to
such a specimen. The antibody (or fragment) is preferably provided by applying or by
overlaying the labeled antibody (or fragment) to a biological sample. Through the use of
such a procedure, it is possible to determine not only the presence of M. Ayopneumoniae
but also the distribution of it in the examined tissue. Using the present invention, those of
ordinary skill will readily perceive that any of a wide variety of histological methods
(such as staining procedures) can be modified in order to achieve such in situ detection.

Alternatively, a sample (e.g., a fluid or tissue sample) may be tested for the
presence of a coding sequence for a M. hyopneumoniae polypeptide of the invention by
reaction with a recombinant or synthetic nucleic acid sequence contained within the
sequence shown in FIG. 1, 3,5, 7,9, 11, 13, 15, 17, 19, or any RNA sequence equivalent
to this nucleic acid sequence. The absence of the coding sequence indicates that the
animal has been neither vaccinated nor infected. This test involves methods of synthesis,
amplification, or hybridization of nucleic acid sequences that are known to those skilled
in the art. See, for example, Sambrook et al. (1989) Molecular Cloning: A Laboratory
Manual, 2" Ed, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY; PCR, A
Practical Approach, Vols 1 & 2, McPherson et al. (eds.), Oxford University Press, 1992
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and 1995; and PCR Strategies, Innis (ed.), Academic Press, 1995, herein incorporated by

reference.

Compositions

The present invention also contemplates a composition (¢.g., @ vaccine)
comprising the recombinant polypeptides of the present invention, or nucleic acid
sequences encoding these polypeptides, for immunizing or protecting non-human
animals, preferably swine, against M. hyopneumoniae infections, particularly enzootic
pneumonia. The terms “protecting” or “protection” when used with respect to the
composition for enzootic pneumonia described herein means that the composition
prevents enzootic pneumonia caused by M. hyopneumoniae and/or reduces the severity of
the disease. When a composition elicits an immunological response in an animal, the
animal is considered seropositive, i.e., the animal produces a detectable amount of
antibodies against a polypeptide of the invention. Methods for detecting an
immunological response in an animal are well known.

Compositions generally include an immunologically effective dosage of a
polypeptide of the invention. An “immunologically effective” dosage is an amount that,
when administered to an animal, elicits an immunological response in the animal but does
not cause the animal to develop severe clinical signs of an infection. An animal that has
received an immunologically effective dosage is an inoculated animal or an animal
containing an inoculant of an immunologically effective amount of a polypeptide of the
invention. Immunologically effective dosages can be determined experimentally and may
vary according to the type, size, age, and health of the animal vaccinated. The
vaccination may include a single inoculation or multiple inoculations. Other dosage
schedules and amounts, including vaccine booster dosages, may be useful.

The composition can be employed in conjunction with a carrier, which may be
any of a wide variety of carriers. Representative carriers include sterile water, saline,
buffered solutions, mineral oil, alum, and synthetic polymers. Additional agents to
improve suspendability and dispersion in solution may also be used. The selection of a

suitable carrier is dependent upon the manner in which the composition is to be
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administered. The composition is generally employed in non-human animals that are
susceptible to enzootic pneumonia, in particular, swine.

The composition may be administered by any suitable method, such as
intramuscular, subcutaneous, intraperitoneal or intravenous injection. Alternatively, the
composition may be administered intranasally or orally, such as by mixing the active
components with feed or water, or providing a tablet form. Methods such as particle
bombardment, microinjection, electroporation, calcium phosphate transfection, liposomal
transfection, and viral transfection are particularly suitable for administering a nucleic
acid. Nucleic acid compositions and methods of their administration are known in the art,
and are described in U.S. Patent Nos. 5,836,905; 5,703,055; 5,589,466; and 5,580,859,
which are herein incorporated by reference. Other means for administering the
composition will be apparent to those skilled in the art from the teachings herein;
accordingly, the scope of the invention is not limited to a particular delivery form.

The composition may also include active components or adjuvants (e.g., Freund's
incomplete adjuvant) in addition to the antigen(s) or fragments hereinabove described.
Adjuvants may be used to enhance the immunogenicity of an antigen. Among the
adjuvants that may be used are oil and water emulsions, complete Freund's adjuvant,
incomplete Freund's adjuvant, Corynebacterium parvum, Hemophilus, Mycobacterium
butyricum, aluminum hydroxide, dextran sulfate, iron oxide, sodium alginate, Bacto-
Adjuvant, certain synthetic polymers such as poly amino acids and co-polymers of amino
acids, saponin, iota carrageenan, RegressinTM, Avridine™, Mannite monooleate, paraffin
oil, and muramyl dipeptide.

Nucleic acid or polypeptide compositions or vaccines as described herein can be
combined with packaging materials including instructions for their use to be sold as
articles of manufacture or kits. Components and methods for producing articles of
manufactures are well known. The articles of manufacture may combine one or more
vaccines (e.g., nucleic acid or polypeptide) as described herein. Instructions describing
how a vaccine is effective for preventing the incidence of a M. hyopneumoniae infection,
preventing the occurrence of the clinical signs of a M. hyopneumoniae infection,
ameliorating the clinical signs of a M. hyopneumoniae infection, lowering the risk of the

clinical signs of a M. hyopneumoniae infection, lowering the occurrence of the clinical
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signs of a M. hyopneumoniae infection and/or spread of M. hyopneumoniae infections in
animals may be included in such kits.

Conveniently, vaccines of the invention may be provided in a pre-packaged form
in quantities sufficient for a protective dose for a single animal or for a pre-specified
number of animals in, for example, sealed ampoules, capsules or cartridges.

Application of the teachings of the present invention to a specific problem or
environment is within the capabilities of one having ordinary skill in the art. Examples of
the products and processes of the present invention appear in the following examples.

The invention will be further described in the following examples, which do not

limit the scope of the invention described in the claims.

EXAMPLES

A. P102 AND PARALOGS THEREOF

Example A.1 — Mycoplasma strains

Mycoplasmas hyopneumoniae strains used included the 232, J, and Beaufort. The
source and culture conditions used to grow M. hyopneumoniae are as described in

Scarman et al. (1997) Microbiology 143:663-673.

Example A.2 — Cloning of the gene encoding P102

The gene encoding P102 was obtained by polymerase chain reaction (PCR) and
cloned into pTrcHis (Invitrogen). The oligonucleotides TH130 and TH131 were used to
amplify the region encoding amino acids 33 to 887 of P102 from pISM1217 as described
in Hsu and Minion ((1998) Infect. Immun. 66:4762-4766). The PCR product having 5'
BamHI and 3’ PstI restriction enzyme sites was digested sequentially with BamHI and
Pstl, gel purified, and ligated into BamHI/PstI-digested pTrcHis plasmid DNA. The
ligation mixture was transformed into CSH50 Escherichia coli, and transformants were
selected for ampicillin resistance (100 pg per mL). The resulting plasmid was sequenced
with primer SA1528 to confirm the insertion and orientation of the insert.

Site directed mutagenesis was performed on the insert sequence to remove TGA
codons, which code for tryptophan in Mycoplasmas. Directed mutagenesis was

performed using the Stratagene QuikChange Site-Directed Mutagenesis Kit (Stratagene,
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CA) according to the manufacturer's instructions. Five TGA codons in the cloned
sequence were changed to TGG using the following primer pairs:

P102.2f: 5’-GAT AAT TTT AAA AAA TGG TCG GCA AAA ACAGTT TTA
ACT GCT GCC-3’ (SEQ ID NO:21);

P102.2r: 5°-GGC AGC AGT TAA AACTGT TTT TGC CGA CCATTT TTT
AAA ATT ATC-3’ (SEQ ID NO:22);

P102.3f: 5°-GAA AGA GGA AGT AAT TGG TTT TCA CGA CTT GAA AGA
GC-3° (SEQ ID NO:23);

P102.3r: 5°-GCT CTT TCA AGT CGT GAA AAC CAA TTA CTT CCT CTT
TC-3’ (SEQ ID NO:24);

P102.4f: 5°-CTA AAA TTC TAA AAT CCT GGC TTG AAA CAA ATC TTC
AAG GC-3’ (SEQ ID NO:25);

P102.4r: 5>-GCC TTG AAG ATT TGT TTC AAG CCA GGA TTT TAG AAT
TTT AG-3’ (SEQ ID NO:26);

P102.5f: 5’-GCC TCT CTG ATT ATT GGT ATG GAT CTC CGA ATT C-3°
(SEQ ID NO:27);

P102.5r: 5’-GAA TTC GGA GAT CCA TAC CAA TAA TCA GAG AGG C-3’
(SEQ ID NO:28);

P102.6f: 5°-GGG ACA AGC ATT TGG ACA GCT TTT AAT TTC G-3’ (SEQ
ID NO:29);

P102.6r: 5’-CGA AAT TAA AAG CTG TCC AAA TGC TTG TCC C-3’ (SEQ
ID NO:30).

E. coli XL1-Blue MRF’ was the recipient for each mutagenesis step. To confirm
the sequence and the single-base changes, and to determine whether errors were
introduced during the cloning and mutagenesis steps, the final product was sequenced

using the primers:
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P102.2-SEQ: 5’-TCC GAC GAT GAC GAT AAG-3’ (SEQ ID NO:31);
P102.5-SEQ: 5°-TGG AAA ATT AGT TCT TGG-3’ (SEQ ID NO:32);
P102.6-SEQ: 5’-AGT TTC CAC TTC ATC GCC-3’ (SEQ ID NO:33).
The final construct was designated pISM1316.6.

Example A.3 — Expression and purification of P102
Plasmid pISM1316.6 was transformed into E. coli ER1458 (F- A(lac) U169 lon-
100 hsdR araD139 rpsL(StrR) supF mcrA trp+ zjj202:: Tni0(TetR) hsdR2(vk-mk+)

mcrBI), a Lon protease mutant, in preparation for protein expression. An overnight
culture was diluted 1:10 into fresh superbroth medium (per liter; 32 g Bacto tryptone, 20
g yeast extract, 5 g sodium chloride, pH 7.3) containing 1 mM isopropyl
thiogalactopyranoside (IPTG) and protease inhibitor cocktail (Sigma P8848) at a 1:200
dilution. The culture was incubated for 5 hours at 30°C with shaking. The cells were
collected by centrifugation and resuspended in TS buffer (10 mM Tris, 100 mM sodium
chloride, pH 7.4) plus 8 M urea and 2 mg/mL of lysozyme. After incubating for 30
minutes on ice, the suspension was frozen in a dry ice ethanol bath and passed
sequentially through three freeze-thaw cycles. The chromosomal DNA was sheared by
passing the suspension through an 18-gauge needle, and insoluble cellular debris was
removed by centrifugation. The final solution was passed through a Talon Metal Affinity
Resin (Clontech Laboratories, Inc., CA) column. The column was washed with 10
column volumes of TS buffer containing 10 mM imidazole. The bound protein was
cluted with TS buffer containing 500 mM imidazole, and the column eluent was dialyzed
overnight against phosphate buffered saline (10 mM Na,HPO4, 100 mM NaCl, pH 7.4).
Purity of the protein preparations was assessed by sodium dodecyl sulfate gel

electrophoresis and by Western blotting using 6xHis monoclonal antibody (Clontech).

Example A.4 — Generation of P102 antisera

Mice were immunized with 10 pg of purified P102 mixed with 200 pL of Freund's
incomplete adjuvant, and on day 21, second dosages were given. Ascites were developed
by the introduction of Sp2 myeloma cells using the method of Luo and Lin ((1997)
BioTechniques 23:630-632), and ascites fluid was aliquoted and stored at =70°C.
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Antibody specificity was tested by immunoblot analysis using purified P102 protein and

M. hyopneumoniae whole antigen.

Example A.5 — Immunoelectron microscopic analysis of immunogold-labeled cell

sections

To determine if P102 is surface exposed or associated with the P97 cilium
adhesin, monospecific polyclonal anti-P102 antiserum was used in the following
immunoelectron microscopic studies to determine the location of P102 in the
Mycoplasma cell.

M. hyopneumoniae strains 90-1 and 60-3 were grown in modified Friis media
(Friis (1971) Acta Vet. Scand. 12:69-79) until mid log phase as described (Hsu et al.
(1997) J. Bacteriol. 179:1317-1323). The cells were pelleted by centrifugation and
washed once with phosphate buffered saline (PBS) by centrifugation. Cells were
resuspended in PBS and then reacted with either anti-P102 ascite fluid diluted 1:50, or
F1B6 cell culture supernatant (Zhang et al. (1995) Infect. Immun. 63:1013-1019) diluted
1:10, overnight at 4°C. The next day, cells were washed five times with PBS and then
reacted for 30 minutes at room temperature with goat anti-mouse IgG + IgM labeled with
10 nm gold particles (EY Laboratories, Inc., San Mateo, Calif.) diluted 1:25. The cells
were then washed five times with PBS and pelleted by centrifugation.

The final cell pellets were fixed with 3 % glutaraldehyde in 0.1 M sodium
cacodylate buffer (pH 7.2) at 4°C overnight. The pellets were washed three times, 15
minutes each time, with 0.1 M sodium cacodylate buffer and post fixed with 1 % osmium
tetroxide in 0.1 M sodium cacodylate buffer for 2 hours at room temperature. The pellets
were then washed with distilled water, passed through an acetone series and embedded in
Embed 812 and Araldite (Electron Microscopy Sciences, Fort Washington, PA).

For tracheal sections, Mycoplasma-free pigs were inoculated intratracheally with
M. hyopneumoniae strain 232 as described in Thacker et al. ((1997) Potentiation of
PRRSYV pneumonia by dual infection with Mycoplasma hyopneumoniae. In Conference of
Research Workers in Animal Diseases. Ellis, R.P. (ed.) Chicago, IL: lowa State
University Press, pp. 190). At 10 and 21 days, pigs were sacrificed, and tracheas were

removed. One cm blocks of tissue were fixed with 1% glutaraldehyde overnight,
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dehydrated in an acetone series and embedded as above. Thick (1-2 pum) sections were
stained with methylene blue polychrome and examined by microscopy for regions
containing ciliated epithelium. Thin sections (80-90 nm) were then prepared for labeling.
For some studies, cells grown in vitro were embedded and sectioned prior to staining.
The sections were pretreated with ammonium chloride (1%) for 1 hour, 0.05 M glycine in
PBS for 15 minutes, and blocked for 30 minutes in 2% fish gelatin + 2% bovine serum
albumin in TS buffer (10 mM Tris, 100 mM NaCl, pH 7.5). Primary antibodies were
diluted (1:50) in TS buffer and reacted with sections for 30 minutes at room temperature.
The sections were washed six times with TS buffer, and then incubated with goat anti-
mouse IgG + IgM labeled with 10 nm gold particles (diluted 1:2) for 15 minutes at room
temperature. Both primary antibodies and the conjugate were diluted and centrifuged
briefly (12,000 xg for 5 minutes) to remove gold aggregates prior to use. The sections
were then washed six times with TS buffer, dried, contrasted with osmium vapors for 2
minutes, and stained with uranyl acetate-lead citrate. The sections were examined on a
Hitachi 500 electron microscope at 75 kV.

In in vitro grown cells, gold particles were found external to the cells and were
primarily associated with the extracellular matrix. Similar results were observed for cells
that were stained before or after fixation and sectioning. Occasionally, particles were
seen associated with the cell surface, and in rare cases, particles were seen intracellularly.
In cells associated with swine cilia, however, gold particles were seen at high
concentration intracellularly. P102 was also found in association with swine cilia, often
in aggregates or at high concentrations. The extracellular matrix that was so prominent in

broth grown cells was not evident in sections of infected swine epithelia.

Example A.6 — Two-dimensional electrophoresis

Two-dimensional gel electrophoresis (2-DGE) was carried out essentially as
described by Guerreiro et al. ((1997) Mo!. Plant Microbe Interact., 10:506-16). First
dimension immobilized pH gradient (IPG) strips (180 mm, linear and non-linear pH 3-10
and linear pH 4-7 and 6-11; Amersham Pharmacia Biotech, Uppsala, Sweden) were
prepared for focusing by submersion in hydration buffer (8 M urea, 0.5% wt/vol CHAPS,
0.2% wt/vol DTT, 0.52% wt/vol Bio-Lyte and a trace of bromophenol blue) overnight.
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M. hyopneumoniae whole cell protein (100 pg for analytical gels, 0.5-1.0 mg for
preparative gels and immunoblots) was diluted with sample buffer (8 M urea, 4% w/v
CHAPS, 1% w/v DTT, 0.8% w/v Bio-Lyte 3-10, 35 mM Tris, and 0.02% w/v
bromophenol blue) to a volume of 50 to 100 uL for application to the anodic end of each
IPG strip. Isoelectric focusing was performed with a Multiphor IT electrophoresis unit
(Pharmacia) for 200 kVh at 20°C except for pH 6-11 strips, which were electrophoresed
for 85kVh. IEF strips were reduced and alkylated in Tris-HCl (0.5 M, pH 6.8) containing
6 M urea, 30% w/v glycerol, 2% w/v sodium dodecyl sulfate (SDS), 2% w/v DTT and
0.02% bromophenol blue. Equilibrated strips were placed onto Pharmacia ExcelGels (T
=12 to 14% acrylamide) for SDS-PAGE using the Multiphor II. Electrophoretic
conditions consisted of 200 Volts for 1.5 hours followed by 4 hours at 600 Volts at 5 °C.
Gels were stained in Coomassie Blue R-250 (Bio-Rad, Hercules, CA), and proteins were
transferred to polyvinylidene difluoride (PVDF) membranes using a Hoefer TE70 Series
SemiPhor Semi-Dry Transfer Unit (Amersham Pharmacia Biotech, Uppsala, Sweden).
The transfer was carried out for 1.5 hours at maximum voltage and a current measured by

multiplying the area of the gel (cm2) by 0.8 mA.

Example A.7 — Post-separation analyses

Protein spots were excised from gels using a sterile scalpel and placed in a 96 well
tray. Gel pieces were washed with 50 mM ammonium bicarbonate/100% acetonitrile
(60:40 v/v) and then dried in a Speed Vac (Savant Instruments, Holbrook, NY) for 25
minutes. Gel pieces were then hydrated in 12 pL of 12 ng nL! sequencing grade
modified trypsin (Promega, Madison, WI) for 1 hour at 4°C. Excess trypsin solution was
removed and the gel pieces immersed in 50 mM ammonium bicarbonate and incubated
ovemight at 37°C. Eluted peptides were concentrated and desalted using Cig Zip-Tips™
(Millipore Corp., Bedford, MA.). The peptides were washed on column with 10 puL of
5% formic acid. The bound peptides were eluted from the Zip-Tip™ in matrix solution
(10 mg mL™" a-cyano-4-hydroxycinnamic acid [Sigma] in 70% acetonitrile) directly onto
the target plate. Matrix-assisted laser desorption/ionization time-of-flight mass

spectrometry (MALDI-TOF MS) mass spectra were acquired using either a PerSeptive
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Biosytems Voyager DE-STR (Framingham, MA.) or a Micromass TofSpec2E
(Micromass, Manchester UK). Both instruments were equipped with 337 nm nitrogen
lasers. All spectra were obtained in reflectron/delayed extraction mode, averaging 256
laser shots per sample. Two-point internal calibration of spectra was performed based
upon internal porcine trypsin autolysis peptides (842.5 and 2211.10 [M+H]" ions). A list
of monoisotopic peaks corresponding to the mass of generated tryptic peptides was used
to search a modified translated version of the M. hyopneumoniae genome. Successful
identifications were based on the number of matching peptide masses and the percentage
sequence coverage afforded by those matches. N-terminal Edman sequencing was

performed as previously described (Nouwens et al., 2000).

Example A.8 — P102 is surface expressed

To generate a P102 specific antibody, recombinant P102 protein was expressed in
in E. coli and then purified as follows. The coding sequence for P102 was obtained from
plasmid pISM1217, which contained the entire sequence of P102 (Hsu and Minion (1998)
Infect. Immun. 66:4762-4766). The region of the coding sequence encoding amino acids
33-887 was amplified by PCR using primers having BamHI and Ps!I restriction sites at
the 5’ termini to enable cloning into pTrcHis. The resulting construct was designated
pISM1249. To allow for expression of the coding sequence in E. coli, the TGA codons in
the pISM1249 sequence were altered by site-directed mutagenesis to TGG codons. The
final construct pISM1316.6 was sequenced to confirm these changes and to check for
errors introduced by PCR during the mutagenesis step.

Expression of the cloned sequence in pISM1316.6 resulted in a poly-histidine-
tagged protein of about 100 kDa. Expression levels of P102 were low in E. coli despite
the removal of the opal (TGA) stop codons. A Talon Metal Affinity Resin column was
used to remove contaminating £. coli proteins during purification. Mouse hyperimmune
antiserum raised against this recombinant protein was used in immunoblot analysis of M.
hyopneumoniae whole cells. The anti-P102 antiserum showed three bands indicating
either the presence of cross-reactive proteins or that P102 was being proteolytically

processed. Trypsin treatment of whole cells followed by immunoblot and development
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with the anti-P102 antiserum showed that P102 was located on the membrane surface; all

immunoreactive bands were sensitive to trypsin.

Example A.9 — P102 paralogs are found throughout the M. hyopneumoniae genome

Hybridization studies indicated that P102 or P102-related sequences may exist in
multiple copies in the genome of M. hyopneumoniae (Hsu et al. (1997) J. Bacteriol.
179:1317-1323). Genome sequencing studies have identified four distinct paralogs of
P102 (C2-mhp210, C27-mhp348, C28-mhp663, and C2-mhp036) and two partial
paralogs (C2-mhp033 and C2-mhp034) scattered throughout the chromosome (Fig. 21).
Further analysis of the genome sequence of M. hyopneumoniae revealed additional open
reading frames with varying homologies to P102. Each of these appeared to be a fusion
with a second gene, while the original P102 sequence had undergone significant
evolution. Also, each paralog was part of a two-gene genetic structure, possibly
organized into operons. In every case, the P102 paralog was the second or downstream
gene. DNA sequence analysis of each of the P102 paralogs showed that homology to
P102 was low, but amino acid homology was much higher. The amino acid sequences of

the P102 paralogs are shown in Figures 2, 6, 12, 14, 16,18, and 20.

Example A.10 — Biotin labeling of surface accessible proteins identified molecules

belonging to a multi-gene family

Studies were undertaken to identify all of the surface accessible proteins in M.
hyopneumoniae recognized by convalescent and hyperimmune swine sera. By combining
surface biotinylation, two-dimensional immunoblotting, genomic and proteomic analysis,
a subset of these surface molecules was mapped to the genome sequence of M.
hyopneumoniae.

Initially, two-dimensional gel electrophoresis of biotinylated proteins identified
groups of proteins that were surface exposed, highly expressed, and appeared to resolve
along the pl gradient as a series of spots. The molecular masses of many of these proteins
ranged from 40 to 130 kDa. Many of these proteins were recognized by convalescent and
hyperimmune swine sera. This suggests that these proteins were expressed during M.

hyopneumoniae infection and evoked an accompanying immune response.
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Tryptic fragments of individual protein spots were analyzed by peptide mass
fingerprinting, and the spectra matched to theoretical trypsin cleavage products generated
from the M. hyopneumoniae genome database. Some of the spots of different molecular

masses mapped to the same single copy gene.

Example A.11 — Peptide mass fingerprinting and biotinylation studies show that P102

paralogs are expressed

Many of the proteins identified by biotinylation and peptide mass fingerprinting
were related to products from the cilium adhesion operon (Hsu and Minion (1998) Infect.
Immun. 66:4762-4766). In addition to the cilium adhesin P97, gene products representing

P102 and related proteins were identified.

A.12 — Results
Results indicated that there were a surprising number of P102 paralogs that were
all expressed and located on the surface of the organism. Some of the P102 paralogs had
a greater degree of sequence identity with P97, while other P102 paralogs did not. None
of the sequences surrounding the P102 paralogs were similar, which suggests that the
P102 genes duplicated and moved independently of surrounding sequences. Differential
staining of in vitro-grown and in vivo-grown organisms was observed, further suggesting

that P102 might be involved in the hyperimmune-like responses seen during infection.

B. P216 STUDIES

Example B.1 — Mycoplasma strains and culture

The source and culture conditions used to grow M. hyopneumoniae strains J,
Beaufort and 232 are as described in Scarman et al. ((1997) Microbiology 143:663-673).
Mpycoplasmas were harvested by centrifugation at 10,000 xg, washed three times with TS
buffer (10 mM Tris, 150 mM NaCl, pH 7.5), and the final cell pellets were frozen at
-20°C until use.
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Example B.2 — Preparative electrophoresis

Preliminary vaccine trials in swine immunised with size-fractionated antigens of
M. hyopneumoniae indicated that antigen pools residing in two fractions, fractions 2 (85-
150 kDa) and 3 (70-85 kDa), provided limited protection against a virulent challenge
(Djordjevic et. al (1997) Aust Vet J 75:504-511). To determine the amino acid sequences
of proteins residing in these molecular mass fractions, whole cell lysates of M.
hyopneumoniae J strain were separated using 5-7% polyacrylamide resolving columns
each with a 4% stacking gel using a BioRad 491 Prep Cell as described in Scarman et al.
((1997) Microbiology 143:663-673). Proteins corresponding to those defined for
fractions 2 and 3 were pooled, concentrated by filtration, and resuspended in PBS.
Protein fractions were digested with trypsin, separated using electrophoresis on precast 8-
15% gradient Tricine gels (Novex), and then blotted onto PVDF membrane (BioRad,
California, USA) (Towbin et al. (1979) Proc. Natl. Acad. Sci. USA. 76:4350-4354).
Protein fractions were analyzed by (1) reaction with porcine hyperimmune sera raised
against the J strain of M. hyopneumoniae and (2) staining with amido black. Tryptic
fragments stained with amido black that reacted with the hyperimmune sera were

analysed by N-terminal amino acid sequencing.

Example B.3 — Cloning of the gene encoding P216

To clone the genes encoding immunoreactive proteins, degenerate oligonucleotide
probes were designed from the N-terminal peptide sequences determined above and used
to probe EcoRI-digested chromosomal DNA by Southern analysis (Southern (1975) J.
Mol. Biol. 98:503-517). EcoRI digested chromosomal DNA from the Beaufort strain was
separated on a 1% agarose column prepared in 491 Prep Cell according to the BioRad
Technical Note #2203. Samples from every fifth fraction were blotted to a nylon
membrane and probed with degenerate oligonucleotide probes derived from the N-
terminal sequences of tryptic fragments. DNA fragments from reactive fractions were
incubated with the Klenow fragment and Pfu DNA polymerase to generate blunt ends.
DNA fragments were ligated into pCR Script™ and transformed into XL1 0-Gold as

outlined in the manufacturer’s instructions (Stratagene).
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In this way, N-terminal sequence analysis of an X kDa tryptic peptide fragment
recognised by porcine hyperimmune generated the sequence ELEDNTKLIAPNIRQ
(SEQ ID NO:34). Based on this amino acid sequence, a degenerate oligonucleotide
having the sequence 5’-GAA (T/C)T(T/A) GAA GAT AAT AC(C/A/T) AAATTA ATT
GC(T/A) CCT AAT-3’ (SEQ ID NO:35) was made and used as a probe to identify a
hybridizing fragment of 4.5 kb. The clone containing this 4.5 kilobase fragment was
designated p216.

Example B.4 — DNA Sequence Analysis

For sequence analysis, purified plasmid DNA (Qiagen) or PCR product purified
from agarose using the BRESA-CLEAN™ kit (Bresatec, Adelaide, Australia) was used.
Oligonucleotide primers were obtained commercially (Sigma), and the BigDye™
Terminator Cycle Sequencing Kit (Applied Biosystems) was used for sequencing
reactions. Results were analysed with an Applied Biosystems Model 377 automated
sequencer.

Sequence analysis of the cloned fragment in p216 from the Beaufort strain
revealed a large ORF that did not significantly match sequences deposited in GenBank.
The fragment was the carboxy terminus of a larger ORF as the fragment had a stop codon
but no ATG start codon. Additional upstream sequence was obtained by inverse PCR,
and the final N-terminal sequence was obtained by PCR using primers designed from
strain 232 genomic sequences. The complete ORF (C28-mph545; see, Figure 7) was
5,637 base pairs in length and encoded a protein of 216 kDa designated P216 (C28-
MPH545; see, Figure 8). The ORF contained 17 TGA codons, 12 of which appeared in
the carboxy terminal 85 kDa.

Blastp analysis of the complete gene sequence revealed near identity with the
partial gene sequence YX2 (GenBank Accession No. AF279292) from M.
hyopneumoniae strain 232 and limited sequence homology with the P97 cilium adhesin
(GenBank Accession No. U50901) with 21% identities, 38% positives and 19% gaps
(Expect = 4e-18). Comparisons of the nucleotide and derived protein sequences with the
database were performed using the package from the University of Wisconsin Genetics

Group (GCG) Version 7, accessed via the Australian National Genomic Information
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Service (ANGIS, University of Sydney) and MacVector (Scientific Imaging Systems,
Eastman Kodak Co., New Haven, Conn.).

DNA sequence encoding the P216 homologue from the 232 strain of M.
hyopneumoniae was obtained as part of a genome-sequencing project. Southern blotting
analysis using an oligonucleotide probe from the carboxy terminus showed that the M.
hyopneumoniae genome contained a single copy of the gene encoding the 216-kDa
protein. Blastn analysis with p216 and the M. hyopneumoniae genome database also
identified a single copy. The protein has 1,879 amino acids, a pl of 8.51, and is highly
hydrophilic. A protein motif search using the algorithm Prosite on the ISREC Profilescan
server (www.isrec.isb-sib.ch/software/PFSCAN_form.html) identified a bipartite nuclear
binding domain (BNBD) between amino acids 1012-1029.

The nucleotide sequence of the M. hyopneumoniae p216 gene from strain 232 and

the J strain are shown in Figures 7 and 19, respectively.

Example B.5 — Generation of antisera against M. hyopneumoniae strain 232

Preparation of porcine hyperimmune serum against M. hyopneumoniae is as
described in Scarman et al. (1997) Microbiology 143:663-673. In brief, M.
hyopneumoniae-free swines were challenged with a preparation of M. hyopneumoniae
strain 232 emulsified in Freund’s complete adjuvant, and these swines were subjected to a
second exposure one month later with the same preparation in Freund’s incomplete
adjuvant. Serum responses were monitored until an anti-M. hyopreumoniae response was

confirmed by an enzyme-linked immunosorbent assay (ELISA).

Example B.6 — Generation of P216 polyclonal antisera

To generate monospecific polyclonal antisera to P216, the DNA sequence
encoding P216 from strain 232 was examined for the presence of TGA codons, since
TGA codons encode tryptophans in Mycoplasmas. A region containing no TGA codons
and encoding a 30 kDa protein (amino acids 1043-1226) was identified. PCR primers
were designed to amplify and clone this region into pCR Script™ forming plasmid
p216.1. The cloned fragment was then directionally cloned into pQE9 (Qiagen) by
ligation of BamHI- and HindIlI-digested p216.1 DNA to form p216.2. The ligation
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mixture was transformed into Escherichia coli M15[pREP4] according to the
manufacturer’s instructions (Qiagen). Colony hybridization using the DIG system
(Roche) was used to identify transformants containing the proper fragment.

Cultures of the transformants containing p216.2 were grown in LB medium
(Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, 2" Ed, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY) containing ampicillin (100 pg/mL) and
kanamycin (25 pg/mL) at 37°C with shaking. For expression from p216.2, cultures were
treated with 1 mM isopropyl-p-D-thiogalactopyranoside (IPTG) after reaching an ODggo
of 0.6. After induction for 4 hours, the cells were harvested by centrifugation at 4,000 xg
for 20 minutes. Purification of the recombinant His-tagged protein was achieved using
Ni-NTA resin under denaturing conditions as outlined in the manufacturer’s instructions
(Qiagen).

Purified recombinant protein was dialysed against PBS containing 5% glycerol
and concentrated using polyvinyl-pyrrolidone (Sigma). Approximately 5 mg of purified
protein in a volume of 250 uL were emulsified with an equal volume of Freund’s
incomplete adjuvant (Sigma). The preparation was given subcutaneously to rabbits at
two sites and a booster immunization, similarly prepared, was given three weeks later.
Serum response against the immunizing antigen was confirmed by immunoblot analysis.

Similarly, rabbit antisera directed against the N-terminal sequence of P216 were
generated by immunization with the peptide DFLTNNGRTVLE (SEQ ID NO:36) (amino
acids 94-105 of P216) conjugated to keyhole limpet hemocyanin. Rabbit immunizations
were performed as described in (Scarman et al. (1997) Microbiology 143:663-673).

Example B.7 — Blectrophoretic and immunoblot analyses

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and
immunoblot analysis were performed as described by Laemmli (1970) Nature 227:680-
685 and Towbin et al. (1979) Proc. Natl. Acad. Sci. USA, 76:4350-4354, respectively.
Analytical electrophoretic gels containing M. hyopneumoniae strain 232 proteins were
stained with silver (Rabilloud et al. (1992) Electrophoresis 13:264-266). Preparative gels

were stained with colloidal Coomassie Brilliant Blue G-250 (0.1% Coomassie Brilliant
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Blue G-250 w/v, 17% w/v ammonium sulfate, 34% methanol v/v, 3% v/v ortho-
phosphoric acid). Gels were destained in 1% v/v acetic acid for 1 hour.

Immunoblot analysis was used to determine if P216 is recognised by antibodies
elicited during natural infection using swine field sera shown to contain antibodies against
M. hyopneumoniae (Djordjevic et al. (1994) Vet. Microbiol. 39:261-273). The 30 kDa
recombinant protein representing amino acids 1043-1226 of P216 was used as antigen in
these experiments. Other immunoblot analyses included one- and two-dimensional blots
of M. hyopneumoniae whole cells using swine convalescent sera pools (2D blots) and
individual swine sera (1D blots). Swine hyperimmune sera were also used to screen for
immunoreactive proteins in one- and two-dimensional immunoblot analyses. Rabbit
antisera generated against the 30 kDa recombinant protein and the peptide
DFLTNNGRTVLE (SEQ ID NO:36) specific for P130 were used to investigate

processing of P216 in one-dimensional immunoblotting experiments as well.

Example B.8 — Two-dimensional gel electrophoresis

Two-dimensional gel electrophoresis was carried out essentially as described by
Guerreiro et al. ((1997) Mol Plant Microbe Interact 10:506-516). First dimension
immobilized pH gradient (IPG) strips (180 mm, linear and non-linear pH 3-10 and linear
pH 4-7; Pharmacia-Biotechnology, Uppsala, Sweden) were prepared for focusing by
submersion in rehydration buffer (8 M urea, 0.5% w/v CHAPS, 0.2% w/v DTT, 0.52%
w/v Bio-Lyte and a trace of bromophenol) overnight. M. hyopneumoniae 232 whole cell
proteins (100 pg for analytical gels, 0.5-1.0 mg for preparative gels and immunoblots)
were diluted with sample buffer (8 M urea, 4% w/v CHAPS, 1% w/v DTT, 0.8% w/v
Bio-Lyte 3-10, 35 mM Tris, and 0.02% w/v bromophenol blue) to a volume of 50 to 100
ul for application to the anodic end of each IPG strip. Isoelectric focusing was run with
the Immobiline DryStrip kit in a Multiphor II electrophoresis unit (Pharmacia-
Biotechnology) for 200 kVh at 20°C. IEF strips were subsequently prepared for second
dimension SDS-polyacrylamide gel electrophoresis (SDS-PAGE) by equilibration in Tris-
HCI (0.5 M, pH 6.8) containing 6 M urea, 30% w/v glycerol, 2% w/v sodium dodecyl
sulfate (SDS), 2% w/v DTT, and 0.02% bromophenol blue. Equilibrated strips were

placed onto Pharmacia ExcelGel gels (T = 12 to 14% acrylamide) for molecular mass
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separation of M. hyopneumoniae proteins on a Multiphor IT unit. Electrophoretic
conditions consisted of 200 Volts for 1.5 hour followed by 4 hours at 600 Volts. Gels

were maintained at 5°C throughout.

Example B.9 — Peptide mass fingerprinting-mass spectrometry

Proteins spots were manually excised and placed in a 96-well microtiter plate.
Conditions used for trypsin digestion and for the generation of peptide mass fingerprints
are described in Nouwens et al. (2000) Electrophoresis 21:3797-3809. A purification
step was performed on the tryptic peptides for proteins with poor peptide mass
fingerprints as described in Gobom et al. (1999) J. Mass Spectrom. 34:105-116. Protein
identifications were assigned by comparing the peak lists generated from peptide mass
fingerprinting data to a database containing theoretical tryptic digests of M.
hyopneumoniae strain 232. The Protein-Lynx package (Micromass, Manchester, UK)

was used to search databases.

Example B.10 — Image processing
Gels and immunoblots were digitized at 600 dpi with a UMAX PS-2400X lamp

scanner using Photoshop 3.0 (Adobe, Mountain View, CA). Spot detection and gel-to-gel
protein spot matching were performed with MELANIE II software (BioRad, Hercules,
CA) run under OpenWindows 3.0. Apparent molecular masses were determined by co-

electrophoresis with protein standards (Pharmacia-Biotechnology).

Example B.11 — Results of two-dimensional electrophoresis

and peptide mass fingerprinting analysis

Analyses of two-dimensional electropherograms identified two clusters of spots
that tracked along the pI gradient in an unusual fashion. Peptide mass fingerprinting
analysis of spots within each of the clusters showed that the spots had identical mass
fingerprints and were thus derived from the same molecule. Cluster 1 with an
approximate mass of 130 kDa was mapped to the N-terminal region of P216 from the
genome sequence of M. hyopneumoniae strain 232. Cluster 2 of approximately 85 kDa

mapped to the carboxy terminus of the same ORF. The proteins were designated P130
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and P8S, respectively. The pl of cluster 1 ranged from 9.5 to 8.0, while the pI of cluster 2
ranged from 9.0 to 6.5. Mass spectrometric analysis indicated that P216 was cleaved

between amino acids 1004 and 1090 generating the two fragments of 130 and 85 kDa.

Example B.12 — Results of immunoblot analysis

Two-dimensional immunoblots reacted with porcine hyperimmune sera revealed a
complex pattern of spots two of which corresponded to P130 and P85. P85 was also
strongly recognized by a pool of convalescent sera showing that it was an important
antigen during disease. To investigate this further, a 30-kDa region spanning amino acids
1042-1226 in P85 was expressed, purified by nickel-affinity chromatography, and blotted
onto PVDF membrane. Individual convalescent sera from swines known to be positive in
a M. hyopneumoniae-specific ELISA reacted with the 30-kDa protein confirming that
P216 is an important molecule recognized by the host immune response during the
normal course of infection. Antibodies raised to a 30-kDa peptide spanning amino acids
1042-1226 reacted solely with the 85 kDa cleavage product suggesting that cleavage
occurred between amino acids 1004 and 1042. Sera raised to the N-terminal peptide of
P216 recognized only P130

Example B.13 — Posttranslational processing of P216

among different strains of M. Ayopneumoniae.

To investigate fragment patterns of P216 in different M. hyopneumoniae strains,
immunoblot analysis was performed with the anti-P130 N-terminal peptide and anti-P30
antisera. Antibodies raised against the N-terminal peptide recognized P130 and several
lower molecular mass peptides in one-dimensional immunoblots of whole cell lysates of J
and 232 strains. The pattern of proteins recognised by this antisera was different between
the two strains. Antisera raised against the 30-kDa peptide strongly recognised an 85-
kDa antigen in both J and 232 strains, but also reacted with a number of weakly reactive
proteins. Similarly, the pattern recognised with the anti-30-kDa sera was different
between J and 232.

To determine if different post-translational cleavage events were occurring among

other strains of M. hyopneumoniae, a collection of strains from different geographic
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origins were examined by immunoblot. Anti-30 kDa sera reacted strongly to an 85-kDa
antigen and other proteins of lower molecular mass in immunoblots of whole cell lysates
from different strains of M. hyopneumoniae. These strains represented isolates recovered
from different geographic locations within Australia and from different countries
including the USA, Great Britain and France. The anti-P30 sera, however, did not react
against antigens in immunoblots of whole cell lysates of related porcine Mycoplasmas,
e.g. Mycoplasma hyorhinis and Mycoplasma flocculare, suggesting that P216 is a M.
hyopneumoniae-specific antigen. Convalescent sera from different swines also

recognized purified recombinant P30 indicating that P216 is expressed in vivo.

Example B.14 — Surface localization studies

Several approaches were taken to determine if P216 and its cleavage products
were associated with the outer membrane surface. These included trypsin digestion and
cell surface biotinylation.

For trypsin digestion studies, all solutions and M. hyopneumoniae cell stocks were
pre-equilibrated at 37°C. M. hyopneumoniae cells (200 mg/mL in PBS) were aliquoted
(300 pL) into sterile eppendorf tubes at 37°C and trypsin was added to a final
concentration ranging from 0.1 - 1000 pg/mL. The suspensions were inverted gently and
incubated at 37°C for 20 minutes. Immediately after incubation, the cells were lysed in
Laemmli buffer, heated at 95°C for 10 minutes and analysed by SDS PAGE and
immunoblotting. Trypsin digested both P85 and P130 in a concentration dependent
manner, but did not digest the intracellular enzyme lactate dehydrogenase, a control for
spontaneous lysis of cells (Strasser et al. (1991) Infect. Immun. 59:1217-22). This
suggests that both portions of P216 are surface accessible and sensitive to trypsin
digestion.

To further clarify this, surface biotinylation of M. hyopneumoniae was performed.
The method described by Meier et al. ((1992) Anal. Biochem. 204:220-226) was used
with the following modifications. All solutions were pre-chilled at 4°C and all
manipulations were performed on ice. M. hyopneumoniae pellets (200 mg wet weight)
were resuspended in 4 mL of BOS buffer (10 mM sodium tetraborate in 0.15 M NaCl, pH
8.8). Immediately after the addition of 5 pLL of NHS-biotin (10 mg/mL in
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dimethylsulfoxide), the reaction was allowed to proceed for 1 to 8 minutes with swirling.
To determine the most suitable reaction time, aliquots were removed at [-minute intervals
for 15 minutes. A reaction time of 5 minute was chosen for all subsequent studies except
where noted. Biotinylation was stopped with the addition of 2 mL of 0.1 M NH,4Cl that
served to saturate unbound NHS-biotin. Cells were harvested by centrifugation (8,500
xg, 10 minutes) and washed twice in TKMS buffer (25 mM Tris-HCI, pH 7.4, 25 mM
KCl, 5 mM MgCl; and 0.15 M NaCl in PBS). The products were resolved by two-
dimensional electrophoresis.

Both P130 and P85 were readily biotinylated, confirming that all parts of P216

were surface accessible.

Example B.15 — Triton X-100 and X-114 extractions

Integral membrane proteins from 200 mg wet weight of whole cells were
extracted with TX-114 essentially as described by Bordier ((1981) J. Biol. Chem.
182:1356-1363). The resultant aqueous and detergent phases were collected and analysed
by SDS-PAGE and immunoblotting. The phase partitioning activity of Triton X-114
causes separation of hydrophobic molecules into the detergent phase. When treated with
Triton X-114, P85 remained in the insoluble pellet consisting of complex high molecular
weight structures that (1) were membrane associated and (2) lacked the solubility of
normal cytosolic proteins.

For Triton X-100 extraction, pelleted M. hyopneumoniae (strains J and Beaufort)
cells (200 mg wet weight) were resuspended in 10 mL of TS buffer containing 1 mM
phenylmethylsulfonyl fluoride. Proteins were extracted by the addition of 2% Triton X-
100 (Amersham Pharmacia Biotechnology) and incubated at 37°C for 30 minutes as
described in Stevens and Krause ((1991) J. Bacteriol. 173:1041-1050). Briefly, M.
hyopneumoniae cell suspensions were centrifuged (14,000 xg, 30 min) at 4°C. The
aqueous phase was removed and the pellet was re-extracted as described above. The
insoluble pellet and both aqueous phases were analysed by SDS-PAGE and
immunoblotting using anti-30 kDa and sera raised against the peptide DFLTNNGRTVLE
(SEQ ID NO:36).
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With Triton X-100 fractionation, high molecular weight cytoskeletal-like proteins
remain insoluble, but phase partitioning does not occur. When treated with Triton X-100,
P85 partitioned primarily to the aqueous detergent-containing phase, but about 30%
remained in the pellet. These data indicate that P216 may form extracellular oligomeric
structures. The presence of coiled coil domains in both fragments of P216 also supports

this hypothesis.

C. P97 STUDIES

Example C.1 - Bacterial strains and plasmids

M. hyopneumoniae strains 232 (virulent parental strain), 232_91 .3 (high adherent
clone), 232_60.3 (low adherent clone), and J type strain (NCTC 10110) were grown in
modified Friis broth and harvested as described by Zhang et al. ((1995) Infect Immun
63:1013-1019) and Djordjevic et al. ((1994) Vet Microbiol 39:261-273), respectively. All
broth media were filter sterilized through 0.22 um filters, which removed the majority of
particulate matter. Mycoplasmas were harvested by centrifugation and extensively
washed to remove remaining medium contaminants. Escherichia coli TOP10 containing
pISM405 was grown on Luria Bertani (LB) agar or in LB broth (Sambrook et al., 1989)
containing 100 pg ml™ ampicillin. Isopropyl-p-D-thiogalactopyranoside (IPTG)
induction was carried out by the addition of IPTG to a final concentration of 1 mM.
Bacterial cultures were routinely grown at 37°C and liquid cultures were aerated by

shaking at 200 rpm.

Example C.2 - Construction and expression of adhesin fusion protein

Hexa-histidyl P97 fusion proteins were constructed using the pTrcHis (Invitrogen,
Carlsbad, CA) cloning vector. Primers FMhp3 (5’-GAA CAATTT GAT CAC AAG
ATC CTG AAT ATA CC-3’ (SEQ ID NO:37)) and RMhp4 (5’-AAT TCC TCT GAT
CAT TAT TTA GAT TTT AAT TCC TG-3’ (SEQ ID NO:38)) were used to amplify a
3013 bp fragment representing base pairs 315-3321 of the gene sequence containing
amino acids 105-1107. The fragment was digested with Bc/l (underlined sequence) and
inserted into the BamHI site of vector pTrcHisA. A construct with the proper fragment

orientation was identified by restriction digests. The resulting 116-kDa recombinant P97-
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polyhistidine fusion protein contained the R1 and R2 repeat regions as well as the major

cleavage site at amino acid 195 in the P97 sequence.

Example C.3 — Antisera
The Mab F1B6 has been described (Zhang et al. (1995) Infect. Immun. 63:1013-
1019). Mab F1B6 binds to the R1 region of the cilium adhesin that has at least 3 repeat

sequences (Minion et al. (2000) Infect. Immun. 68:3056-3060). Peptides with sequences
TSSQKDPST (ANP97) (SEQ ID NO:39) and VNQNFKVKFQAL (NP97) (SEQ ID
NO:40) were used to raise antibodies against P97/P66 and P22, respectively. The
peptides were bound to keyhole limpet hemocyanin with the Pierce Imjet Maleimide
Activated Immunogen Conjugation Kit (Pierce Chemical Co., Rockford, IL). These
conjugates were then used to generate mouse hyperimmune antisera by the method of
Luo and Lin ((1997) BioTechniques 23:630-632). The resulting antisera were tested by
enzyme linked immunosorbent assay (ELISA) using ovalbumin-peptide conjugate and
purified recombinant P97 antigens, and by immunoblot with the recombinant P97
antigen. Antiserum raised against the C-terminal 28 kDa (R2 serum) of the cilium
adhesin of strain J has been described (Wilton et al. (1998) Microbiology 144:1931-
1943). Mouse Mab 2B6-D4 raised against human fibronectin was purchased
commercially (BD Biosciences, Pharmingen) as was alkaline phosphatase conjugated
goat anti-mouse Ig(H+L) antibodies (Southern Biotechnology Associates, Inc.,
Birmingham, AL). Goat anti-mouse IgG + IgM labeled with 10 nm colloidal gold
particles (EY Laboratories, Inc., San Mateo, CA) was used in immunogold electron

microscopy studies.

Example C.4 — Immunoblot analysis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
immunoblot analysis was performed as described by Laemmli ((1970) Nature 227:680-
685) and Towbin et al. (1979) Proc. Natl. Acad. Sci. USA. 76:4350-4354), respectively.
Proteins were transferred to PVDF membranes (Micron Separations, Inc.). For the media
control experiments, purified recombinant P97 was incubated with fresh and spent Friis

media. Spent media was prepared from an early log phase culture that had been
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centrifuged and filtered through a 0.1 pm filter. Purified recombinant P97 (2.5 pg) in 20
ul phosphate buffered saline was diluted 1:1 in fresh or spent media and incubated
overnight at 37°C. Ten pl of the mixture were the loaded onto SDS-PAGE gels, blotted
to nitrocellulose and developed with F1B6 Mab. For ligand blotting, PVDF blots were
transferred, blocked and washed as described previously (Wilton et al. (1998)
Microbiology 144:1931-1943). Blots were exposed to human fibronectin (5 pg ml™)
dissolved in TS buffer (TS buffer: 10 mM Tris-HCI, pH 7.4; 150 mM NacCl) for 1.5 h,
washed, and exposed to 0.4 pg ml™ anti-human fibronectin Mabs for 1 h at room

temperature. Blots were washed and developed as described above.

Example C.5 — Trypsin treatment of M. Ayopreumoniae

M. hyopneumoniae cells (0.5 g) were treated with trypsin essentially as described
previously (Wilton et al. (1998) Microbiology 144:1931-1943). Briefly, trypsin was
added to cell suspensions of M. Ayopneumoniae at 0, 0.3, 0.5, 1.0, 3.0, 10, 50, 300, and
500 pg mi™” at 37°C for 15 min. Immediately after incubation, cell suspensions were
lysed in Laemmli buffer and heated to 95°C for 10 min. Lysates were analysed by SDS-
PAGE and immunoblotting using F1B6 Mab.

Example C.6 — Two-dimensional gel electrophoresis

Two-dimensional gel electrophoresis (2-DGE) was carried out essentially as
described by Cordwell et al. ((1997) Electrophoresis 18:1393-1398). First dimension
immobilized pH gradient (IPG) strips (180 mm, linear pH6-11; Amersham Phamracia
Biotech, Uppsala, Sweden) were prepared for focusing by submersion in 2-DGE
compatible sample buffer (5 M urea, 2 M thiourea, 0.1% carrier ampholytes 3-10, 2% w/v
CHAPS, 2% w/v sulfobetaine 3-10, 2mM tributyl phosphine (TBP; Bio-Rad, Hercules
USA)) overnight. M. hyopneumoniae whole cell protein (250 pg)) was diluted with
sample buffer to a volume of 100 ul for application to the anodic end of each IPG strip
via an applicator cup. Isoelectric focusing was performed with a Multiphor II
electrophoresis unit (Amersham Pharmacia Biotech) for 85 kVh at 20°C. IPG strips were
detergent exchanged, reduced and alkylated in buffer containing 6 M urea, 2% SDS, 20%

glycerol, 5 mM TBP, 2.5% v/v acrylamide monomer, trace amount of bromophenol blue
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dye and 375 mM Tris-HCl (pH 8.8) for 20 minutes prior to loading the IPG strip onto the
top of an 8-18% T, 2.5% C (piperazine diacrylamide) 20 cm x 20 cm polyacrylamide gel.
Second-dimension electrophoresis was carried out at 4°C using 3mA/gel for 2 hours,
followed by 20mA/gel until the bromophenol blue dye had run off the end of the gel.
Gels were fixed in 40% methanol, 10% acetic acid for 1 hour and then stained overnight
in Sypro Ruby (Molecular Probes, Eugene, OR). Images were acquired using a
Molecular Imager Fx (Bio-Rad). Gels were then double-stained in Coomassie Blue G-
250.

Example C.7 — Post-separation analyses

Protein spots were excised from gels using a sterile scalpel and placed in a 96 well
tray (Gobom et al. (1999) J. Mass. Spectrom. 34:105-1 16). Gel pieces were washed with
50 mM ammonium bicarbonate/100% acetonitrile (60:40 v/v) and then dried in a Speed
Vac (Savant Instruments, Holbrook, NY) for 25 min. Gel pieces were then hydrated in 12
plof 12 ng pl'l sequencing grade modified trypsin (Promega, Madison, WI) for 1 h at
4°C. Excess trypsin solution was removed and the gel pieces immersed in 50 mM
ammonium bicarbonate and incubated overnight at 37°C. Eluted peptides were
concentrated and desalted using Cyg Zip-Tips™ (Millipore Corp., Bedford, MA). The
peptides were washed on a column with 10 pl 5% formic acid. The bound peptides were
eluted from the Zip-Tip™ in matrix solution (10 mg ml™" a-cyano-4-hydroxycinnamic
acid [Sigma] in 70% acetonitrile) directly onto the target plate. Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) mass spectra
were acquired using either a PerSeptive Biosytems Voyager DE-STR (Framingham, MA)
or a Micromass TofSpec2E (Micromass, Manchester UK). Both instruments were
equipped with 337 nm nitrogen lasers. All spectra were obtained in reflectron/delayed
extraction mode, averaging 256 laser shots per sample. Two-point internal calibration of
spectra was performed based upon internal porcine trypsin autolysis peptides (842.5 and
2211.10 [M+H]" ions). A list of monoisotopic peaks corresponding to the mass of
generated tryptic peptides was used to search a modified translated version of the M.
hyopneumoniae genome. Successful identifications were based on the number of

matching peptide masses and the percentage sequence coverage afforded by those
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matches. N-terminal Edman sequencing was performed as previously described

(Nouwens et al. (2000) Electrophoresis 21:3797-3809).

Example C.8 -~ Immunoelectron microscopy

M. hyopneumoniae strain 232 cells were grown to mid log phase, pelleted by
centrifugation and washed with phosphate buffered saline (PBS). The final cell pellets
were fixed with 3% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) at 4°C
overnight. The pellets were washed three times with 0.1 M sodium cacodylate buffer, 15
min between changes and post fixed with 1% osmium tetroxide in 0.1 M sodium
cacodylate buffer for 2 h at room temperature. The pellets were then washed with
distilled water, passed through an acetone series and embedded in Embed 812 and
Araldite (Electron Microscopy Sciences, Fort Washington, PA). Thin sections (80-90
nm) were then washed six times with TS buffer, and reacted with F1B6 ascites fluid
(diluted 1:50), anti-ANP97 ascites fluid (diluted 1:10), anti-NP97 ascites fluid (diluted
1:10), or mouse anti-human fibronectin (diluted 1:25) overnight at 4°C. The grids were
washed five times with TS buffer and then reacted with goat anti-mouse IgG + IgM
labeled with 10 nm colloidal gold particles (EY Laboratories, Inc.) diluted 1:25 for 30
min at room temperature. The cells were then washed 5 times with TS buffer, dried,
contrasted with osmium vapors for 2 min, and stained with uranyl acetate-lead citrate.
The sections were examined on a Hitachi 500 at 75 kV.

For tracheal sections, mycoplasma-free pigs were inoculated intratracheally with
M. hyopneumoniae strain 232. At 10 and 21 days, pigs were sacrificed, tracheas were
removed and 1 cm blocks of tissue fixed with 1% glutaraldehyde overnight, dehydrated in
an acetone series, and embedded as above. Thick (1-2 pm) sections were stained with
methylene blue polychrome and examined by microscopy for regions containing ciliated
epithelium. Thin sections (80-90 nm) were then prepared for labeling. The sections were
pretreated with ammonium chloride (1%) for 1 h, 0.05 M glycine in PBS for 15 min,
blocked for 30 min in 2% fish gelatin + 2% bovine serum albumin in TS buffer (10 mM
Tris, 100 mM NaCl, pH 7.5). Primary antibodies were diluted in TS buffer and reacted
with sections for 30 min at room temperature. The sections were washed six times with

TS buffer, and then incubated with goat anti-mouse IgG + IgM labeled with 10 nm gold
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particles (diluted 1:2) for 15 min at room temperature. Both primary antibodies and the
conjugate were diluted and centrifuged briefly (12,000 xg for 5 min) prior to use. The
sections were then washed six times with TS buffer, dried, contrasted with osmium
vapors for 2 min, and stained with uranyl acetate-lead citrate. The sections were

examined on a Hitachi 500 at 75 kV.

Example C.9 — Fibronectin binding assay

Immunlon 2 (Dynatech Laboratories, Inc.) 96 well plates were coated with 100 ul
of human fibronectin (Sigma, F 0895) at a concentration of 5 pg m1” in 0.1 M sodium
carbonate. Plates were incubated at 4°C overnight, washed three times with PBS, and
blocked with 1% bovine serum albumin in PBS for 2 hr. The plates were then incubated
with purified recombinant P97 with or without inhibitor at a concentration of 10 ug ml™.
Inhibitors tested were intact human fibronectin, 45-kDa proteolytic fragment of
fibronectin (Sigma, F 0162), 30-kDa proteolytic fragment of fibronectin (Sigma, F 9911)
and engineered RGD polymer (Sigma, 5022). They were added to Eppendorf tubes with
purified recombinant P97 (10 pg ml™') at concentrations of 37.5 ugmlt, 7.5 pg ml™, and
1.5 pgml™ and incubated at 37°C for 1 hr. The recombinant P97 plus inhibitor was then
transferred to a fibronectin coated plate, which was then incubated at 37°C for 2 hr.
Binding of P97 to fibronectin was assessed by ELISA with Mab F1B6. Optical density at
405 nm was indicative of P97 binding to fibronectin-coated wells. Three replicates per
treatment were assayed from three different experiments. Statistical differences were

determined by the General Linear Model with a linear contrast based on pooled variances.

Example C.10 — Results of two-dimensional gel electrophoresis and

mass spectrometry

Previous studies have demonstrated that the gene product for the cilium adhesin of
strain 232 (126-kDa preprotein, 1036 amino acids) undergoes a cleavage event at amino
acid 195 to yield what was once thought to be the “mature” molecule (Hsu et al. (1997) J.
Bacteriol. 179:1317-1323). During peptide mass mapping studies of J strain proteins,
four spots of 22, 28, 66 and 94 kDa (subsequently referred to as P22, P28, P66 and P94,
respectively) were identified that represented different fragments of the adhesin. The N-
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terminal sequences for these proteins allowed unequivocal alignment with the cilium
adhesin preprdtein. P94 of strain J, the homologue of P97 in strain 232, mapped to a
region that begins immediately downstream of amino acid 195 until the end of the ORF.
Two closely spaced proteins at 66 kDa had identical mass maps and corresponded to a
region beginning immediately downstream of amino acid 195 of the adhesin and ending
near the R1 repeat. N-terminal sequence analysis of P66 showed a sequence of
ADEKTSS (SEQ ID NO:41) that is identical to that of P94. Immunoblotting results
using Mab F1B6 confirmed that P66 contains R1. Thus, the cleavage event must occur
immediately downstream of the R1 repeat region. These data suggest that a fragment
approximately 28 kDa in size had been removed from the C-terminus in some, but not all
of the P94 molecules. This observation was confirmed when a 28-kDa fragment was
identified that mapped to the C-terminus of P94. Also, one and two-dimensional
immunoblots of J strain proteins probed with antisera raised against a recombinant 28-
kDa protein containing R2 but not R1 (Wilton et al. (1998) Microbiology 144:1931-1943)
recognised both P28 and P94 proteins. Previously, it was shown that antisera raised
against a 28-kDa C-terminal recombinant peptide of the adhesin recognised the mature
form of this antigen (93-97 kDa) in different strains of M. hyopneumoniae and a 28-kDa
fragment only in strain J (Wilton et al. (1998) Microbiology 144:1931-1943). Tryptic
peptide mass mapping showed that peptides from P22 mapped to the first 190 amino
acids of the 123-kDa adhesin preprotein. The N-terminal sequence of P22 (SKKSKTF
(SEQ ID NO:42)) aligned to amino acids 2-8 in the N-terminus of the 123 kDa pre-
protein suggesting that cleavage of the hydrophobic leader peptide (amino acids 8-22) is
not necessary for translocation of the cilium adhesin across the membrane.

Comparative peptide mass mapping studies of strain 232 identified two spots of
70 and 97 kDa, subsequently identified as P70 and P97, respectively. Mass maps
representative of P97 corresponded to a region beginning immediately downstream of
amino acid 195 until the end of the ORF and corresponded to the most abundant product
of the 232 strain adhesin gene (Zhang et al. (1995) Infect. Immun. 63:1013-1019).
Interestingly, mass maps representative of P70 corresponded to a region beginning
immediately downstream of amino acid 195 and ending near the R1 repeat, a map that

was virtually identical to P66 in strain J. The presence of six extra copies of the R1
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repeat is the most likely explanation for the difference in masses between P66 and P70 in
strains J and 232, respectively. Consistent with these data, immunoblots probed with
antisera rajsed against a recombinant 28-kDa protein containing R2 but not R1 (Wilton et
al. (1998) Microbiology 144:1931-1943) recognized P97 but not P70 or P28.
Furthermore, P28 or P22 could not be identified on 2D gels of 232 proteins resolved by
2D gel electrophoresis in regions where they were identified in strain J. This variation
was not due to differences in sequence since P22 sequences were identical in the two
strains. This was not true for the P28 sequences, however. The predicted mass and pl for
P28 from strain 232 was 24.6 kDa and 5.88, respectively, and for P28 from strain J, it was
26.0 kDa and 8.39. It was possible that P28 was not found in strain 232 because of the
change in pl causing a shift in the gel location of the protein. It was also possible that
additional cleavage of P22 occurred in strain 232 that did not in strain J.

To rule out the possibility that cleavage resulted from a proteolytic activity in the
media used for culturing M. hyopneumoniae, purified recombinant P97 was incubated
with fresh and spent medium and then examined for proteolytic cleavage by immunoblot.
Because the medium contained 20% swine serum, large quantities of swine
immunoglobulins were present in the protein samples causing some background staining
with the anti-mouse conjugate. It was still clear, however, that neither fresh nor spent
medium contained proteolytic activity capable of cleaving recombinant P97 after 12
hours of incubation at 37°C. Thus, cleavage of the cilium adhesin was mediated by
mycoplasma-encoded activities and was not due to porcine serum or other medium

components.

Example C.11 — Trypsin sensitivity of R1-containing cleavage products

Immunoblot analyses of strain J and 232 cells digested with different
concentrations of trypsin was used to investigate the cellular location of R1-containing
cleavage fragments. The F1B6 Mab typically recognised proteins with masses of 35, 66,
88, 94, and 123 kDa in strain J and a similar pattern was observed for strain 232.
Exposure of intact M. hyopneumoniae to concentrations of trypsin ranging from 0.1-10
pg ml? showed a gradual loss of the higher mass proteins. Concentrations between 10

and 50 pg ml” resulted in the loss of all the immunoreactive proteins (except one of 35
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kDa) indicating that R1-containing adhesin fragments are surface accessible. The pattern
of digestion of R1-containing adhesin fragments was consistent in repeat experiments
except that the 35 kDa fragment was not reliably resistant to trypsin at concentrations
above 10 pg ml. Identical blots reacted with antisera raised to recombinant M.
hyopneumoniae lactate dehydrogenase (previously shown to reside cytosolically)
(Strasser et al. (1991) Infect. Immun. 59:1217-1222) and to antisera raised to recombinant
fragments of pyruvate dehydrogenase subunits A and D showed that these proteins
remained detectable with trypsin concentrations up to 500 pg ml™. In control
experiments where lysed cells were exposed to trypsin, lactate dehydrogenase and

pyruvate dehydrogenase subunit D were rapidly degraded.

Example C.12 — Results of immunogold electron microscopy

Transmission electron microscopy studies have shown that high and low adherent
strains of M. hyopneumoniae differ in their outer membrane structure. High adherent
clones possessed fibrils on the outer surface that appeared to interconnect to adjacent
cells; these fibrils were rarely observed in low adherence clones (Young et al. (1994)
Isolation and characterization of high and low adherent clones of Mycoplasma
hyopneumoniae. In IOM Letters. 1 0" International Congress of the International
Organization for Mycoplasmology. Vol. 3 Bordeaux, France, pp. 684-685). Antisera
generated against specific regions of the adhesin enabled analysis of cleavage in vivo
using immunogold electron microscopy. Virulent strain 232 was used in these studies
because these results would have the most impact on understanding pathogenic
mechanisms. R1-specific Mab F1B6 and antisera raised to peptides TSSQKDPST
(ANP97 antiserum) (SEQ ID NO:39) and VNQNFKVKF QAL (NP97 antiserum) (SEQ
ID NO:40) were used in these studies. The Mab F1B6 remained associated with the
mycoplasma membrane, but not intimately associated with the cell confirming a previous
report (Zhang et al. (1995) Infect. Immun. 63:1013-1019) and the trypsin studies above.
ANP97 antiserum showed that this portion of the molecule is located distal to the
membrane in association with extracellular material of unknown composition. In some
instances, the antibodies seemed to define fibrial-like structures still attached to the

mycoplasma cell membrane. NP97 antibodies clustered in aggregates to cytosolic
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locations, intimately to the membrane surface, and were also observed at sites distant

from the extracellular surface of the cell membrane.

Example C.13 — Fibronectin binding results

Since cleavage of the cilium adhesin occurs at amino acid position 195 (Hsu et al.
(1997) J. Bacteriol. 179:1317-1323), it was not readily apparent how the remaining
adhesin could remain associated with the cell and direct binding to porcine cilia.
Immunogold studies showed that all cilium binding R1 epitopes remained cell associated
in the absence of the hydrophobic N-terminus sequence, but apparently are not inserted
directly into the membrane. This is not surprising since no other region of the protein has
sufficient hydrophobicity to direct membrane insertion (Hsu et al. (1997) J. Bacteriol.
179:1317-1323). The possibility that other proteins may play a role in bridging R1-
containing protein fragments of the cilium adhesin to the membrane through protein-
protein interactions was examined. Analysis of the predicted protein sequence of the 123

kDa adhesin preprotein with the computer program COILS (http://www.ch.embnet.org)

revealed that the protein contained three coiled coil domains. One of these resided
between amino acids 180-195 in P22 (14-, 21- and 28-amino acid window settings) and
two were located in P97 between amino acids 367-387 (window setting 14) and 780-805
(window setting 14 and 21). These domains are known to mediate protein-protein
interactions. In addition, it was thought that the R1 and R2 domains might also play a
role in interactions with other proteins. One obvious protein to test was fibronectin, a
protein found in abundance throughout the host and shown to participate in other
bacterial-host interactions (Probert et al. (2001) Infect. Immun.69:4129-4133; Talay et al.
(2000) Cell Microbiol. 2:521-535; Rocha and Fischetti (1999) Infect. Immun. 67:2720-
2728; and Schorey et al. (1996) Mol. Microbiol. 21:321-329).

Ligand blotting studies confirmed that recombinant P97 bound porcine
fibronectin. Other fibronectin binding proteins were also identified in lysates of M.
hyopneumoniae low (lane 1) and high (lane 2) adherent variants of strain 232 and in strain
J (lane 3). The low and high adherent strains of 232 differed by the absence of a

fibronectin-binding band at approximately 50 kDa, which was also present in strain J.
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Fibronectin binding assays with human fibronectin and purified recombinant
cilium adhesin were also performed. Maximum inhibition occurred with the engineered
RGD domain at all three concentrations tested (p < 0.001). Inhibition also occurred with
intact fibronectin (p <0.001) as expected. Interestingly, the 45-kDa purified fragment of
fibronectin enhanced binding at the highest concentration tested.

To investigate the role(s) fibronectin might play in the binding of M.
hyopneumoniae to porcine respiratory epithelial cells, anti-fibronectin antibodies were
applied to lung sections showing M. hyopneumoniae strain 232 in close association with
respiratory epithelial cilia. Gold particles were localised in regions where M.
hyopneumoniae cells were intimately associated with cilia, on the surface of cilia and on

the surface of M. hyopneumoniae cells.

D. DETECTION OF INFECTION AND IMMUNOGENIC COMPOSITIONS

Example D.1 — Detection of M. hyopneumoniae infection in swine

The polypeptides displaying M. hyopneumoniae antigenicity of this invention may
be used in methods and kits designed to detect the presence of M. hyopneumoniae
infection in swine herds and therefore to recognize swine in a herd which have been
infected by this bacteria. For example, the antigens produced by hosts transformed by
recombinant nucleic acid molecules of this invention, or antibodies raised against them,
can be used in RIA or ELISA for these purposes. In one type of radioimmunoassay,
antibody against one or more of the antigens of this invention, raised in a laboratory
animal (e.g., rabbits), is attached to a solid phase, for example, the inside of a test tube.
Antigen is then added to the tube to bind with the antibody.

A sample of swine serum, taken from 1 of each 10 to 20 swine per herd, together
with a known amount of antigen antibody labeled with a radioactive isotope, such as
radioactive iodine, is then added to the tube coated with the antigen-antibody complex.
Any antigen (a marker for M. hyopneumoniae infection) antibody in the swine serum will
compete with the labeled antibody for the free binding sites on antigen-antibody complex.
Once the serum has been allowed to interact, the excess liquid is removed, the test tube

washed, and the amount of radioactivity measured. A positive result, i.e., that the tested
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swine's serum contains M. hyopneumoniae antibody, is indicated by a low radioactive
count.

In one type of ELISA test, a microtiter plate is coated with one or more antigens
of this invention and to this is added a sample of swine serum, again, from 1 in every 10
or 20 swine in a herd. After a period of incubation permitting interaction of any antibody
present in the serum with the antigen, the plate is washed and a preparation of antigen
antibodies, raised in a laboratory animal and linked to an enzyme label, is added,
incubated to allow reaction to take place, and the plate is then rewashed. Thereafter,
enzyme substrate is added to the microtiter plate and incubated for a period of time to
allow the enzyme to work on the substrate, and adsorbance of the final preparation is
measured. A large change in adsorbance indicates a positive result, i.e., the tested swine

serum had antibodies to M. hyopneumoniae and was infected with that bacteria.

Example D.2 — Immunogenic compositions

Standard methods known to those skilled in the art may be used in preparing
immunogenic compositions of polypeptides and nucleic acids of the present invention for
administration to swine. For example, the polypeptide of choice may be dissolved in
sterile saline solution. For long-term storage, the polypeptide may be lyophilized and
then reconstituted with sterile saline solution shortly before administration. Prior to
lyophilization, preservatives and other standard additives such as those to provide bulk,
e.g., glycine or sodium chloride, may be added. A compatible adjuvant may also be
administered with the composition.

In addition, compositions can be prepared using antibodies raised against the
polypeptides of this invention in laboratory animals, such as rabbits. This “passive”
vaccine can then be administered to swine to protect them from M. Ayopneumoniae
infection. Direct incorporation of nucleic acid sequences into host cells may also be used
to introduce the sequences into animal cells for expression of antigen in vivo.

The above description, drawings and examples are only illustrative of preferred
embodiments that achieve the objects, features and advantages of the present invention.

It is not intended that the present invention be limited to the illustrated embodiments.
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Any modification of the present invention that comes within the spirit and scope of the

following claims should be considered part of the present invention.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the scope of the appended claims.

Other aspects, advantages, and modifications are within the scope of the following

claims.
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WHAT IS CLAIMED IS:

1. A purified immunogenic polypeptide, the amino acid sequence of which
comprises at least eight consecutive residues of a sequence selected from the group
consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.

2. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO: 2.

3. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:4.

4. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:6.

5. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:8.

6. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:10.

7. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:12.

8. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:14.

9. The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:16.

10.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO:18.

11.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least eight consecutive residues of SEQ ID NO: 20.

12.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least 10 consecutive residues of a sequence selected from the group
consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.

13.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least 12 consecutive residues of a sequence selected from the group

consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.
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14.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least 15 consecutive residues of a sequence selected from the group
consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.

15.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least 20 consecutive residues of a sequence selected from the group
consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.

16.  The immunogenic polypeptide of claim 1, the amino acid sequence of
which comprises at least 25 consecutive residues of a sequence selected from the group
consisting of SEQ ID NOs:2, 4, 6, 8, 10, 12, 14, 16, 18, and 20.

17. A composition comprising the immunogenic polypeptide of claim 1.

18. A mutant of the immunogenic polypeptide of claim 1, wherein said mutant
polypeptide retains immunogenicity.

19. A composition comprising the mutant polypeptide of claim 18.

20. A method of eliciting an immune response in an animal, said method
comprising introducing the composition of claim 17 or 19 into said animal.

21.  The method of claim 20, wherein said composition is administered orally,
intranasally, intraperitoneally, intramuscularly, subcutaneously, or intravenously.

22. The method of claim 20, wherein said animal is a swine.

23.  Anisolated nucleic acid comprising a nucleotide sequence that encodes an
immunogenic polypeptide, the amino acid sequence of which comprises at least eight
consecutive residues of a sequence selected from the group consisting of SEQ ID NOs: 2,
4,6,8,10,12, 14,16, 18, and 20.

24.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:2.

25.  The nucleic acid of claim 24, wherein said nucleotide sequence is SEQ ID
NO:1.

26.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence

of which comprises at least eight consecutive residues of SEQ ID NO:4.
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27.  The nucleic acid of claim 26, wherein said nucleotide sequence is SEQ ID
NO:3.

28.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:6.

29.  The nucleic acid of claim 28, wherein said nucleotide sequence is SEQ ID
NO:5.

30.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:8.

31.  The nucleic acid of claim 30, wherein said nucleotide sequence is SEQ ID
NO:7.

32.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:10.

33.  The nucleic acid of claim 32, wherein said nucleotide sequence is SEQ ID
NO:9.

34.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:12.

35.  The nucleic acid of claim 34, wherein said nucleotide sequence is SEQ ID
NO:11.

36. The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:14.

37.  The nucleic acid of claim 36, wherein said nucleotide sequence is SEQ ID
NO:13.

38.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence

of which comprises at least eight consecutive residues of SEQ ID NO:16.
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39. The nucleic acid of claim 38, wherein said nucleotide sequence is SEQ ID
NO:15.

40. The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:18.

41. The nucleic acid of claim 40, wherein said nucleotide sequence is SEQ ID
NO:17.

42.  The nucleic acid of claim 23, wherein said nucleic acid comprises a
nucleotide sequence that encodes an immunogenic polypeptide, the amino acid sequence
of which comprises at least eight consecutive residues of SEQ ID NO:20.

43.  The nucleic acid of claim 42, wherein said nucleotide sequence is SEQ ID
NO:19.

44.  The nucleic acid of claim 23, wherein said nucleotide sequence is selected
from the group consisting of SEQ ID NOs: 1, 3, 5,7, 9, 11,13, 15, 17, and 19.

45. A vector comprising the nucleic acid of claim 23.

46. A host cell comprising the vector of claim 43.

47. A mutant of the nucleic acid of claim 23.

48. A vector comprising the mutant nucleic acid of claim 47.

49. A host cell comprising the vector of claim 48.

50.  The vector of claim 45 or 48, wherein said nucleic acid is operably linked
to an expression control sequence.

51. A host cell comprising the vector of claim 50.

52. A composition comprising the vector of claim 50 and a pharmaceutically
acceptable carrier.

53. A method of eliciting an immune response in an animal, said method
comprising introducing the composition of claim 52 into said animal.

54.  The method of claim 53, wherein said composition is administered orally,
intranasally, intraperitoneally, intramuscularly, subcutaneously, or intravenously.

55. The method of claim 53, wherein said animal is a swine.

56. A method of determining whether or not an animal has an antibody

reactive to the immunogenic polypeptide of claim 1 or 18, said method comprising;:
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providing a test sample from said animal;
contacting said test sample with said immunogenic polypeptide under
conditions permissible for specific binding of said immunogenic polypeptide with said
antibody; and
5 detecting the presence or absence of said specific binding, wherein said
presence of specific binding indicates that said animal has said antibody, and wherein said
absence of specific binding indicates that said animal does not have said antibody.
57. The method of claim 56, wherein said test sample is a biological fluid.
58. The method of claim 57, wherein said biological fluid is selected from the
10  group consisting of blood, nasal fluid, throat fluid, and lung fluid.
59.  The method of claim 56, wherein said immunogenic polypeptide is

attached to a solid support.

60.  The method of claim 59, wherein said solid support is a microtiter plate, or
polystyrene beads.
15 61.  The method of claim 56, wherein said immunogenic polypeptide is
labeled.
62.  The method of claim 56, wherein said detecting is by radioimmunoassay

(RIA), enzyme immunoassay (EIA), or enzyme-linked immunosorbent assay (ELISA).
63. A diagnostic kit for detecting the presence of an antibody in a test sample,
20  wherein said antibody is reactive to the immunogenic polypeptide of claim 1, said kit

comprising the immunogenic polypeptide of claim 1 or 18.
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ATGARAAARA
TCAACTGCAR
ACTGAAAATC
TTTGRATTAG
TATGATCTAA
ARAGCAGTTG
ATTAAACCGC
TTTATTGCTT
CARATTTTAG
GGARAAAAAA
CTAGAAGAAR
AATAATARTC
AAAAATTATA
ATTCGGCTTG
CCAGACCTGA
GCAGCGTGAR
CTAGTTAGCC
AAAATCCTTA
GCAATTTCGAA
ACTATCGAAT
AGCGCTTTTG

GAAATTATAG

AATCCGATTA
CCATTTTCAC
TCAGATGGRA
ACTGARARRA
GTTGATGGTT
TATTCCTTAG
RGCGCTGAARA
AGRAATTCTA
TCAGTTGAAA
AACCCTGTAA
AARARTGGTT
AAGACARGAA

TACCTAATTT
TTCCTTTAGG
CCTTTGARAA
CAARAAAGCAA
GTAATGCAAC
AARTTARAGG
AAAATTTTTT
TTGRAGAGGC
AACCARARART
CAGAAATTCC
AAATCARGCT
CTTTGATATC
TCACRAARCRT
AAATAAATGT
ATCAGTARTGC
CTAGTAARAA

AACTTTATIT

AAAATCAACT
AAGTGCTTAA
TTAGTCTRAT
ATGATGCAGR
ATTTATCIGA
AATTTCAGCA
GGCTTGATIC
ACGGTCTITT
CTACGCAARA
ATTTTATCGG
CTAATTTATT
TAAATCAARA
GTCCTTTITC
TTAGTGCTTT
GTCAAAAATG
CTARCRACGA
ATTTTGCCCG

TAAAGGATTT
TATTTGGTCA
TAATCTTGGA
GATTTATAAT
AGCAAGTGGA
TTTTTCTGAT
AAGTTTTGCT
GCTTATTCRA
TTTTGATRAT
CTTAGAAATT
CAARGGAAAGT
AACRACAAAA
AAATTTTAAA
TGATATCTCA
CAGGATTTIT
ACTAGTAAAT
ACTTGATTIT
AGTTARAGTC
TATTCAGCGT
TTCAAATARA
TAAATTTTAT
TAATAATATT.
AAACCAATCA
AGGGCTARATT
TATTCAAAAG
TTCGGATATT
ACTTGACTIT
CCCACCTGAR
TTTAGACAAT
ACTTGAAAAA
TTCATCATCA
GTCACCATTT
AAAAATTAAC
CGATCAAATA

TTTAATAAAC
TATAATCGCG
AMATTCTTTG
CTTGACCTTT
ACTGCRATTA
AARRATATIG
GAGTTTAGCA
CTTGGAGGTT
AATCTTAATT
AACGGAATAA
ATTCRAGCTG
AATTTTGAAA
ATCRAAARAA
AAGTGAGTCC
GCACAAARTC
ATAATAAATA
GGCARAATTG
CAAGAATTTA
AATTTAATAR
AATAAGCAAA
CCAACTTTIT

CATTTTGAGG-

RRAAACAARAG
TATTTAGCAT
ATTARANATT
ACCTTTATCA
AARCAGATAA
TTAATTGATA
CTAGCCATAG
AGTAAAGARA
AATTATCAAC
CCGAATTATC
AAARAATAGCA
AGAAMCGCCT
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CAGCAAAAAT TGTAACTAGC
CTTATTATCA AAAATTAAAT
ATAATTIATT CATTAGTAAT
TAACGTTAAT TAATCTTGAT
AAAATATTGT ATTTTTTATA
AAAARRATCT TGCTARAATIT
AGGAATTACA AAATCAATTT
CGTATAATTT AGTTAACAGT
TTACAAACCA AGGGAATAMA
CCCCTGATTT AGACATTAAA
AATTAATTAG GGARAAATTTA
ACTTATTTIGA TTATGTACAA
ATAGTGRAAT ACCTGCTTTA
BAACRAAARCT AATTAAAATT
TACCCGAGCC ARAATCTGAG
AAATTAAGGA ATTTAACAAT
GTGATGAAAT TGCTATAGAA
GTGATGATCA GGTTAATAAA
ATGATGATAT AAGCTCTGAT
AATTAGCCAC AAGAAAGATT
TTCTTGATGG CAAGTCATCT
ATGATTTAGA TAGTAAARAAT
AAAATATTGC CAGAACAGTC
TTAAACCAAR AAATATCAAT
TTAAATTTAT AAATAAAAAT
AACCCGAAAA TTTAGACCAA
AAAATTTTAR ATCATTTCAG
AGCRAGCACT AATTCTTGGG
TTGAACTTGC AAATCGAATT
TARTCGRRGA AGACCAAGAT
TAAATTCAAA AACATCACTT
TAAATCTTGA CTGGGCCCAA
GCATAATTTT AARAGGAATA
TTATTARARGC ATATATARRAR

Fig. 1

ATTTTGCTTC
GAAAAATCAC
CANTTCAAAG
ARACTATACC
AGAACTAGCG
GARATTGATG
ATTAAAACTA
CTCGGCTTAC
ARTTACCTTA
AATGAAATAA
TCACTTGCAA
AGCGAGCATC
GAACTTAATA
TTAAATTTTA
GTATTCTTAC
GAATTAGACC
AATTATARAR

ACCACAATCC
AARAAGAARG
TCATATTTGT
CCTAATTCCT
GGCGRAAATC
ADTGTCCTTG
AATTTARRTG

ATTGGGCCAR-

GCAGTTTATA

PCT/US2003/020460

TAAGTGGTAT
AAAATTTAAG
AATTATCAGC
ARARAARTTA
ATCARCGGCA
AAAARARATC
GCAARAACCCA
CAACTTTTAT
ATTTTATCTT
TTAAGTGAAT
AATCATTTTA
TAATTAATAC
ATTTGCTAAA
AGTTTGATTG
TAAAAAAAGA
CAGAAAATCC
GAGAATTAAT
ATGAAAARAG
ATAATAAGGA
ATATTGTCAG
CAGRCAATAR
ARGAAGGTTT
GCCCARGTTT
ARCATTACCT
BAGGGATTGC
ATGARRCACA
ACCAGAACAR
GAAAGCCAAT
GTTTTTATCG
AAATTATCAA
GAAAARMCTAT
ATCCAAAAAA
ACGATCCAGA

(SEQ ID NO:1)

TATAACTATT
TATTAGTCAR
TAGTACAGCA
CCAAATTAGT
AATTTTTTCA
ATCAATTTCA
AARAACAAACA
TCATAAAGGG

BAANGGCTAT
TARACTARCA
CARATCAGCA
ACTTGCAGAC
AGGACTARRA
ACARRAACAA
ARRAAGCCTT
CCAGGAACTA
AACTCCGTGA
CTATAATATT
AACAACGGAT
ATTAACAACA



WO 2004/003161

MKKIPNFKGF
FELAKSKIYN
IKPQNFLSFA
GKKTEIPLEI
KNYITNINFK
ARWTSKKLVN
AIWKVLNIQR
EIIDLSDNNI
SDGNGLFIQK
YSLANLFPPE
SVEISAFSSS
KTRNFARDQI

FNKPAKIVTS

-LDLLTLINLD

EFSKELQNQF
NGITPDLEIK
IKKNSEIPAL
IINKIKEFNN
NLINDDISSD

HFEDDLDSKN

IKNFKFINKN
LIDRQAVILG
NYQLNSKTSL
RNAFIRAYIK

ILLLSGIITI
KLYQKNYQIS
IKTSKTOKQT
NEIIKWIKAE
ELNNLLKDDK
FLDPENPDIK
FILDNKEGDF
QLTQEGFKLT
TTIQGIAGLK
PNSWKPIKNF
NLNGKTIYNI

STAIPLGIWS
YDLSNATASG
FIAFEEALIQ
LEEKIKLKES
IRLEINVDIS
LVSQLYLLDF
TIEFSLISNK
NPIKFQQNQS
TEKTTQNSDI
SAEINQNLDN
NPVSQKWSPF

(SEQ 1D NO:2)
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YNRAYYQKLN
TAIKNIVFFI
LGGSYNLVNS
IQAELIRENL
KWVOQKLIKI
" GKIGDEIAIE
NKQKLATRKI
KTKENIARTV
TFIKPENLDQ
LAIVELANRI
PNYLNLOWAQ

_‘Fig. 2

EKSQONLSISQ
RTSDQROQIFS
LGLPTFIHKG
SLAKSFYVDK

LNFKFDWDLK-

NYKRELIITA
KISNIVSSEM
NISSPSFKSA
KNKDETQQKQ
GENRFYRQEL
IGFNPKKTTD
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TENPFENNLG
KAVEIKGFSD
QILEPKIFDN
NNNPLISTTK
PDLNQYARIF
KILKNQLVKV
SAFDDAAKFY
PFSRLDSGLI
VDGYFIGLDF
RNSSPFSLEK
KNGSNNEKIN

KFFDNLFISN
KNIEKNLAKF
NLNFTNQGNK
NFENLFDYVQ
AONLPEPKSE
QEFSDDQUNK
PTFFLDGKSS
YLAFKPKNIN
KQIKNFKSFQ
SKEIIEEDQD
KNSSIILKGI

QFKELSASTA
EIDEKKSSIS
NYLNFIFTNE
SEHLINTNKI
VFLLKKDENS
AQNNEKSLGK
FSKSDNKKGY
DYKKHYLLAD
SYLYQNKKSL
IVLEIIKTPW
AVYNDPELTT
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ATGCAGGCTA
ACTTCTGTCG
AGTTTTAAAC
AATCTTGAAG

ATCTATGAAA
GCTTTAATTT
AATARTCCCT
TATAATTTTA
CGATTAAATC
AATCCTTCGG
TTTGGACTTT
TTTGATAATA
AAATCAATAA
ACAGCTAGAA
TATTATAAGG
GAAATTTCAA
AATTCTGAAA
TATANTGCCA
CCAATTCAAA

ATTTGATTGG CAGATTTATC AAAAATAAAA
GAATTAGTTT AACAATTARA TATAATGGTT
CTGAGCAAAT TAGTAAAART AGTAATTTCT
AGTATCTCCA ATTTTATATT TTTGATAAAA
TTAGTGATTT AAAATTTGAT GATTTAAACC
CGGATTTTTT CAGCCAACCA ATTACATTTT
AAATTAATGA AAATATTTTA AATATAGGTA
CAATTGATTT TGCGCAAGAA GTTAATAAAR
TGATTTTACA AGCACGCGAA TCGAAAGATA
ATAATCAATT TGTAAATCTA CAAGATAATA
TTCGTCAAAA CTTTAGCGAA AAAATCTTTG
AAAATATTAA ACTAAAACCA CTAAAATTTA
CAAAAATTAA ATCCGGAATT TTATCTGCCA
TAGATTTTGG GCCGACTTCA ARACTAATTC
AAAATGATAA TTATATAATT GARATTCCCT
AAGAGTTGTT TTTAAGTATT GGCGGCTTIG
ATCGGAGAAA TTCACTTTTT AATGATGAGG
TAAARARAAGA AGAAATTGAT ARTTTATTAT
ATTTTGATAA TTTTGAGGCC ARAGTTCGGEG
AACARAAAAT TGATATAAAT TCACAAAATC
ATGTAACAGC TTTTTTTGCT GATTTAATIC
TRAATCAAAR TCGGACTGCT TCGCAAATTT
AAACTACAAA TATTTTAAGT TTTAATAATC
AAGATAAATT CAATAATCTA AAAAGCAAGT
AATTTACAAG ACAACAAATT GAGGAAAACC
CTAGTCAACT TGATAATTTT TTAGGGTGAA
AAGCTCGTTA TGATTCTGAA ATTCAGAAGC
TTCAACCAGA ATCTAAAAAT TTAGACTCTG
ATGTTGATRA TGAATATCTA ACATTAAATT
ARATTTTAAT AAATTTCTCA ACTCARAAAA
ATTTGTTAAR TTATAGTGTC AGTGAAGAAR
ACAATAATAA CGATTTAGAT TTATATTTTA
AGGAGACAAA ATTTTTACTT GAACCAAGTT
AGGATAARAA TCCCARAGAT TTARAAGCTG

TPATAATAAC ARAAAATTCT AAAAAT (SEQ ID NO:3)
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AAGCAATTTT
CTCACCCGCG
GAAAAATAAA
ATTCTAATGA
AAAATTTTAA
ATGAATCAAA
ATTTTACCAC
TTGRAAATCC
ATAARATTGG
TCCCAACTAT
AAATTAGATT
RCACTGAAGA
RTACTARCCA
CACAAAATCA
ATAAAATTTT
GTATATCARAA
ARAGTCCTGA
TGCAACAAGA
CTTGATCTGG
AAGAGCAAAA
AGAARAAACC
TTAATAACCT
ATTTCGCTGA
CAATTTCTGA

TAARAATCARG -

CRAAATTAGA
TAAARAARCC
ATARTARACAT
TTTACTATAT
TTGATGAAAA
ATTTTAAARA
AAGAAACTTC
TTGARARACTC
ATAATARAAA

Fig. 3

GGTACTAGCT
GGCARAAGTT
AGAARAATTG
TTTGGTTAAA
TCTTAAATTT
TARATTTTTA
ARATTTTICT:
ARACGRGGTT
ARRAACAGAA
GTATCTTGAG
TGRAACTAAT
RARRRGACGGA
RAATTACATA
ARACGGRATT
CCTTAGAGAA
TAAARATGGT
ARATAAATTT
TTATAAAGGT
TAAGACATAC
AATTGAACTA
ARGCCAAATA
GGCTGGAGAR
TTTTTATAAT
TGTAATTAGT
TGTTAAATTC
TACCAATTTA
CGAATTAAAT
ARAARAATCA
TATTGGTGAT
TTCTAARATA
AATTAAGGAA
CATAAATATT
ACTAAATACG
TGATGAAAAT

PCT/US2003/020460

TCAACTTTTG CTGGGTTAAT TTTATTTACT
AATGAATTTG CACAAAAAAT TAGTTTTCTT
TTTTCCGGTG ATCAGCTTAA AAAAGAAATA
TTCTCAAARG ATTCAAATCC TTTTTCTATT
CGTGTTAGGC AAAAACAAAA ‘AAATAATCAA
AAAGCAGATT TTAACTTTGT TCTTCAARAA
GATCAAACTA GTAAAAAAAA ATTAAAAAAG
GAGGTCAAAA TAAATGAAAT TTTCCCTGAA
AATCCGATTT TTAGTCTTAR ATTTATARAA
GCARAATTAN CTGATCAAGC CGCAAAAATG
GATAAAAAAT CATTATTTTT CAATGTTIGAG
AAATTAATAA TAACTAAACT GAATCCTTTT
AAAGGGGTTA TTAATTCTTT ATTAGAAGAG
AGTTTTGAAA TTATCCAACA AMATGCTARA
TCCTTATTTA AACCTGGTTC ACAARAAATT
CAAAATCTAA TAATTCCAGG AAGCCAGAARA
ATTTCAACTT TTGGTCAACC GOCTCATITCG
TTAGRRAGAC AGCTAAATTC ATTATCACGG
TTACCTAGTT TAACAGAAAT TGCAAATTTT
AAAACACTAC ATTCACAAAG TTTTTTTATA
GCAAATAGTT TTTTCTTAAT TGCAAAGGCT
BATATCTTTG AAGCTAGTTC AARAATTGAT
CAAGGGTTTT TTTCATCCCT TTTTCTTCCA
ATTTTAGAAG ACCAAGAACT TTTTAAAGAA
ACAACATTGG CCGACCTTCT TTTAGCTTTT
GATTATCAAR TTGTGTTTCA AAAAGAAAAT
TCTTTAGAAA AACAGGAAAA CTTAAATAAA
ATAARTGGAR ATTTAGAAAAR AGATAATACT
TCTAGTCAGA AAAAATTTTT CTTTCAAAGC
CAAGRRAAAT TCGATAAGGT AGTTGAAAGT
ARATTARCAAR ATAAGCATIC' ACCTGAACCA
GATRAAATTA GTTCTTATTT TAAAGAACAA
GATARACTAR CCTTTTTAAT AAGTTTTTAT
AGCCCGATAA ATCCAATTAT TGCAAGGCAG
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MQANLIGRFI
NLEEYLQFYI
MFRQINENIL
NKTNNQFVNL
DIFSKIKSGI
IYEKELFLSI

YNFNFDNFEA -

FGLLNQNRTA
TARKFTRQQI
NSEIQPESKN
VPADLLNYSV
LINKKDKNFKD

KNKKAILVLA
FDKNSNDLVK
NIGNFTTNFS
QDNIPTMYLE
LSANTNONYI
GGFGI SNKNG
KVRAWSGKTY
SQIFNNLAGE
EENLKSSVKF
LDSDNNIKKS
SEENFKKIKE
LKADNKNDEN

STFAGLILFT
FSKOSNPFSI
DOTSKKKLKK
AKLTDQAAKM
KGVINSLLEE

ONLIIPGSOK
LPSLTEIANE

NIFEASSKID
TTLADLLLUAF
INGNLEKDNT
KLTNKHSPEP
SPINPIIARQ

TSVGISLTIK
EFEFSDLKFD
LYRAIDFAQE
LGDIGONFSE
DLALDFGPTS
ALIYRRNSLF
RLNQQKIDIN
FDNKYTNILS
YYKASQLDNF
YNANVDNEYL
KNNDNNNDLD
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YNGSHPRAKV
DLNONFNLKF
VNKIENPNEV
KIFEIRFETN
KLIPONQNGI
NDEES PENKF
SONQEQKIEL
FNNHFADFYN
LGWTKLDTNL
TLNFYYIIGD
LYFKETSINI

NEFRQKISFV
RVRQKOQKNNQ

EVKINEIFPE'

DKKSLFFNVE
SFEIIQQONAK
ISTFGQPVIS
KTLHSQSFFI
QGFFSSLFLP
DYQIVFQKEN
SSQKKFFFQS
DKISSYFKEQ

KLXIIITENS KN (SEQ ID NO:4)

‘Fig. 4
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SFKPEQISKN
YAYSDEFSQP
LSNLILQARE
NFFQNIKLKP
LKNENDNYIX
NNPLKKEEXID
NFSIVTAFFA
KSTKDKFNNL
EISKARYDSE
PIQKILINFS
FPKEETKFLL

SNFWKIKEKL
ITFYESNKFL
SKDNKIGKTE
LKFNTEEKDG
EIPYKIFLRE
NLLLQQDYKG
DLIQKKPSQI
KSKSISDVIS
IQKLKXPELN
TQKIDENSKI
EPSFENSLNT

FSGDQLKKEL
KADFNFVLQK
NPIFSLKFIK
KLIITKLNPF
SLFKPGSQKI
LERQLNSLSR
ANSFFLIAKA
ILEDQELFKE
SLEKQENLNK
QEKFDKVVES
DKLTFLISFY
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ATGRACCAAT
GTTGTAGCAG
TTAAAATCAG
ACAGCAAGAA
TCATTTAAGA
CAAGTTACCT
GAGCTTTCAG
CAAGTTGCAT
CRAGGTTTGC
ATAAATGAAA
TCTATTACTT
CTTAAAARAC
TTATCATTGT
AAAAGGGTGG
TTCGAGAAAG
GTTAATTCAA
AGTCTTAAAR
CTAGCAARAA
AGTGCAAAAC
TTTAGTCCAA
AGAATGGAAA
TTAGATTTCC
GCTACACCAG
AATTCTAATG
AATTCAAATT
GAACAAGTAA
CTTGGATTAA
TTCAATGATC
TCGCGAARACC
AGAAGAAACC
GAAAAGGCTA
AATGCTARAA
ATTCTTGTAG
TCTGTIGGTT
TCCAARCTCG
ACCCARCAAT
GATCCGAACC
CCTGAGCATA
AATAATACCA
AGTATTGATC

TTGACGAARA AGAGAAACAA CA’_I‘AATAAAG
TCCCARTTGG ACTAACAATT TTTGAGAAAT
ATTCAGATCA AATCTTCTCA GAAGRAGATT
TGGCATTAGG TCTTGCCAGG GAAGCAGCTA
TTTCTTTGGA TATTTCCGAT GCCTTTGCGG
ATTCAAGACT AACTTCTCTA AAAGGTTGAA
GTCTATCACT TTCTTCCCTA GCCCCTGAAA
ATAARRABRAC AGGATCAAGA GCCGAGGCTT
CCACTATGCT CCAAAAGGGT TATGTGCTAG
ATGACCGTGC AAGGGTTAAT AAACTACAAA
TTGAACTCTG AGATCCAAAT GGTAAATTAG
AAGAGGARRA AGTACTTCAA AAGGTRACTG
CTGAAATTAT CTATAAAAGT G&TAATMTC
ATAATAATAC ATCCACTACT ARATTTCAAG
CAAAGGARAA TTTCCTTAGT TTTTTIGATC
TTAATTTTGA TAGAAARTATT GAAGARRATG
AAGTTGTTAG CGATATTAGA GCCCCTTATT
TAGCTAAGGS GTCARAATTCA AAAGTTGTCC
AAAGAGAAAT AATTAATACT TTATTAARGG
TAGATCTTAA CAATGATGAT CTATTAGCAR
ACTTAGTCAA AGAGGTTATC CAATATARAA
ATCATCTACC TCAARAGTAAR AAAGACCTCG
CAAGTCAAGC AAARACCAGAT CAAGCARAAR
ATTCTARTAG TARAACCACT TCTTCTTCAA
CAGCAACAARC AACTTCAACA ACAACACAAG
AAGAACAAGA ACAAAAACAA GAAAAAGCAA
TTCTTTGGGA TTTCCTAGTA AATTCAARAT
GTCTAAAART AACAGCGATT CTAAAAGAAA
TTATAATAAA AGGGGTTATG GCTAATAAAT
AGATTAAAARC CGAAAGAGRA GGACARCTAA
AGCTCGAGAT CACCGAGGAA GGACTCCGTG
GCAATACTAA CTCCAAACCA AATAARAAGT
CGATCTGGGAA TAACGCCACC AAAAACGGAA
CATTAAAARC CGAAGGTGAG ACAGTCCTTG
AAAACGAAARA TCAATCAGAT AACAATCAAA
CAGGGCGARA TCAAATTAAA ATTACARACA
AAATTGATGT AAGACTTGGT CTACTAGTAC
TAACAATTGA TTTCGCTGAA GCGACAAAAT
ATACCCAAGC CCAAGACGAT GAAGGTGATG
AAGCCGCTAC TCTTGAAAAR GCAGAGAGAT
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CAAAAGCAAT
CATTTAGTTC
PTATAAGAGC
ATGCCTTTAA
CTAATAAAGA
AAGRAGAAGA
GCGCGCATCT
TTCGCCAGGS
CCCCCAAAAC
ARGTAGAAAR
TATCCGAATA
AATTTGTTGA
CGGAGTATCT
AAGAGGATCT
TARGATCGAG
AARAAGARAA
TAGTTTCTAG
TTTTAGATCT
AARARTCCAGA
TCGAATTTCA
AGGAAGGTAA
AARGRATATAR
ATGAAAAAGA
GTATGATGGC
CAGGCAGCAAC

ATACATCCCA
ACATTGACTA
TTTGAAATCA
TTAAAAAAGG
TAGTCCTACT
GCTCCAGCAA

TATATARACA

Fig. 5

TCTTTCAACC
CCAAGTTTCA
AGTTGAGAAT
CTTTTTAGAT
AGTAAAAGCG
TGATTTTGGC
TTTAGCCTCA
CTTGATARARA
AATTGAAAAT
TCTAGCCTTT
CGATTTTAAA
GATTAAACCT
TAGGAAAATA
TAAAARCGAA
ACTAATTCCA
ATTATTAAAA
TCAGGTTAGA
TGGRARTTTA
AAGAGRAAAA
ATATGAGGAT
AACCTTCCTA
AGAARAACAC
AGTARAACCT
GGGTACAACC
TTCAGCCTCT
CCAATTATTA
ACCAGGAACT
GGCAAAGTCA
CTTAGTCCAA
GTTAGCTTCC
TGGCACTAAG
AAAAGGGTCT
CARCTCCARAT
TAATAATTCC
CCCAAGTACG
AACAACTACT
ACTTCATCTT
TGATTTAAAT
CCTAAAAGGA
CTTTATGGGG

PCT/US2003/020460

GGATTTTCGG TTACATCAAT TGCAACTACA
GGAGGAGTCG ATAAGAACAA AGTTGTGGAT
CTTAAACTTT TTGATAAATA TAGACATCTA
ACTTACGACT ACACCCCAAT TACAAAGCAT
GTAGTAGTTA GTGCATATTC CCAAAAATAT
GATGATATTA TAGATTATCA AATTAATCAA
GAAATGGCTT TTCGGCTTGA TAATGACTTT
AATTATCTTG GTTATAACTT AGTTAACCGC
AAAAATGCAA GCGAAGAAAA ATTAGTAAAT
AMAMACTTAA GCGATCCAAA TGGAACGCTT
ATTAAGGGAA TCAAAAAACT TGATTTTGAT
TATGTTCAAT TAGGTTTAAT CCGTGATAAT
TTAGCTAAAC TAAAAGAACA CAATAACAAC
CCAAATTCTA ATGGATCAGA ACAAGATTCT
ATTCCCGATC TTCCTTTATA TTATCTTAARA
AATGAACAAG TAGTACTCAA AGTAGATTTT
TCARATTATC CCCCGGTTTT GAARGCTTCG
TCTTGAAGAT TTAARGTTCA ACTTGATTAT
GAATTACAAG CTAAAATTGA AAGTAAGACG
ARCCCTGAAG GAGATTGAAT AACTTTAGGG
GATGATGARG TCGCTAAARC ACTTTATTAT
ARAARCAAGT TTATTAACGR AATAAARCCT
GAATCAGCCC AAGCAGAATC TTCATCTTCA
CAAACAAATA ATTCCTCTAC AGAAACAACA
TCGGCTAARG TAAAAACAAC TAAATTCCAA
GATACTAAAA GAAATARRGA AGACTCAGGG
ACCTGAGATT TCCATGTTGA ACCAGATAAT
AATCCAGATA GTAAARACCT AACTTCCCTA
GRAGATCCAG TACTTCTTGT AGATTATACA
CCTCAARATGG CATCTCCTGA AACTAGTCCC
ATAARRGAGA. CAAGARRRAG CACAACCAGC
ATAAARRACC CGGGARACRAA AAARGGAATGA
ACCCAAATAT GAATRACCAG ACTAGGAACA
CAAGGTGAAG TTCTCTGAAC TACTATTAAA
CATAGTTTAA CAACCAATTC TCGATCAAAT
TCGCCGGCCC AAAGCCCAAT ACAAAATCCT
TGGTGGATTG CTAATGATAG CTCTGATGAG
TATGTCGGAG GGCTTTTAAA AAATACTACA
TPAGGGATCT ATGRATTTCC TGATGATGAA

CTATTTAGGG AR (SEQ ID NO:5)
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MNOFDEKEKQ
: TARMALGLAR
. ELSGLSLSSL
INENDRARVN
LSLSEIIYKS
VNSINFDRNI
SAKQREIINT
LDFHHLPQSK
"NSNSATTTST
" FNDRLKITAI
EKAKLEITEE
SVGSLKTEGE
DPNQIDVRLG
SIDOAATVEK

HNKAKAILST
EAANAFNFLD
APESAHLLAS
KLQKVENLAF
DNNPEYLRKI
EENEKEKLLK
LLKENPEREK
KDLEEYKEKH
TTOAAATSAS
LKENTSQAKS
GLRVKKGGTK
TVLGISNNNS
LLVODKXLHL
AERLYKHFMG

GFSVTSIATT
TYDYTPITKH
EMAFRLDNDF
KNLSDPNGTL
LAKLKEHNNN
NEQVVLKVDF
ELQAKIESKT
KNKFINEIKP
SAKVKTTKFQ
NFDSKNLTSL
IKETRKSTTS
QGEVLWTTIK
WWIANDSSDE

VVAVPIGLTI
SFKISLDISD
QVAYKKTGSR
SITFELWDPN
KRVDNNTSTT
SLKXVVSDIR
FSPIDLNNDD
ATFASQAKFD.
EQVKEQEQKQ
SRNLIIKGVM
NAKSNTNSKP
SKLENENQSD"

-FERITIDFAE

LFRE (SEQ ID NO:6)
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FEKSFSSQVS
AFAANKEVKA
AEAFRQALIK
GKLVSEYDFK
KFQEEDLKNE
APYLVSSQVR
LLAIEFQYED
QAKNEKEVKP
EKAKETNQLL
ANKYIDYLVQ
NKKLVLLKGS
NNQIQYSPST
GTKFNYDDLN

Fig. 6

GGVDKNKVVD
VVVSRYSQKY
NYLGYNLVNR
IKGIKKLDFD
PNSNGSEQDS
SNYPFVLKAS
NPEGDWITLG
ESAQAESSSS
DTKRNKEDSG
EDPVLLVDYT
IKNPGTKKEW
HSLTTNSRSN
YVGGLLKNTT
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LKSDSDQIFS
QVTYSRLTSL
QGLPTMLQKG
LKKQEEKVLQ
FEKAKENFLS
LAKIGKGSNS
RMEKLVKEVI
NSNDSNSKTT
LGLILWDFLV
RRNQIKTERE
ILVGSGNNAT
TOOSGRNQIK
NNTNTQAQDD

EEDFIRAVEN
KGWKEEDDFG
YVLAPKTIEN
KVTEFVEIKP
FFDLRSRLIP
KVVLLDLGNL
QYRKEGKTFL
SSSSMMAGTT
NSKYKTLPGT
GOLIWNQLAS
KNGSSSNNSN
ITNTQRKTIT
EGDGYLALKG

LKLFDKYRHL
DDIIDYQINQ
KNASEEKLVN
YVQLGLIRDN
IPDLPLYYLK
SSRFKVQLDY
DDEVAKTLYY
QTNNSSTETT
TWDFHVEPDN
PQMASPETSP
TQIWITRLGT
SPAQSPIQNP
LGIYEFFODE
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AACGATAAGA
CCTATAATCC
AAAGTAATCA
TTTCTATTAT
TCCAAAGACT
ATCAAACCAA
ACARAAGGGA
CARARATTAR
AAGGGATGAA
ATATAATTCA
ATGCTGACTG
AAAGAACTTG
TTGAGARAAT
CAAGGACATT
CAAAATGATS
CCCTGAAGAR
TCTATCGCGG
TITTAATATCT

AAAAATCAAC
CAAGGAGTAA
AACCTTTGAT
TCTCGSAATT
CTTTTACCAC
AATARAGCCG
CTCTAAAAGC
TGAGCTAGTG
TTTCTTRAGT
TTGGAGGCCA
AGAATTGAGA
AGCTCOGTAAT
CAATTACAAA
TTTARATTAG
TGAAAAAGAA
ARAGACTTCC
CTAGCARAAT
ACTTTTTGAT
CTCCTGTTTT
CTTCAATTTG
TTTACTTGAT
CTCARAACTC
ATCATTGGTG
TTATCTAGGT
TTTCTAATAR
TATCAATTAA
ATCCARATTA
AATTAGCCAC
ATTCCCCAAA
CCCTTATTIT
AACAAAMACT
TTCCGCGTTG
ACCAGAAATG
AAATACCAGT
GAGCTCGGTC
AAAAGACGAG
AAAATGAAGC
AATGAAGACT
TAATAAAAAT
AATATTTGCT
TTTAAGCAAG
GGATGCTTCA
CAAATATTCA
AGTGATTTTA
GGGSTCTGCA
AAGATAATAC
GAAAACAGCA
TGTCCTTACA
ATAACCARAT
ATGTTTAATT
AACAGGAGAT
CTAAAAAAAT-

ATTACTATTA
TATCTCAATT
CCAAAAAGTT
TAGCCCCGAG
TTGATATGCC
CTTGCACTGA
AAATATTCGC
ATCTTARATCA
AGTATCGATT
ATCAGAGACA
AARTTTAGTTT
CTTICGGTTTT

AAAATTATTC,

ATAACTTCCG
ARATCGAARA
TGAGAATTCC
CACAAATTCA
GTRARTCCAA
CCARRATAAA
AAGGATATGA
TTTAATAATT
TARTAGCCCT
ATGARAACGA
GATAAACTTA
CTGAAATTAT
RATTCCATTA
GARGCAGATA
TTCCTTAGCA
TTAGTTCAAG
AGTACTAATT
GGCAATTTTA
ARTTTAARTT
AGTGCGGTTC
GGATGGCAGT
TAAAGACCGA
TTTAATATTC
TGGTGACCAT
GAAGAAGTAT
ATTAAGCCCG
TCAACGATCA
ATTTTATTCA
ARTRAAAANAG

TCCTGATCAA

TTACTAATTT
TATCTCACGT

ARARCTAATT

GTATGAATTC
ACARATGCTC
PGCCGLGCTA
CCGGTAATAT
TCTAATGATG
AGTAGAA

GUCACAGEGG
AGGACTGATT
CAGAATTTAC
GATGATRAAG
CARAGCGGCC
CCCGTTCAAG
TTACAGACAG
AGATCAARAA
TARAAGCRAG
ATTACTAGTA
ATATGAATAT
CATTAGGRAR
ATTGAATTAC
TGATGTTGAA
ARGGTCTTAA
CCGATTCAAT
AGAACTAATT
GAATTCCGAG
TGATCACTTT
AAATCTTCCT
ATTATGACGG
TGAGAACAAG
ATTTGATCAR
AAGTTAARCC
TATCAAGATT
TGCAATCGGT
CAATTGATCA
GTTCAACATA
TCCAGAARAR
TCCAAGAAGA
TTAGGTRARTC
AGCAAAARCT
CCGAAGTATT
GGAAATATTT
ACAACAACAA
TTAATCCTTT
CAATTAGCAT
AGATAARTAT
AARCTTTTAC
ATTCCTCTTC
GGCTTTAGGT
GGGAAGAAAA
ARAGMATATC
ATTTGTTGAA
TCTGGTATGA
GCTCCARATA
CCAGGCGCAG
CTTTACCTIT
AGAGTCCAGG
ACGTTTTGTT
TCGCCARTCT
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CAGCAATTAT TGGTTCAACT
GATTCTGTTG CATTTAAACC
TGATTTTGTC TCAAAATTTG
AACGTTTTCG, TCTIGGATTT
CTGGGTCAAT ATTCTTATAT
TGATTTTATA GCAAAACTTA
CCGATTTTAG TTTTGAAAAA
ACTGTCAGAC TTTATCTTCG
TAATGGAACT AGTITATTTG
ATTCCCAAGT TAAACCTGTC
GATGCTCTAA GTITTTATTC
ATATAATTTT CTTTITTGATG
CAATCAAAAT TAGTCTTAAA
ATCGAAAAAG CTTTTGGACT
AGAATTTAGT CAACAAAAAG
ATCAGCARGA AAATGCCGGT
AAGGCCAAAG ATTATACCAA
CTCTAGAGAT ATAGAAAAGG
TIGGATATTA CCGTTATITTIA
TCTGATTTCA ATCTIGAGGA
TGAAATTARA GCCCCAGAAT
RAATTATTAG CCAATTTAAA
AATAACAGAC TTCAGTATAA
AAAAAATAAT TTAGAGGCTA
CAGGAGCAAA GTCAACTATT
TTTGATGATA ATGCTGGTAA
ACTTAATCAA GCAGTTAAAA
AACAARRAGA AAARRCACTA
GACTGATTIG AAGGTAARTT
TGCTGACTTA GACCAGGATG
AATTTATCCA ATATTATCAA
CTTGAAGACA ACGGAAAARC
TGATACTAAA TGGCTTGAGC
CTGATAARTG ACTRGCAAGT
CAACAACAAC AACAACAACA
GACAAAAGCT CACCGCCTITA
TTTCTCTAAG AGCTAATAAT
TTAAATAATA AAGGAAATGT
CCCCGCACTC ATAGCTCTITA
CCTGATCAAC CGGCCTTGAT
CTTARARACA CTGARTATCA
GCTGTTAAAA TCATATGATT
CAAATCCARR TCARRAACTA
CCTGAAGGCT CAGATCGTGG
TAAAAATATC ATTACCAATC
TTACTCAATG ATGGCCARAAT
ACCCCTACCT GGGAGAAGAT
ATGAAAATAC GGACCATTAG
AGCAAGATCG CCCAGRAAAA
GGGGTAATGC AGATCCAAGG
TAATGTAGCT CCTTGRACAGG

(SEQ ID NO:7)

Fig. 7

CTITTIGGAA
TTCGATTGCA
ACTTTTTGAC
CATCTARARG
CGTTGATAAR
ATCAGTTTAA
GGCAATTTAG
ARCCGAATTT
CTAATGAAAR
CCTGCTAGTG
CCAACTTCAA
ATTTAGCCAG
TCTTCAATTT
TTTATATCCA
AAGARRATTC
TTAGGTGCAR
ATTAGCCAAA
TTAGGTCTTG
TCTTAAGAAT
TTGGTCTTCC
GATCAARATC
ACTTTTAARA
AATTTAGACA
ATTTTTGAAG
GTTTARTCAA
ATGCACCTTT
CCTARRARAC
AARCCARAAC
GACAAGATGA
CAAAATGATA
TATTCGAGTT
AATATGATCC
ATTCCTTTGG
ACARCAACAR

-CCTTATCAAR

ATCAAAAGAT
GAGTTCTCAC
AACGAGATAA
GGTTATATTG
TGGTAARACTA
TATTTAAARA
CCTGAAAATT
ATCAGGAACA
AGCCAAATGT
ATTAGCGGCT
CAGAGAAGGA
GTTTCCAAAA
TCAAGCGAAG
TCCTAATACT
TTAAAACAAT

CAGTTGTTGG
AATTTTACAA
TAATAATGGG
AATTTTARTA
CAATCAGGAC
TTGATCCTTT
AGTCCTCAGG
TGATCTAARA
AGAGATCTTT
GAATTAGTTT
TCATCTTGAT
TAGGTGATCA
GGTGTTAATG
ARAAGCGATA
GTCCGGATAA
CTTTTATCCA
TCTTGATAAR
ATCCAAAACA
ATTAGGATTA
TTTATTTTTG
TATCTAATCA
GATCTTCAXG
AATTTCCAAT
AAATAGCTGA
GAAGTAATTC
AGGTCTTCAA
TAARTAATGA
GGGCAARGCC
TTCAAGACAA
ARGAAATTGA
TTATCAGATG
ARGAACCCCE
TGATTCACCA
CCCCAARRGA
TTTGGTAAAT
TAATGAATAC
CAACAACAAG
TAATACTAAT
CGTTCRAGAACA.
GGTCTTTCAA
CTATTTAAAT
ATCTTAACCT
AAATTAARAC
TATAACTGCA
CAAARGAGAA
TTTGCTCTCC
TGGGCCGART
ATAAAGACAR
TTATGACTTC
CGCATTTACA
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TTTGGCTTCA
GCGATTATCA
AGAACCGTTT
AGATGGAAAT
ATTTAATTAT
GAGCTTTGRG
TGTTTATICT
CTAAAACCAT
GATCAATTAG
ARAAGACCGG
CTAAACCTRA
TATACTTTTT
AGAACCTAAT
ARGAACTTGA
ARCAATCAAG
ACCTTATATG
ATAGACATAC
ACCGAAAAGR
ARCAATCCAC
AAACACCTTT
CCTAAAAGAAT
GGATCAGTTA
AATCTTGGAT
TTACAAGAGC
GCTAGATCCA
GTTCTTCARG
AGTTTTTATC
TGGCTATACT
AAARATGTRAR
GCGARATAATA
ATTCGAGATT
AGACAATGTC
CTTGCGGCAA
ACAAATGTTG
AAGCTGTTAG
AATGATCCAA
ACCAATTACT
CAGCCGGGGG
CTTTCTAACT
ARCCAAGGAC
TTAGAARTTTT
GAATATCAGA'
AGTTTTARAT
AAGTAATCCA
AACATTGCTG
ATTTTATAAG
AAGCGCTTAA

ARAGTTARAT ATCGGSGTGT
AAGTGTTAAA AAAGCACTTT
TGGAGATCCC GARRAAATAT
ATAGCTCAAT CAGCAACTAA
CCATCCTTTA TCTRATTTTT
TTTATCTGGA AAAATTCTTT
TTTATTAGAA ATCCGCAAAA
TTTAMAGAC TATAAATACA
ATGTTGATCT TTTAGATGTC
GTTAAATTTA AAAAAGATCA
TTCAATTAAA GATTTAGTTA
TAGTTTCARA AGCARAAATT
ATTAARRCTT TATTCGAAAA
ACAAGCCCGA AAAGCTCAAA
AGGGTCTTGA AGAAGATGAT
ATARAGGATG TCCAAAATCA
TTATAATATT TCTTTAAGAT
ATAAATACTG GCAGATTTAT
GARTTAGTAR AATTAGGACA
ATTTAGTCAA AAAGATAATT
TARGAAGAAA TAGTTCARAT
GCCCAGTTTA GTACTAARAT
TRATAAAACC CGCGATAATC
TTTTAACTGC TTTTTATACT
AARGTAAAAG AAAAAGTTGG
TAGAACAATT TATCTTAAAA
TTGATACTGA AAGATTTGGG
TTAATTCATG ATAAACTTAM
TGTCTCARCT TTTGGCTCAA
GTCTAGATAA TCAAGAAGCA
ATCAATGTTG AGAAAGTTTC
ATTAATTGTT AATACTACAA
AGACAAAGTT TGTCTTAAAA

ATTATAAAAT TGAAGATTTA
TTTGCIGATT ATAATCCCTT
TAATCAAGGC TCGGGTCTAAR
ATTCTGATAA AATAATAATG
GGAACTTCCT CAAGCAGTCA
TGATCCTGGA AATGRACTAG
AMAATCCCC TAAMATTGCT
CAMCCTTGAA AGGTTACTTT
GAAGCAAGTT AATAATAACT.
ATGTCTTTAT TAAAGATGTA

ATTARATTTA AAGTTGTTIAT
TTCTTCGGTT ATCTATGACT
TTAATAATGT TTTCAARGAG



MXNKXSTLLL
QVVISEFSPE
DLEALKANIR
SDYFGGQSET
KQSSITRRLF
HITERLFENS
SSASPVFQNK
SGGSONSNGP
SAALSNNWNY
VFQILATSLA
GLLXOKLATIL
FRDOQIFVDGS
KVIXNEAGDH
IXPKYLVERS
KEWTNIRPDQ
KELEDNTXLZ
QNDONQIAAL
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ATRAAXIGST

DOKERFRLGF -

LOTAOFSFEK
ITSNSQVKPY
IELPIRISLK
PIQYOQENAG
WSLFGYYRY D
WEQEIISQFK
YODSGAKSTI
VOHKQREKTL,
LONQFIQYYQ
GNISDKWLAS
QLAF SLRANN
ICVPWSTGLD
KEYPRPROKL
APNITQWWEN
RVQEQCDRPEK

VFGTVVGLAS
HLXERLEDGN
GNLVDFFVYS
PASERSLKDR
SSILGDUEPN
LGASPDKPYM
LGLDPXQTTR
DONLSNODQL
IFEEIAELDP
PIKLNNDGYT
QNDKEIEFEX
TPLVIHOOML
IKRLMNTPIT
GYIGSEQTKD
PENYLNLVLN
ISGSKEKFYR
SSEDKDNQKW

FNISKKIVE (SEQ ID NO:8)

KVKYRCVNPT
IAQSATKFIY
FIRNPQNQKE
VEFKEDOOKP
IKTLEEXEVT
IKDVONQRYY
ELVKLGQOKAG
ROFSTKIWEK
KVKEXVGADV
LINDKLKKPY
INVEKVSELS
RLSPVVKTIR
FADYNPFFYY
GTSSSSQUKG
QPWEVTLYRS
PTVEFGNVEN
IRKFTKVVIPEE

QGVISQLGLI
LLPLOMPKAA
WASDLNQDOK
RIEKFSLYEY
FRLDNTRDVE

LAXSQIQELT’

LQFEGYENLP
LIGDENEFDO
TQLKFHYAIG
IPQISSSPEK
FRVEFKLAKT
ELGLKTEQQQ
NEDWRS IDKY
FROUFIQALG
SOFITNLFVE
ENSSMNEQAQ
MFNSGNIRFV
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DSVAFKPSIA
LEQYSYIVDK
TVRLYLRTEF
DALSFYSQLQ
IERAFCLLYP
KAKDYTKLAE
SUFNLEDLKN
NNRLQYXLLX
FODNAGKFNQ
DWFEGKLNQH
LEDNGKTIRV
QOQAQUOON0
LNNKCNUSSH
LXRTEYHGKL
PEGSDRGSGY
TPTWERIREG
GVMOIOGFNT

Fig. 8

NETSDYQSVK
NFMNLIIHPL
SPQAKTILKD
ELVEXPNSIK
CVNEELEQAR
LLSNRETYNI
IRIKTPLFSQ
DLOESWINKT
EVIRSSSRTI
GOSONVNVST
USDETHSLIV
POKKAVRKEE
QOOAMGGNOG
GLSIRIFDRG
KLKQVIQRQV
FALOALKSSF
UWLPVINSSV

KALLNGKTFD
SNFSAQSIKE
YKYKDETFLS
DLVNATLARN
KAORASTERE
SLRLXEQLFD
XONFKLSLLD
RCNLYWIYIA
YLKTSGRSKL
FGSIIESPYF
NTTIEKTPEM
ELETYNPKDE
SGLIQRLNIKN
NELAKIKDAS
NNNYADWGSA
DQKTRTEVLY
IYDFYRCTCD
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PKSSEFTDEV
LALTRSSDFY
SIDLKASNGT
LRFSLGRYNF
KSKRGLXEFS
VNPRIPSSRD

FNILNPLTKA
IKPETFTPAL
NKKGEEKLLK
YLTIEWYDENT
TRAPLPLWKY
SNIVANLNVA

SKFDFLTNNG
AKLNQFINQD
SLFANENDLK
LFDDUASHLD
COKEENSKAY
TEKAXFVLDOK
APEFGLPLFL
LEAKFROISN
AVIHAPLGLO
DPODGODDSRQ
WVEQYDENTS
HRLTLSNLVN
IALKRDNNTN
SYDLFKNYLN
ITNQPNVITA
GPLGFONCPN
PWQVKTIART

ATVLEIPKKY
ELWUYLEXFF
ROLOVDLLOV
YTTFLVSKAKI
RNQEGLEEDD
TERNKYWQIY
PKELARNSSN
LQELLTAFYT
SFYLOTERFG
GNNSLDNQEA
LAARTRFVLE
NDPNYKIEDL
LENYSDXIIM
EYEKXSPRIA
NIADVFIKDYV
FRXTQIWRLVF
RRAFNNVIKE
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TTGATTTTAA
AAGCACTAAC
TTGTCACCGT
CTAAAAGATG
AACTGGGATT
ATGGCTGAAA
TTAGTATATC
TTATTCACTT
TATCAACCAA
GAAGCCCGCA
TCTAGATGAA
CAAAAACAGG
GATCTCAATA
AAATATTARA
ATGGTTGAGA
ATAGCAAAAR
TTTAARATAT
AAATTTTCGG
CTAAACCGTC
AAAAAAAATT

ARAATATCCT

TTACCTAATG
GTCATTTAAA
GATATGATCT
AAACATTTAA
AAATAATGAC
TAATCAAARC
GATTTTATCC

AARGGATCAA,

TAAATGTAGC
TATARAAATTG
AGTTAATGAR
AARATTATTTT
GTTAAAATTG
AATRAAAACA
TAGCAGCTARA
GGCAATCAGA
GGTAATTATT
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TTGAAGAAAT TAAGGAAATC AARAAATTTA
CTTTCTAGAA AAAATCTTTT -AACAATTGGG
TGCTAATTGA AAGATCAAAG ATCCACGACT
AGTATCAAAA TGGAAATTTA AGCTATTTTG
GACTATAGCC AGTTTTTTGA TTTTTACCAA
TCGTTACAAAR CTTGATGTTT TTGATCTAAA
AACTACCTGA TGATAAAAAG GCAATTTCTG
GCTAATTTCG CTAATTTTTC AAGTTCAAAA
AAAAGAACTT ACRAAATTAG TAAAATTAGA
AAATTATTAA TAAATATTTT AATTTAGAAG
AGTGGAATAT GAAATCCGCA ATATCAGATT
TCAAAAAGGA ATTTATAAAT TAACATTTTA

AAAGTTCAAA GTTTCATTTT GGAATTAACA”

ATAACTGAAT TTTCTGAAGA TGATTATTAC
TTTTCTARAT TATTACAATA ACCAAATTTT
PTGTTAGAAC TCCGCTTCTG AAARAAAGTTG
TTAAAATTAG ATATTAAATT AGATGCTAAT
AAAAATTATT CTTAGAAATG TCA
TCGGGCAAAA TGATGCTGAA TTAGTAAAGC
GCAAACCAAA AGGGTGCGCC AAAATCAGAA
TGAAAATGGT GATTATTATG GCTATGAATT
TTGAAGAATT TGCAAAATTA AGTGTAGTTC.
ACAAATCAAG AGGTTAGTAC ATTTTTATCT
TTTAAATAAA TTTAAATTAA TTGATCCAAA
GTCAAATAAA AATTCAGCCT CCTGAGAAAA
TACCTAATTT CCCCTGATTA TCTTAATAAT
TGAAAGCGCA TTTAACACGA GAGATTTTGT
AAGAAAAAGG TAAARATCCA ATTACAAATC
GGACTTCTTG CTGAATCACT CGGGCAAAAT
AGTTAGTCAG GAARAAAACTA ATCCAAATAA
GTTCAGTTGA TCAAAATGGG AATTTAATTC
AATAATAAAT TGCTTAGTGA AGATGTAGAA
CCTTAAAAAA GAAGATTATA CCCAACTTGT
ATAATCAGAT CAARAAATCTA CCTTTTAGTC
AGTAAAAATT TAGARAGTAG TAAACCTGAA
ACCAGAACAA CAAGAAATTC ATCAAAGCGA
PACGACATAA TTTTGATTTA TATGTATACA
ATTGAAAGTT CAGAATCACT ATTTGCTTTA

TGGAAAACAC
GCCGCAGTTT
TCAAGTACAA
ATCTTAAAAA
AAAAATAACA
'ACCACTTGAT
ATCTTTTAAC
TTGGAAARAC
AGACTTTGAA
AAATTATTGC
GAACTTGTAA
TGCTGCTTTT
TTGATCTTAA
CCACAAATAA
TGCAACTCAA
AATTTGAAAA
TCAACTAAAT
AATTGTCGCT
AAATTAAACA
ATTCTTGCAC
TAACGAAGAT
CTGAGAAAAT
TTACTTGCAA
AACACAATGG
AAGCAGTTTC
AGTTTTTACC
CGAACATATA
TTAGTGAATT
TTAGACTATA
TAATTTAAGA
AAGTGATTTA
AAATTAAATG
TGATAGTATA
AATTTTTTGA
GCAGCAAAAG
AGAAATTCCC
AARAAGATCA
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CAACTTGCAC TACAAAAAAA AAARAAAAAA
TTTTCGGAAT TGCAATAATC ACAATTCCGC
AATCAAGCAA AATTAATTAC AAATATTCAA
ACAGCTTTTT AATGCTGATA ATACTAAAAA
CGAGCCTACC AATTAATTTT GCCACTGATT
CAAGAACAAT CTTTTGAAAT TTATTATCGT
CCARAAAGTT ATCTGAAATT ATCTCCCTGA
TAAGAGCTTA TACCAACAAG GAATTTAGTT
AAGCAAGTAA ACTGGGCAAT AAATAATAAT
CGAGATTCTT AATAATAAAG AATTTTCTTA
GAGATCAAAT TTTAGGTCAG GATTTTTTAG
TCGCCGAATT TTGCTAAAAA AATTGCGGCT
TAATCTTTTC CTTGATAAAA CAGTCGCTGA
ATTTTGAAAA AAATTTAGAA GCCGAAATTA
AACGAGAGAG AAGATTTTCT CAAGAACCTT
TAAATTATCC GGTATTGATT ATGCAAAATT
TGGCTTTTAA AAATAACCAA ATTGTTGCCA
GAAAAAAACT TTTCCCAAAC TATTGAACAT
GACAAAATTT GAATTTAAAC CAGAAACTAG
TCTTAAATGC CAATAAATTT GATAAATTAA
CGCTTAAAAT TATTAGTTCA TAATTCACAA
GTCTGAGGGA ATTATTAATC TTTGGAATAA
AAAGGGATAT CAGTTTTGTT GCAAAATATT
CCTGAAAATC TTGACCAAAA TAGTTTATTT

ACTGACCTCC GATTTTTGAC TTTTTTCATT

PTCACTCAAA TTTAAAAAAT ACTTTGGACT
AGAGAACTTG CAAAATCAAT TAAACCAAAA
TCTAGTTGCT TTTTATTCGC TTATTTATTC
AAATTCAGTT TGAACTCGAA CCTATAAGCC
TTAAATAATA ATTTAAGATT AAAATATTGA
CCAAACAAAA AAAGAAACTT TGGATCTTGT
AAATTGCTAC TAATTTTCCA AGTGCAGACC
AAACAAGTAA TTAAAACGGA AAATACTCCA
ARATAATTAC. CCAGATTATG GTTTTTATAT
TTGCTGCAAA ACCTTCAGCA GCCAAGCCAG
GGAGTTCTTA CTAATACAAT ATCTCAACTT
GCCACAGATT CACTCAAGTA AGCCAGTTAG

ARR (SEQ ID NO:9)
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MILIEEIKEI
LKDEYQNGNL
LVYQLPDDKK
‘EARKIINKYF
DLNKSSKFHF
IAKIVRTPLL
LNRLGONDAE
LPNVEEFAKL
KHLSQIKIQP
DFIQEKGKNP
YKIGSVDQNG
VKIDNQIKNL
GNQIRHNFDL

KKFMENTNLH
SYFDLKKQLF
AISDLLTQKV
NLEEIIAEIL
GINIDLNNLF
KKVEFENKLS
LVKQIKQTKF
SVVPEKMSEG
PEKKAVSLTS
ITNLSEFLVA
NLIQVIYQTK
PFSQFFENNY
YVYKKDQPQI

YKKKKKKSTN
NADNTKKTGI
IWNYLPDYSL
NNKEF SYLDE
LDKTVAENIK
GIDYAKFLKY
EFKPETRKKI
IINLWNKSFK
DFWLF SLNND
FYSLIYSKDQ
KETLDLVVNE
PDYGFYIIKT
HSSKPVRVII
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LSRKNLLTIG
DYSQFFDFYQ
ANFANFSSSK
SGIWNPQYQI
ITEFSEDDYY
LKLDIKLDAN
ANQKGAPKSE
TNQEVSTFLS

YLISPDYLNN

GLLAESLGQN
NNKLLSEDVE
SKNLESSKPE
IESSESLFAL

AAVFFGIAII
KNNTSLPINF
LEKLRAYTNK

ELVRDQILGQ.

PQINFEKNLE
STKLAFKNNQ
ILALLNANKF
LLAKRDISFV
SFYLHSNLKN
LDYKIQFELE
KLNEIATNFP
AAKVAAKPSA

K (SEQ ID

Fig. 10

TIPLVTVANW
ATDYGWNRYK
EFSLSTKKEL
DFLAKTGQKG
AEINGWDFLN
IVAKIFGKII
DKLKNILENG
AKYWYDLLNK
TLDLIKTESA
PISLNVAVSQ
SADQIIFLKK
AKPVAAKPEQ

NO:10)
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KIKDPRLQVQ
LDVFDLKPLD
TKLVKLEDFE
IYKLTFYAAF
YYNNQIFATQ
LRNAENQIVA
DYYGYEFNED
FKLIDPKTQW
FNTRDFVEHI
EKTNPNNNLR
EDYTQLVDSI
QEIHQSEEIP

NQAKLITNIQ
QEQSFEIYYR
KQVNWATNNN
SPNFAKKIAR
NEREDFLKNL
EKNFSQTIEH
RLKLLVHNSQ
PENLDQNSLF
RELAKSIKPK
LNNNLRLKYW
KQVIKTENTP
GVLTNTISQL
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ATGAARRRAR
TCATCCCAAG
AATAGTGCTG
CACTTTGATA
GTTATCCCTG
AATTATACAG
AGAAATCTTG
GATTCAARAA
ARTTTTGAAA
TTATATGATA
TTAGCAAGTT
TTACCTTCTG
ATTAAAGGTT
ACTATTAATT

AATCTTGATA
AATARACCCC

ACRAGCTAAA
CCGAAARATA
ARTTTGATAA
AATCTTATAG
ATAATRAATC
CAAAATTCGA
AATCACTTAA
TTGCCTTATA
TCAAACCGGA
AAACAGCTAA
TTTTGAAAAR
ATCCAAARAG
TAATTCCTAA
TAAAATTAGA
TTGACTACGA
ATTTAARACT
TTGAACTTAA
TGGCTCCACC
CARARCARGA
CAGARRATGG
TTTATCGGGA

CTGRTRATAAR"

AATACCAAAA
CGCAGCAAAA
ATCTTAAACT
GCGCARGTGA

ATATTTAATT
TAATCTAGAA
ATTAGTTGCA
TTTCGATCTA
CAGGTTTGAA
CCTTGATTTC
AGGARRAACC
TGAARCTTTT
TCTAAAAGAT
AACTGAGAAA
CTATGAATTT
TCTTCATTTA
TTTTGAGACC
AGGAACTTTT
TGCAACACAA
TGAGGTCAAA
GGGAATTACT
ARATGCTAAG
ARAATCAAGT
AGGAACTTAT
TRAATTTATT
AGCTTATCAA

TAAACCAGTA

AGTACATCTA
TGATGAAGGC
TAATTCTAGT

AAAAGGTAGA GCAAAATAAT

TTTATTATTT
CTCCGGLCTCEC
ARAATGGGAA
CAACARAAARG
TCTTTGATAA

(SEQ ID NO:11)

CCTTTTACAA
TACAATGGTT

TTCTCAATTA
CTAAATTCTT
AATTTAAAGG
GCTGATGCAG
ATCAAAGAAAR
TCAGGTCAAG
GCAACTGAAA
GGCGAATTTG
AATAAACTAG
ATTTTTCCCC
AATAGTGAAL
ACTAAATTTG
AAAAAAGCAG
TTAGTARATG
GAAATTTATT
AACGATCTTC
AAAAARATGA
ATGCAARATG
AAAGATTCCC
TTATCTAAAC
TTAAAATTAG
GCATTAGTCC
ATTGCATCGA
GATCAAGCCG
AAGACAATTT
TCAAAATTCA
ARAAATCAAT
CTTCTCCAAC
CTAGTGGCAA
TTTACCTGAA
GAAAATATTG
AATCAAAAAT

11/23

TTGGAATTAG
ATAACATTGA
TAAAACCTAA
TTGATTTAAG
ATAAGCTARA
AAAAGTCTTT
TAGCAATTTT

CTGGATATTT
CAGTRACGGT
GTCCTTTATT
TTGGTGCAAT
AAAGTAAACA
PITTTGAAAA
AACTAAAAGC
AAAGTACAAR
PTAGCGCACT
GTATTTATTT
TTTATGCCTT
CTTTATTAAT
TAAAATGGAC
ATAATAAAGT
CAGTTGARAG
AAACCAAAAT
ACAAAGAACA

-ATAATAATAT

Fig. 11

TACAATTATA -AGTCTTGCTG

TCTTGGAAAA
ATTTGCCAAG
TAGTCTAAGT
AAATATCGGA
CCAATTTCTA
ATTTTATAAT
CTTTAGCCTA
TATAAATGAT
TGATCTCCCA
TCTAGCCAAR
TATTCAAAAR
TAAAAAACCT
TGCAGGTCTA
TCGAAATGCG
TTTCGCCTCA
TGATTTTCTT
TTTATTTAAT
AACTGATCAA
TTTAGAAAAA
TGAAGGAATA
TACGGATTTA
AAATAATCCG
AGCCGAAGGG
TAAACCCACT
CGAACCAGAA
CGATGCCTCR
TGCGCTTTAT
CGAARATACA
TGAGAGCCAA
ACAAGATGAT
CCTTGAARAA

GCACAAAATT
CGACTAAACG
CAAAAATATC
CTTAATGTAA
CCCGAAAATT
GCTTGACTAA
BAATTCTGAAC
GAAAMAAATG
ARARCARATC
AATAACTTAG
TCAGTGCCAA
GAARAAGTTG
AATTTGACTC
CTTGAATTAT
ACAATTAATA
AATTTTTCAA
GAAGBGGTARA
AGTGARRRAG
ACTAGTTTCC
ACAAAAGAAA
TTCCTTGATT
AATTTAAAAT
GGAATAAGTC
ARATTATCAC
ATATTACTAR
GGTGGGCTGC
CCTARAAATC
GARAAATACC
TTTCAAAATC
AGTAGAAAAC
TTCCTTAGCG

PCT/US2003/020460

TTACAATTCC
TGAACTCAAG
CTTTTGATGC
CTGATCTAAG
CTAACACTTC
TCACTGGCCA
AACGGTTTAA
CAATTTTTAT
AGCTTGTTCT
AGAAATATGG
ATATTGCACA
ATACAACTTT

'GTCAGAATAA
AGGATARAACA
TTGATGCTAG
CAAAAATTGC
CAAGTAAAARA
AACAACAAGA
AACCAAAARGT
CAACAAACAC
CACTTGAGAT
GACGATCAAA

TTAAGGTAAA
TTGAAAACTT
GAAGATCACT
CCGGGTTTAA
AATCAGATAA
TTAAAATGAA
TCGATCTAGC
CGACCGGAAT
AATATATGGA

TTATGCACTT
AACTAATTTT
TCTARATTTT
TTTTAAATTG
AARAACCATA
AATTAGTCTT
TAAACTTTCT

.CCTTCCAGAA

TAATATGGTT
GGAAARATTT
ATTATTTTCA
TTTTGCTGAT
GAATTTATTA
CTATACTTAT
AACGGCAAAA
CCATCTTTTA
TGAAAAATTA
AAGTCAGGTA
TGARACTARA
TCTATTATAT
TAAAATTGAC
TATAACCACA
TCCAGAACCT
AAGTCAAGAA
TTTAAGATAT
TAAAATTGGT
TAACGGGACT
ATCACATGAT
GCTTTTTTCA
TARARATCTA
AACACTAAAR
A
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MKKNKLKYLI
HFDKSYSFDL

RNLESLKGKT -

LYDKTAKTEK
IKGLIPNFET
NLDNLKLEVK
KDQAKQEKSS
KVAPDNKAYQ
. QAKNLKLDEG
YQDIYYFLLQ
TLGTTKSNNQ

FSIIGISTII
ADAVDLSSLS
ATEIAILFYN
IFPLRFVDLP
KKAAFLVKKP
NDLPVIVFAS
KDSQSKQTDQ
ALVQSTNTDL
KTIFYAFKPT
LLQHNKVALY
ENIDKEQQULD

SLAVTIPYAL

OKYPDLSFKL:

AWLKRFNKLS
KTNOQKYGEKF
EKVGQNKNLL
TINTKIAHLL
SEXEPKVETK
FLDWRSNITT
XLSRRSLLRY
PKNQEDKSHD
SRKPTGITLK

SSQAEKYNLE
VIFDNKSRFE
DSKIALYETF
LASFLKNYEF
TINLKLEGTF
NKPLELKGIT
TIQAENGGTY
TTEKYQNKPV
FLLSASDNSS
FLNAPAATMV
GFALFDKPKD

12/23

LNSYNIDLGK
IKENKLKNIG
GEFGGASFSL
NSEISKYLAK
LVNDQVPAGL
KXMSPLFDFL
LSKLFENLEK
IASISALNNP
SKFSLLIEPE
LVATVESENT
NOKYNNILEK

Fig. 12

AQNLNSRTNF
LNVTNTSKTI
NSEPIFILPE
NNLDIAQLFS
NLTQDKHYTY
NFSTSKNEKL
TSFPTNTLLY
NLKFKVNPEP
ILLTGFNKIG
EXYLKMKLFS

PCT/US2003/020460

NSAEFDKLVA
NYTAKFDLDF
NFEIKPDLKD
LPSDPKSLDL
NFDFDYDATQ
ETKMAPPNAK
LSTFYRDKFT
SKKSQQKVHL
ADFEKVEQRNN
SDYONGKKEX

NLKVKPKFAK
SGQEKSFQPL
NKXLVFASTIND
TKFESWFIQK
EIYSGYFRNA
MONVGATLEN
LKLELKAEGI
DQAGIYLAEG
KNQLKWTDAS
FTWKTKIESQ

FLSEYME (SEQ ID NO:12)

RLNAFDALNF
PENFTCGQISL
EKNELVLNMY
SVPNTTFFAD
LELFDARTAK
EEVKQQESQV
TKETLEIKID
GISLENLSQE
GGLOKTFNGT
FQNLDLAKNL
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ATGAAGTTAGCAAAATTACTTAAAAAACCTTTTTGATTAATAACAACAATTGCCGGAATTAGTCTTAGT
TTATCAGCCGCTGTTGGTATAGTTGTCGGAATTAATTCTTATAATAAATCATATTATTCTTATCTAAAT
GAAAATCCAAGTCAGCTAAAAACTACTAAAACAACAAAAATATCCCAGCAAGATTTTGATAAAATAGTC
TCAAATTTAAAAATTAGGGATAATTTTAAGAAAATATCAGCAAAAACAGCTTTATCAGCGGTAAAAAAT
GATTTATACCGGTATGACTTAGTTCGGGCTTTTGAATTTTCAAGTTTAGAAACTAACAACTATCAAATT
AGTTTTGATTTAGAAAATGCAGTAGTTGATCAAAATTCAATTAAAARATGTGCTAGTTTTTGCAAAATCT
GAAAAAGATCAAGTAACATATTCAAAACAAATTGAACTTAAAGGGTTTGCTCAAGATGATGAAGCTGCA
GGCGATCTTGTTAAATTCCAAATTGATCAAAGAAAATCCTTTGTTAATCTTTATAAATTTGATTATTCT
TTTTCTGAATTTCAAAGAATTCTTAGCGAAAATTATCGACAAATTAGAAATACAAATTCTTTTACAAGG
TTGGCAAATGCTTTGATTTCCTCAAAAGCGAGTCTTTCACTTTATAATTCCTTAGGGCAACCAGTATTT
TTAGATGAAAATTATCGCTTAGAACCAGTTTTGAATTCAAAAAAAGAATTAAATTTACTAGARAAAAAT
AAGAAATTGTATTTAGAACTTAATTTAGTTGAAAAAGAGAGCCAAAAGAAAATTAATTTAACACTAGAR
ATCCGTCCATTATTAACAAATCAAGAATTTACTAGTGAGTTAAAAACTTTATTTGAATCAAATTTAGAL
CAAAATCTTAGCCTAAATCTTGAACTAAAAAATGCTCTTTTCCATGATAGAACCAGTTTTTCTGAGTAT
TTATATGGAAGTCCACAGCAAAGAACTAAAACTGATGAAGTAAARAACAGAAAGCTAAGGAATTAAAGGAT
CTTTTTGGTTTTAGATCAGCAAAATTCTGACAGGATACAAARAATTTGGAACTTTTTATGTAATAATTAAG
CCCCAACTTTTAGATCCTGCAAAAATTAGTCAAGAAGATAAGAAAARACTTTTAGCTGATAAAAARATC
CGTTTTGAAGTTCTAACTACCTTAAAAAGAAAAGCGCTTGATCAACAAGATGTTCTCACTGATCTTCCA
GTTTTAGTCGATCTAAGCCTTGATTCTAATAAATACGARACAGCCATAAGTCAAATTTTTAATTCAACA
AAGACAACCAAAGAATTTAAAATGCAAGAATATGAAGATAGAGCGAAGTTATCAACCAAAGAAATCAAA
GAAACAATTGATAAATTAGCAAATCTTGCCGCAAAAGTTAGTAATTTATCCGAACCAAGTGATGAAGTT
GTTCGTGCTGTCTATTTATTAAATACAGGGAAATATCTTTTTGATGATGAGATCCAGCAAGAAAAAACT
AATCTTAAAAAAATAATAGAACAAGCCCGAATGAAAGCTGACACCAAGAATTTGGCTCCAAAAGTACCT
AGTCCTATTCAAAAACCAACTACATCTGCAACTTCTAGTGGAACTACTAAGACATCAACAGGGACAGAA
AAAAAAGTTTCAGTAAGTGCTTTTTCTGATATAATTAGTATGAAAAACCAACCTGAACAAACAACTAAG
AACGGTCAGGTCCAAGCTTCTTCTACAAGTCAGAGTCCAAAATCAAGTCTTAGCCAAAACAGCGGACAA
AATTCAATAACTTTAGAAGAAAAATTTGGACATACAATTTGAAAGTTACTAAATACATCACAAATTTAT
AATTTTGAAAACACCCAAGGGCAATATACAATCTCAATAGAGGATGATAAATTAGTTTTTGACTTTAAG
CTTGTATCAAARAGCAGATCGAGCAATTATTTATCAAGGATCTAAAATTAGTCTTGGTGGTCTAATTAAT
TCTGATAAGTCTGCCTATGATGAGATTAAACAATTTAGCCCAGATCTTTTCCTTGATGCAACAATAGGA
GAACAATCTGATTATAAAAACAAGCAAAAAAAAGATTATACTTTAAAATCGTTAAGAGATTTAATGGGT
AATGGCTTTGTTTATAAACCAGAAACTAAATCGAATCCACAAGAAAATGTACTAAAATTACARACAGGA
TCAGAGCAAAAAAAACCTCTACCAGGGCTTAGATCAGGATTAATTTATATTGCATTTACCGTTAATAAT
ATCAATAAAAATGATTATAAACCTCATTATCTAATAAGAGATAAAAATGATAAAGGTGTCTTCATTCAG
AGATATCAAGATAAGGAAGAACCAAACGCTTTTGAGATTAGAATTGATTCATATGAGCCTGATGACTTC
AGGGATAAACAATTTCAGGCTGCTGATACGATATTAGATGCAAGTGGTTCAATTGATCCTCGATCAAAG
AAAAAAATTATTCTCCGTCAAAACGCTGATTATTTATTAGTAGTTTATAAGTCAAAAAAAGATATTGTA
ACAGAGCTTTATTCACTACCTTCAGCACAAGATAATAACAAAGAARAGATTGTTAAAATAARAAATAGA
AAATCATTTCCCTCTCAAGGTTATACAGTTCAAGGTTCATTATTATATTCTTTATTTAGTCCTAATAAA
ATTGGAGATAGTCAGAAGCCAGCCCAACAACCGCCAGCTGTAAGTATAAAAGCAATAGCATTATTTGAT
AAAAAATCATTTACAAACGATACAGAAAAAATGCGTTTAATARATAATGCTTTTATTAGTAATTATATA
AAACAA (SEQ ID NO:13)

FIG. 13
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MKLAKLLKKPFWLITTIAGISLSLSAAVGIVVGINSYNKSYYSYLNENPSQLKTTKTTKISQQDFDKIVSN
LKIRDNFKKISAKTALSAVKNDLYRYDLVRAFEFSSLETNNYQISFDLENAVVDQONSIKNVLVFAKSEKDQ
VTYSKQIELKGFAQDDEAAGDLVKFQIDQRKSFVNLYKFDYSFSEFQRILSENYRQIRNTNSFTRLANALT
SSKASLSLYNSLGQPVFLDENYRLEPVLNSKKELNLLEKNKKLYLELNLVEKESQKKINLTLEIRPLLTNQ
EFTSELKTLFESNLDONLSLNLELKNALFHDRTSFSEYLYGSPQQRTKTDEVKQKAKELKDLFGFRSAKFW
QDTKFGTFYVIIKPQLLDPAKISQEDKKKLLADKKIRFEVLTTLKRKALDQODVLTDLPVLVDLSLDSNKY
ETAISQIFNSTKTTKEFKMQEYEDRAKLSTKEIKETIDKLANLAAKVSNLSEPSDEVVRAVYLLNTGKYLF
DDEIQQEKTNLKKIIEQARMKADTKNLAPKVPSPIQKPTTSATSSGTTKTSTGTEKKVSVSAFSDIISMKN
QPEQTTKNGQVQASSTSQSPKSSLSQNSGONSITLEEKFGHTIWKLLNTSQIYNFENTQGQYTISIEDDKL
VFDFKLVSKADRAIIYQGSKISLGGLINSDKSAYDEIKQFSPDLFLDATIGEQSDYKNKQKKDYTLKSLRD
LMGNGFVYKPETKSNPQENVLKLQTGSEQKKPLPGLRSGLIYIAFTVNNINKNDYKPHYLIRDKNDKGVFI
QORYQDKEEPNAFEIRIDSYEPDDFRDKQFQAADTILDASGSIDPRSKKKIILRONADYLLVVYKSKKDIVT
ELYSLPSAQDNNKEKIVKIKNRKSFPSQGYTVQGSLLYSLFSPNKIGDSQKPAQQPPAVSIKAIALFDKKS
FTNDTEKMRLINNAFISNYIKQ (SEQ ID NO: 14)

FIG. 14
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GTGATTGAGGGCTTAAAATCAAAGGCAAATACTCAAAAAACAGAAAAAAATAGCCCCACACAACCGAARRA
ACCAGAGGTTTCACTAGCTAAAACAACAGAAAATTCAGCARAAACAGTCAAGGTAAGCACTTTTGCAGAAG
AAGCTAAGGGTCAAAGTCAAAGTCAGCAAACACAACCAGTTTCCACTTCATCGCCTCAAACTAGTCAARAT
TCAGTTTCTAATTCCACAAGCAGTACGAATTTAGCCTTAGAAAATGAAAAATTTGGGACAAGCATTTGAAC
AGCTTTTAATTTCGCTAATATTTATAATCTTGAAAATACAAAAAGCGAATATGAGATCTCAACTTTAGGAA
ATAAGCTATTTTTTGATTTTAAATTAGTTGATAAAACTAATCAAAATCTAATTTTGGCTCAGTCCAAAATT
AGTCTTAATAATATTATTAATTCTAATAAATCTGCCTATGATATAATTAAGAAATTCAATCCCGATGTATT
TCTAGATGGAACAATTAATTATCAAGATCAAGGAAAAGATAAAAAAGAATTTATCCTAAAAGATTTAAGTG
ATAATAAATTAATATTTAAATCAGAAGATGCAATTCAAACTGATCAAGGTTTAGAGCTAAAGAAACCTTTG
AAATTAAGCCCGACAACGAACTCTTCTTCTACTACTTCACAAAAGACTAATARAAAGGATGATATTGGAGT
GTTTTGACTAGCGCTTCAAGTTAATAATATAACAGATTTCAARAATCATCATCTAATATCCGATGGAAARG
GAAATGGAATAATTCTTAACAAATACAAGGTCAAGGATGAAACTGGTTATCAATTAGGACTAGAATATCCT
GGAAGGAATGAAAATAATTTTATTACTGATATTGTTGATCTAGTCGACGGTTTTATCAAATTTATTTTTGG
ATGAAAACAAGACCAAAATAATAGTAGTTTTTTGGACACACCCTCACTTTTAATTGATTTTAACAAGTATA
AAAACAAAARAAAATACTGAATTTATCAAGGCGAATACAAAAATTCTTTTAGAGGTTGTAGAAAACAATGAT
CGACTTTCTGTTTCAGTATTTTCTTCTCAAGCAGGAAAAAATCATAAACAAATTATAGAAAATAGAATGCA
TAGAAGTTTACATTATAAAAAAGCAGACAAAGCCAAAGAAGGTGTAAGCCCAATCCCAAGTTTTACTGATA
TTTTAAATGAATTACAAATTGGAGCTACTGATAGCGATCCAAAAACTCAARAAAGGCACCAGTAACATTCAAA
GCGTTTATGATGTCAAATGATAAAAATCTAGTATTTGGATCAAACATTAATAATCAAGAAATTCGCCAAGC
GCTTATTGACGCTTATATAGTTGATAAGAAT (SEQ ID NO: 15)
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VIEGLKSKANTQKTEKNSPTQPKKPEVSLAKTTENSAKTVKVSTFAEEAKGQSQSQQTQPVSTSSPQTSQN
SVSNSTSSTNLALENEKFGTSIWTAFNFANIYNLENTKSEYEISTLGNKLFFDFKLVDKTNQNLILAQSKI
SLNNIINSNKSAYDITKKFNPDVFLDGTINYQDQGKDKKEFILKDLSDNKLIFKSEDAIQTDQGLELKKPL
KLSPTTNSSSTTSQKTNKKDDIGVFWLALQVNNITDFKNHHLISDGKGNGIILNKYKVKDETGYQLGLEYP
GRNENNFITDIVDLVDGFIKFIFGWKQDONNSSFLDTPSLLIDFNKYKNKKNTEFIKANTKILLEVVENND
RLSVSVFSSQAGKNHKQITENRMHRSLHYKKADKAKEGVSPIPSFIDILNELQIGATDSDPKTQKAPVTFK
AFMMSNDKNLVFGSNINNQEIRQALIDAYIVDKN (SEQ ID NO: 16)
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ATGAAGTTAGCAAAATTACTTAAAAAACCTTTTTGATTAATAACAACAATTGCCGGAATTAGTCTTAGTTT
ATCAGCCGCTGTTGGTACAGTTGTCGGAATTAATTCTTATAATAAATCATATTATTCTTATCTAAATCAGA
TCCCGAGTCAGCTAAAAGTAGCAAAAAATGCTAARATTAGTCAGGAAAAATTTGATTCAATTGTTTTAAAT
CTTAARAATTAAAGATAATTTTAAAAAATGATCGGCAAAAACAGTTTTAACTGCTGCCAAAAGTGATCTTTA
TCGTTATAATCTTGTTTCTGCTTTTGATTTAAGTGAACTAATAAACAATGATTATTTAGTAAGTTTTGATC
TTGAAAATGCAGTAGTTGATCAAAATTCAATTAAAAATGTTGTTATTTATGCARAATCTGATAAGGATCAA
ATAACTTATTCAAAACAAATTGTACTTAAAGGCTTTGGAARATACAGAACAAGCGAGAACTAATTTTGATTT
TAGCCAAATTGATTCAAGCAAGTCTTTTGTTGATCTTTCAAGGGCARATCTAACTTTGACGGAATTCCAAA
TTTTACTTGCCCAAAATTTTGAAAATGAAAGAGGAAGTAATTGATTTTCACGACTTGAAAGAGCTTTGGTT
GCATCAAAAGCGAGTCTTTCACTTTATAATTCCTTAGGAGAACCCGTATTTTTAGGCCCAGATTATCAATT
AGACCCAGTTTTGGACCGAAAAAAATTATTAACTTTGTTAAATAAAGATGGAAAATTAGTTCTTGGACTTA
ATTTAGTGCAAATTTCAACTAAAAAAACTATGAATTTAAATCTTGAAGTTCGCGGCGCGATTTCAAATCAG
GAAATTTCTAAAATTCTAAAATCCTGACTTGARACAAATCTTCAAGGCAAATTAAAAACCAAAGATGATTT
GCAAATGGCACTAGTAAAAGATAAAATTAGCCTCTCTGATTATTGATATGGATCTCCGAATTCAAAAGTAA
ATACATCCCAAATTTTAACAAAAAGTAAAGAATTTAAAGATCTTTTTGATTTAAGTGAGACAAATTTTTTT
CTTAATACCAAAATCGGAACTGTCTATTTAAGTATTATTCCCAAACTTTTAGATCCAAGTCAGATTTCTGT
TGTTGATAAGAAAAAACTAGTTGAAAATCAAAAAATTCGCTTTGAAATTACTGCTTCTTTAAAACGAAAAG
CTATTGATAAAAAATTTATCATCCAGGATCTTCCAGTTTTTGTTGATCTAAAAGTTGATTTTAATARATAC
CAAGCCGCTGTTGCCCAAATGTTTGGAACGATAAAAGCAGTTARAGAATTTTCAATGCCTGAAGATCAAGA
TGCA (SEQ ID NO: 17)
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MKLAKLLKKPFWLITTIAGISLSLSAAVGTVVGINSYNKSYYSYLNQIPSQLKVAKNAKISQEKFDSIVLN
LKIKDNFKKWSAKTVLTAAKSDLYRYNLVSAFDLSELINNDYLVSFDLENAVVDONSIKNVVIYAKSDKDQ
ITYSKQIVLKGFGNTEQARTNFDFSQIDSSKSFVDLSRANLTLTEFQILLAQNFENERGSNWFSRLERALV
ASKASLSLYNSLGEPVFLGPDYQLDPVLDRKKLLTLLNKDGKLVLGLNLVQISTKKTMNLNLEVRGAISNQ
EISKILKSWLETNLQGKLKTKDDLOMALVKDKISLSDYWYGSPNSKVNTSQILTKSKEFKDLFDLSETNFF
LNTKIGTVYLSIIPKLLDPSQISVVDKKKLVENQKIRFEITASLKRKAIDKKFIIQDLPVFVDLKVDFNKY
QAAVAQMFGTIKAVKEFSMPEDQDA (SEQ ID NO: 18)
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ATGAAARACAAAAAATCAACATTACTATTAGCCACAGCGGCGGCAATTATTGGTTCAACTGTTTTTGGGAC
AGTTGTTGGCTTGGCTTCAAAAGTTARATATCGGGGTGTAAATCCAACTCAAGGAGTAATATCTCAATTAG
GACTGATTGATTCTGTTGCATTTAAACCTTCGATTGCAAATTTTACAAGCGATTATCARAGTGTTAAAARA
GCACTTTTAAATGGGAAAACCTTTGATCCAAAAAGTTCAGAATTTACTGATTTTGTCTCAAAATTTGACTT
TTTGACTAATAATGGGAGAACCGTTTTGGAGATCCCGAAAAAATATCAGGTGGTTATCTCGGAATTTAGCC
CCGAGGATGATAAAGAACGTTTTCGTCTTGGATTTCATCTAAAAGAAAAACTTGAAGATGGARATATAGCT
CAATCAGCAACTAAATTTATTTATCTTTTACCACTTGATATGCCCARAGCGGCCCTGGGTCAATATTCTTA
TATCGTTGATAAAAATTTTAATAATTTAATTATCCATCCTTTATCTAATTTTTCTGCTCAATCAATARAGC
CGCTTGCACTGACCCGTTCAAGTGATTTTATAGCAAAACTTAATCAGT TTAAAAATCAGGACGAACTTTGA
GTTTATCTTGAAAAATTCTTTGATCTTGAAGCTCTARAAGCAAATATTCGTTTGCAGACAGCCGATTTTAG
TTTTGAAAAAGGCAATTTAGTTGATCCTTTTGTTTATTCTTTTATTAGAAATCCGCAAAATGGAAAAGAAT
GAGCTAGTGATCTTAATCAAGATCAAAAAACCGTCAGACTTTATCTTCGAACCGAATTTAGTCCTCAGGCT
ARAACCATTTTAAAAGACTATAARATACAAAGATGAGACTTTCTTAAGTAGTATCGATTTAAAAGCAAGTAA
TGGAACTAGTTTATTTGCTAATGAAAATGATCTAAAAGATCAATTAGATGTTGATCTTTTAGATGTCTCTG
ATTATTTTGGAGGCCAATCAGAGACAATTACTAGTAATTCCCAAGTTAAACCTGTCCCTGCTAGTGAGAGA
TCTTTAAAAGATCGGGTTAARATTTAAAAAAGATCAGCAAAAACCAAGAATTGAGAAATTTAGTTTATATGA
ATATGATGCTCTAAGTTTTTATTCCCAACTTCAGGAATTAGTTTCTAAACCTAATTCAATTAAAGATTTAG
TTAATGCAACTTTAGCTCGTAATCTTCGGTTTTCATTAGGAAAATATAATTTTCTTTTTGATCGATTTAGCC
AGTCATCTTGATTATACTTTITTTAGTTTCAAAAGCAAAAATTARACAAAGTTCAATTACAAARAAATTATT
CATTGAATTACCAATCAAAATTAGTCTTAAATCTTCAATTTTAGGTGATCAAGAACCTAATATTAAAACTT
TATTCGAAAAAGAAGTAACTTTTAAATTAGATAACTTCCGTGATGTTGAAATCGAAAAAGCTTTTGGACTT
TTATATCCAGGTGTTAATGAAGAACTTGAACAAGCCCGAAGAGAGCAAAGAGCAAGTTTGGAARAAGAAAL
AGCGAAAAAGGGTCTTARAGAATTTAGCCAGCAAAAAGATCGAGAATTTAAAAGCAATAAATAATCAAGATG
GTCTTGAAGAAGATGATAATATTACTGAAAGACTTCCTGAGARATTCCCCGATTCAATATCAGCAAGAAARG
GCCGGTTTAGGTTCAAGTCCGGATAAACCTTATATGATAAAGGATGTCCAAAATCAACGTTATTATCTAGC
AAAATCACAAATTCAAGAACTAATTAAGGCCAAAGATTATACCAAATTAGCCARACTTTTATCCAATAGAC
ATACTTATAATATTTCTTTAAGATTAAAAGAACAACTTTTTGAAGTAAATCCAAGAATTCCAAGCTCTAGA
GATATAGAAAATGCAAAATTTGTTCTAGATAAAACCGAARAAAATAAATACTGGCAGATTTATTCAAGTGC
TTCTCCTGCTTTCCAAAATAAATGATCACTTTTTGGATATTACCGTTATTTATTAGGTCTTGATCCAAAAC
AARCAATCCACGAATTAGTAAAATTAGGACAAAAAGCGGGTCTTCAATTTGAAGGATATGAAAATCTTCCT
TCTGATTTCAATCTTGAAGATCTTAAGAATATTAGGATTAAAACACCT TTATTTAGTCAAAAAGATAATTT
CAAATTATCTTTACTTGATTTTAATAATTATTATGATGGTGAAATTAAAGCCCCAGAATTTGGTCTTCCTT
TATTTTTACCAAAAGAATTAAGAAAAAATAGTTCARATATTGGTAGTTCTCAAAACTCTAATAGCCCTTGA
GAACAAGAAATTATTAGCCAATTTAAAGATCAAAATCTATCTAATCAGGATCAGTTAGCCCAGTTTAGTAC
TAAAATCTGGGAAAAAATCATTGGTGATGAAAACGAATTTGATCARAATAACAGGCTTCAGTATAAACTTT
TAAAAGATCTTCAAGAATCTTGAATTAACAAAACTCGCGATAATCTTTATTGGACTTATC TAGGTGATARA
CTTAAAGTTAAACCAAAAAATAATTTAGATGCTAAATTTAGACAAATTTCCAATTTACAAGAGCTTTTAAC
TGCTTTTTATACCTCAGCTGCTCTTTCTAATAACTGAAATTATTATCAAGATTCAGGGGCAAAGT CAACTA
TTATTTTTGAAGAAATAGCTGAGCTAGATCCAAAAGTAAAAGAAAAAGTAGGAGCTGATGTTTATCAATTA
AAATTCCATTATGCAATCGGTTTTGATGATAATGCTGGCAAGTTTAATCAAGAAGTAATTCGTTCTTCAAG
TAGAACAATTTATCTTAAAACCTCAGGGAAATCCAAATTAGAAGCAGATACAATTGATCAACTTAATCAAG
CAGTTGAAAATGCACCTTTAGGTCTTCAAAGTTTTTATCTTGATACTGAAAGATTTGGGGTTTTCCAAADA
TTAGCAACTTCCTTAGCAGTTCAACATAAACAAAAAGAAAAACCACTACCTAAAAAACTARATAATGATGG
CTATACTTTAATTCATGATAAACTTAARAAACCAGTAATTCCCCAAATTAGTTCAAGTCCCGAAAAAGATT
GATTTGAAGGTAAATTAAATCAAAACGGGCAAAGCCAAAATGTAAATGTCTCAACTTTTGGTTCAATAATC
GAGTCCCCTTATTTTAGTACTAATTTCCAAGAAGAAGCTGATTTAGACCAAGARGGACAAGATGATTCAAA
ACAAGGAAATAAGAGCCTAGATAATCAAGAAGCAGGTCTTTTAAAACADAAACTGGCAATTTTATTAGGGA
ATCAATTTATCCAATATTATCAACAAAATGATAAAGAAATTGAATTCGAGAT TATCAATGTTGAGAAAGTT
TCAGAGCTTAGTTTCCGCGTTGAATTTAAATTAGCAAAAACTCTTGAAGACAACGGAARAACTATTCGAGT
TTTATCAGATGAGACAATGTCATTAATTGTTAATACTACAATTGAAAAAGCACCAGARATGAGTGCTGCTC
CCGAAGTATTCGATACTAAATGGGTTGAGCAATATGATCCAAGAACCCCGCTTGCGGCTAAGACAAAGTTT
GTCTTAAAATTCAAAGATCAAATACCAGTTGATGCCAGCGGAAATATTTCTGATAAATGACTAGCAAGTAT
TCCTTTGGTGATTCACCAGCAAATGTTGCGTCTTAGCCCGGTAGTTAAAACAATAAGAGAGCTTGGTCTAA
ARACTGAACAACAACAACAACAACAACAACARCAACAAAAGAAAGCTGTTAGAAAAGAAGAAGAACTGGAA
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ACCTATAATCCAAAAGACGAGTTTAATATTCTTAATCCTTTAACAAAAGCTCACCGTCTTACCTTATCARA
TTTAGTAAATAATGATCCAAATTATAAAATTGAAGATTTARAAGTAATCAAAAATGAAGCAGGTGATCATC
AATTAGAATTTTCTCTAAGAGCTAATAATATCAAAAGATTAATGAATACACCAATTACTTTTGCTGATTAT
AATCCCTTTTTCTATTTTAATGAGGACTGAAGARATATAGATARATATTTAAATAATAAAGGARATGTGAG
TTCTCAACAACAACAACAACAACAACAACAACCAGGCGGGGGTAATCAAGGCTCGGGTCTAATCCARAGAC
TTAATAAARATATTAAGCCCGAAACTTTTACCCCCGCACTCATAGCTCTTAAACGAGATAATAATACTAAT
CTTTCTAACTATTCTGATAAAATAATAATGATCAAACCAARATATTTGGTTGAACGATCAATTGGTGTTCC
CTGATCAACCGGCCTTGATGGTTATATTGCGTTCAGAACAACTCAAGGGCGGAACTTCCTCAAACGGTCAAA
AGCGATTTAAGCAAGATTTTATTCAGGCTTTAGGTCTTARARACACTGAATATCATGGTARACTAGGTCTT
TCAATTAGAATTTTTGATCCTGGAAATGAACTAGCAAAAATTAAGGATGCTTCAAATAAAAAAGGGGAAGA
AAAACTGTTAAAATCATATGATTTATTTAAAAACTATTTAAATGAATATGAGAAAAAATCCCCTAAAATTG
CTAAGGGATGAACAAATATTCATCCTGATCAAAAAGAATATCCAAATCCAAATCAAAAACTACCTGAAAAT
TATCTTAACCTAGTTTTAAATCAACCTTGAAAGGTTACTTTATATAATTCAAGTGATTTTATTACTAATTT
ATTTGTTGAACCTGAAGGCTCAGATCGGGGATCTGGAGCAAAATTAAAACAAGTAATCCAGAAGCAAGTTA
ATAATAACTATGCTGACTGGGEGTCTGCATATCTCACGTTCTGGTATGATAAAGATATCATTACCAATCAG
CCAAATGTTATAACTGCTAACATTGCTGATGTCTTTATTAAAGATGTAAAGGAACTTGAAGATAATACAAA
ACTAATTGCTCCAAATATTACTCAATGATGGCCARATATTAGCGGCTCAAAGGAGAARATTTTATAAGCCAA
CAGTGTTTTTTGGTAATTGAGAAAATGAAAACAGCAATATGAATTCCCAGGGGCAGACCCCTACCTGGGAG
AAGATCAGAGAAGGATTTGCTCTCCAAGCGCTTARATCCAGCTTTGATCAAAAAACAAGGACATTTGTCCT
TACAACAAATGCTCCTTTACCTTTATGAARATACGGACCATTAGGTTTCCARAATGGGCCGAATTTCAARA
CACAACATTGAAGGCTTGTTTTCCAAAATGATGATAACCAAATAGCCGCGCTARGAGTCCAGGAGCAAGAT
CGCCCAGAAAAATCAAGCGAAGATARAGACAAGCAAARATGGATTAAATTTAAAGTTGTTATCCCTGAAGA
AATGTTTAATTCCGGTAATATACGTTTTGTTGGGGTAATGCAGATCCAAGGTCCTAATACTTTATGACTTC
CAGTGATTAATTCTTCGGTTATCTATGACTTCTATCGCGGAACAGGAGATTCTAACGATGTCGCCAATCTT
AATGTAGCTCCTTGACAGGTTAAAACAATCGCATTTACAAATAACGCCTTTAATAATGTTTTCAAAGAGTT
TAATATCTCTAAAAAAATAGTAGAATAA (SEQ ID NO:19)
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MKNKKSTLLLATAAAIIGSTVFGTVVGLASKVKYRGVNPTQGVISQLGLIDSVAFKPSIANFTSDYQSVKK
ALLNGKTFDPKSSEFTDFVSKFDFLTNNGRTVLEIPKKYQVVISEFSPEDDKERFRLGFHLKEKLEDGNIA
QSATKFIYLLPLDMPKAALGQYSYIVDKNFNNLIIHPLSNFSAQSIKPLALTRSSDFIAKLNQFKNQDELW
VYLEKFFDLEALKANIRLQTADFSFEKGNLVDPFVYSFIRNPQNGKEWASDLNQDQKTVRLYLRTEFSPQA
KTILKDYKYKDETFLSSIDLKASNGTSLFANENDLKDQLDVDLLDVSDYFGGQSETITSNSQVKPVPASER
SLKDRVKFKKDQQKPRIEKFSLYEYDALSFYSQLQELVSKPNSIKDLVNATLARNLRFSLGKYNFLFDDLA
SHLDYTFLVSKAKIKQSSITKKLFIELPIKISLKSSILGDQEPNIKTLFEKEVIFKLDNFRDVEIEKAFGL
LYPGVNEELEQARREQRASLEKEKAKKGLKEFSQQKDENLKAINNQDGLEEDDNITERLPENSPIQYQQEK
AGLGSSPDKPYMIKDVQONQRYYLAKSQIQELIKAKDYTKLAKLLSNRHTYNISLRLKEQLFEVNPRIPSSR
DIENAKFVLDKTEKNKYWQIYSSASPAFQNKWSLFGYYRYLLGLDPKQTIHELVKLGQKAGLQFEGYENLP
SDFNLEDLKNIRIKTPLFSQKDNFKLSLLDFNNYYDGEIKAPEFGLPLFLPKELRKNSSNIGSSQNSNSPW
EQEIISQFKDQNLSNQDQLAQFSTKIWEKI IGDENEFDQNNRLOQYKLLKDLQESWINKTRDNLYWTYLGDK
LKVKPKNNLDAKFRQISNLQELLTAFYTSAALSNNWNYYQDSGAKSTIIFEEIAELDPKVKEKVGADVYQL
KFHYAIGFDDNAGKFNQEVIRSSSRTIYLKTSGKSKLEADTIDQLNQAVENAPLGLQSFYLDTERFGVFQK
LATSLAVQHKQKEKPLPKKLNNDGYTLIHDKLKKPVIPQISSSPEKDWFEGKLNQNGQSQNVNVSTFGSIT
ESPYFSTNFQEEADLDQEGQDDSKQGNKSLDNQEAGLLKQKLAILLGNQFIQYYQONDKEIEFEI INVEKV
SELSFRVEFKLAKTLEDNGKTIRVLSDETMSLIVNTTIEKAPEMSAAPEVFDTKWVEQYDPRTPLAAKTKF
VLKFKDQIPVDASGNISDKWLASIPLVIHQOMLRLSPVVKTIRELGLKTEQQQQQQQQQOQOKKAVRKEEELE
TYNPKDEFNILNPLTKAHRLTLSNLVNNDPNYKIEDLKVIKNEAGDHQLEFSLRANNIKRLMNTPITFADY
NPFFYFNEDWRNIDKYLNNKGNVSSQQQQQOQOQQPGGGNQGSGLIQRLNKNIKPETFTPALIALKRDNNTN
LSNYSDKIIMIKPKYLVERSIGVPWSTGLDGYIGSEQLKGGTSSNGQKRFKQDFIQALGLKNTEYHGKLGL
SIRIFDPGNELAKIKDASNKKGEEKLLKSYDLFKNYLNEYEKKSPKIAKGWTNIHPDQKEYPNPNQKLPEN
YLNLVLNQPWKVTLYNSSDFITNLFVEPEGSDRGSGAKLKQVIQKQVNNNYADWGSAYLTFWYDKDIITNQ
PNVITANIADVFIKDVKELEDNTKLIAPNITQWWPNISGSKEKFYKPTVFFGNWENENSNMNSQGQTPTWE
KIREGFALQALKSSFDQKTRTFVLTTNAPLPLWKYGPLGFQONGPNFKTQDWRLVFONDDNQIAAT.RVQEQD
RPEKSSEDKDKQKWIKFKVVIPEEMFNSGNIRFVGVMQIQGPNTLWLPVINSSVIYDFYRGTGDSNDVANL
NVAPWQVKTIAFTNNAFNNVFKEFNISKKIVE (SEQ ID NO: 20)
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