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The Mig protein gene of Streptococcus dysgalactiae, and the corresponding
amino acid sequence, is described, as is the use of the Mig protein in vaccine
compositions to prevent and treat bacterial infections in general, and mastitis
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IMMUNIZATION OF DAIRY CATTLE WITH MiS PROTEIN TECHNICAL FIELD

Thepresent invention relates generally to bacterial antigens and genes
encoding the same. More particularly, the present invention pertains
to the cloning, expression and characterization of the Mig
Fc-receptor protein from several Streptococcus bacteria species, and
the use of the same in vaccine compositions.

BACKGROUND Mastitis is an infection of the mammary gland usually
caused by bacteria or fungus.

The inflammatory response following infection results in decreased
milk yield as well as quality, and causes major annual economic
losses to the dairy industry.

Among the bacterial species most commonly associated with mastitis
ara various species of the genus Streptococcus, including
Streptococcus aureus, Btreptococcus uberis [ (UNTYPEABLE),]
Streptococcus agalactie (Lancefield group [B),] Streptococcus
dysgalactiae {Lancefield group C), [STREPTOCOCCUS ZOOEPIDEMICUS,
AND] the Lancefield groups D, G, L and N streptococcli. Some of those
species are contagions (e. g. 5. agalactiae), while others are
congidered environmental pathogens (e. g. §. [DYSGALACTIAE] and S.
[UBERIS) .]

The environmental pathogen 8. uberies is responsible for about 20% of
all c¢linical cases of mastitis (Bramley, A. J. [AND DODD,] F. H.
(1984) [J : DY. 51] : 481-512 ; Bramley, A. J. (1987) [ANIMAL HEALTH
NUTRITION 42] : 12-16; Watts, J. L. (1988) J. Dalry Sci. 71: 1616-
1624); it 1s the predominant organism isolated from mammary glands
during the non- lactating period (Bramley, A. J. (1984) Br. Vet. [J]
140: 328-335 ; Bramley and Dodd (1984) [J] [D. 51] : 481-512 ;
Oliver, 8. P. (1988) Am. J. Vet. Rea. 49: 1789-1793).

Maatitis resulting from infection with 8. [UBERIS] is commonly
[SUBCLINICAL,] characterized by apparently normal milk with an
increase in somatic cell counts due to the influx [OFLEUKOCYTES.]
The chemical composition of milk is changed due to suppression of
secretion with the transfer of sodium chloride and bicarbonate from
blood to milk, causing a shift of pH to a more alkaline level. S.
uberis mastitis may alsc take the form of an acute clinical
condition, with obvious signs of disease such as clots or
discoloration of the milk and swelling or hardness of the mammary
gland. Some cases of the clinical disease can be severe and pyrexia
may be present. For a review of the clinical manifestations [OF 8.
UBERIS] mastitis, see, Bramley (1991) Mastitis: physioclogy or
pathology. p. 3-9. In C. Burvenich, Q.

[VANDEPUTTE-VAN] Messom, and A. W. Hill (ed.), New insights into the
pathogenesis of mastitis. [LLIJKSUNIVERSITEIT] Gent, Belgium ; and
Bchalm et al. (1971) The mastitis complex-A brief summary. p. [1-3.]
In Bovine Mastitis. Lea & Febiger, Philadelphia.

Conventional antibacterial control methods such as teat dipping and
antibiotic therapy are effective in the control of many types of
contagious mastitis, but the environmental organisms typically found
in all daixy barnme are often resistant to such measures. Vaccination
is therefore an attractive strategy to prevent infections of the
mammary glands, and has been shown to be beneficial in the case of
some contagious mastitis pathogens.

However, the literature 1s limited regarding vaccination studies
with environmental pathogens such as 8. dysgalactiae and [8.
UBERIS,] and variable results have been observed. In gome cases,
immunization has resulted in increased sensitivity to the specific
organism and in other cases strain-specific protection has been
obtained.

For example, previous studies have shown that primary infection with
8 uberis can considerably reduce the rate of infection following a
second challenge with the same strain (Hill, A. W. {1988) Res. Vet.
Sci. 44: [386-387).] Local vaccination with killed S. [UBERIS]
protects the bovine mammary gland against intramammary challenge
with the homologous strain (Finch et al. (1994) Infect. Immun. 62:
3599-3603) . 8imilarly, subcutaneocus vaccination with live 8. uberis
has been shown to cause a dramatic modification of the pathogenesis
of mastitis with the same strain (Hill et al. (1994} (FEMS IMMUNOL.
MED. ]

[MICROBIOL. 8 :] 109-118). Animals vaccinated in this way shed fewer
bacteria in their milk and many quarters remain free of infection.
Nonetheless, vaccination with live or attenuated bacteria can pose
risks to the recipient. Furthexr, it is clear that conventional
killed vaccines are in general largely ineffective against 8. uberis
and §. agalactiae, either due to lack of protective antigens on in
vitro-grown cells or masking of these antigens by molecular mimicry.
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The current lack of existing mastitis vaccines againgt 5. agalactiae
or the contagious streptococcus strainse 1s due at least in part to a
lack of knowledge regarding the virulence determinantse and
protective antigens produced by those organisms which are involved
in invasion and protection of the mammary gland (Collins et al.
(1988) [J DAIRY RES.] 55: 25-32; Leigh et al. (1990) Res. Vet. Bci.
49: B5-87 ; Marshall et al. (1986) [J. DAIRY RES, 53] : 507-514).

8. dysgalactiae is known to bind several extracellular and
plasma-derived proteins such as fibronectin, fibrinogen, collagen,
[ALPHA-II-MACROGLOBULIN,] IgG, albumin and other compounds. The
organism also produces hyaluronidase and fibrinolysin and is capable
of adhering to and invading bovine mammary epithelial cells.
However, the exact roles of the bacterial components responsible for
these phenotypes in pathogenesis is not known.

8lmilarly, the pathogenesis of 5. uberie infection is poorly
understood. Furthermore, the influence [OF 8. UBERIS] virulence
factors on hopt defense mechanisms and mammary gland physiology is
not well defined. Known virulence factors assoclated with 5. uberis
include a hyaluronic acid cepsule (Hill, A. W. (1988) Res. Vet. Sci.
45: 400-404), hyaluronidase (8chaufuss et al. (1989) [ZENTRALBL.
BAKTERIOL. SER. A 271] : 46-53), R-like protein (Groechup, M. H. and
Timoney, J. P. {(1993) Rea. Vet. Bcl. 54: 124-126), and a
cohemolysin, the CAMP factor, also known as [UBERIS] factor (Skalka,
[B.] and Smola, J. [{(1981) ZEHTALBEL. BAKTEIOL.]

Ber. A 249: 190-194), [R-LIXE] protein, plasminogen activator and
CAMP factor. However, very little ip kmown of their roles in
pathogenicity.

The use of virulence determinants from Streptococcus as immunogenic
agents has been proposed. For example, the CAMP factor of [S.
UBERIS] hae been shown to protect vertebrate subject from infection
by that organism (Jiang, et al., U. 8. Patent No. 5,863,543).

The [Y] antigen of the group B Btreptococcl strain A909%9 (ATCC No.
27591) 1s a component of the ¢ protein marker complex, which
additionally comprises an a and [P] subunit (Boyle, U. §. Patent No.
5,721,339). Subsets of serotype [LA,] II, and virtually all serotype
Ib cells of group B streptococci, have been reported to express
components of the ¢ protein. Use of the [Y] subunit as an
immunogenic agent against infections by Lancefield Group B
Streptococcus infection has been proposed. However, its use to
prevent or treat bacterial infections in animals, including mastitis
in cattle, has not been studied.

The group A streptococcal M protein is considered to be one of the
major virulence factors of this organism by virtue of ite ability to
impede attack by human phagocytes (Lancefield, R. C. (1962} J.
Immunol. 89: 307-313). The bacteria persist in the infected tissue
until antibodies are produced againast the M molecule. Type-specific
antibodies to the M protein are able to reverse the antiphagocytic
effect of the molecule and allow efficient c¢learance of the invading
organism.

M proteins are one of the key virulence factors of Streptococcus
pyogenes, due to their involvement in mediating resistance to
phagocytosis (Kehoe, M. A. [(1991) VACCINE] 9: 797-806) and their
ability to induce potentially harmful host immune responses via
thelr superantigenicity and their capacity to induce
host-croes-reactive antibody responses (Bisno, A. L. (1991) New
Engl. J. Med. 325: 783-793; Froude et al. (1989) Curr. Top.
[MICROBIOL.]

Immunol. 145: [5-26] ; [STOLLERMAN,] G. H. (1991) [CLIN. IMMUNOL.
IMMUNOPATHOL.] 61: 131-142).

However, obstacles exist to ueing intact M proteins as vaccines. The
protein's opsonic epitopee are extremely type-specific, resulting in
narrow, type-specific protection.

Further, some M proteins appear to contain epitopes that croes react
with tissues of the immunized subject, cauvsing a harmful autoimmune
response (See o. g. Dale, J. G. and Beachey, E. H. (1982) [R] Exp.
[MED 156] : 1165-1176; Dale, J. B. and Beachey, E. H. [{1585)] [Al]
[EXP.] Med. 161: 113-122 ; Baird, R. W., Bronze, M. 8., Draus, W.,
Hill, H. R., Veasey, L. G. and Dale, J. B. (1991) [J IMMUN. 146]
[3132-3137 ;] Bronze, M. 8. and Dale, J. B. (1993) J Immun 151:
2820-2828; Cunningham, M. W. and Ruesell, S. M. (1983) Infect.
Immun. 42: [531-538)}.]

Chimeric proteine containing three different fibronectin binding
domaine [(FNBDS)] derived from fibronectin binding proteins of 8.
dysgalactiae and Btaphylococcus aureus have been expressed on the
surface of [STAPH.] [CARNOBUS] cells. In the case of one of these



proteins, intranasal immunizations with live recombinant [STAPH.]
[CARNOBUS] cells expressing the chimeric protein on their surface
resulted in an improved antibody response to a model immunogen
present within the chimeric surface protein (Liljeqvist, 8. et al.
(1999) FEBS Letters 446: 259-3104).

Bacterial Fc receptors (surface moieties that bind to immunoglobulin
molecules through & non-immune mechaniem, i. e., to the Fc portion
of the antibody) are a class of binding proteins further categorized
by their reactivity with different classes and subclasses of
mammalian immunoglobulins. The type I receptor {(aleo known as
Protein A), the most extensively studied and characterized, has been
isolated from [STAPL2YLOCOCCUS AUREUS,] and binds to IgG types 1,2
and 4; this receptor type further exhibitse cross-reactivity with Igh
and IgM. The type II Fc receptor, found on a few Lancefield Group A
streptococci, and the type III receptor {(also known as Protein G),
found on the majority of human group € and group G strains of
atreptococcus, have been reported to react with all four types of
Ig@. In the case of the type III receptor, binding to IgG is highly
specific ; the protein does not cross-react with Igh or IgM. The
type IV receptor 1s found in certain bovine group @ streptococci,
and the type V receptor is found on certain strains [OF
STREPTOCOCCUS ZOOEPIDEMICUS.] The type VI Fc receptor has been
isolated from 8. [ZOOEPIDEMICUS] gtrains [S212] and RS5-212, and
binds rat IgG with high affinity, i. e., 100 times that of Protein A
binding, and 30 to 40 times ams great as Protein @ binding. (Boyle,
et al., U. 8. Patent Ko. 4,977,082). For a discuspion of Fc
receptors, see Langone (1982) Adv. Immunol. 32: 167 and Myhre et al.
{1984) Basic Concepts of Streptococcl and Streptococcal Diseases
(Holm & Christensen, eds.) Redbook Ltd., Chertsey, Surrey, England.
Utility for Pc binding proteins have to date been limited to
antibody detection and purification. With respect to clinical
applications, [A] method of extracorporeal blood treatment of
autoimmine disease which employs Fc binding proteins to remove
antigen- antibody complexes has been proposed (see e. g. Fahnestock,
U. 5. Patent No. 4,954,618).

However, their upe in vaccine compositions has not previously been
described nor suggested.

Until now, the protective capability of the 8. dysgalactiae Mig
protein againet mastitis has not been studied, nor has the S.
dysgalactiae Mig protein been isolated or characterized.

SUMMARY OF THE INVENTION Accordingly, the present invention provides
Fc receptor proteins and uses therefor.

In one embodiment, the invention is directed to a vaccine
composition comprising a pharmaceutically acceptable vehicle and an
Fc receptor protein. In certain embodiments, the Fc receptor protein
is selected from the group consisting of : (a) a SBtreptococcus
dysgalactiae Mig protein comprising the amino acid sequence shown at
amino acid positions 1 to 669, inclusive, of Fiqures 1A-1D (SEQ ID
NO : 4); (b) an Fc receptor protein having at least about 70%
sequence identity to (a) ; and {(¢) immunogenic fragments of {a) and
(b), said fragments comprising at least about 5 amino acids.

In some embodiments, the vaccine composition comprises and adjuvant.

In yet further embodiments, the invention is directed to a method of
producing a vaccine composition. The method comprises the steps of
(a) providing an Fc receptor protein or an immunogenic fragment
thereof, the fragment comprising at least about 5 amino acids, ang
(b) combining eaid protein with a pharmaceutically acceptable
vehicle.

In another embodiment, the invention is directed to a method of
treating or preventing a bacterial infection in a vertebrate
subject. The method comprisee administering to the subject a
therapeutically effective amount of a vaccine composition as
deacribed above.

In certain embodiments the bacterial infection is a streptococcal
infection.

Additionally, the bacterial infection may cause mastitis.

In yet another embodiment, the invention is directed to a method of
treating or preventing a bacterial.infection in a vertebrate subject
comprising administering to the subject a therapeutically effective
amount of a polynucleotide that comprises a coding sequence for an
Fc receptor protein.

In certain embodiments, the bacterial infection is a streptococcal
infection and may cause mastitis.

These and other embodiments of the present invention will readily
cccur to those of ordinary skill in the art in view of the



disclosure herein.

BRIEF DESCRIPTION OF THE FIGURES Figures [1A-1D) depict the
polynucleotide sequence encoding the Streptococcus dysgalactiae Mig
protein, and the amino acid sequence deduced therefrom [(SEQ ID NO]
: 3 and SEQ ID NO : 4, respectively).

Figure 2 presents the following results for peptide structure
analysis of the 8. dysgalactiae Mig protein a: Kyle-Doolittle
Hydropathy plot ("KD Hydrophilicity"), averaged over a window of 7;
an Eminl surface probability plot ("Surface Prob."); a
Karplus-Schulz chain flexibility plot ("Flexibility"); a
[JAMESON-WOLF ANTIGENIC] index plot, and both Chou- Fasman and
[GARNIER-OSGUTHORPE-ROBSON] secondary structure plots ("CF Alpha
Helices"and "CF Beta Sheets" ; and"GOR Turns, ""GOR Alpha

Helices, ""GOR Beta Sheets, "and "Glycosylation Sites, "respectively).
Figure 3 is a Chou-Fasman secondary structure plot for the S.
dysgalactiae Mig protein.

Figure 4 compares the change in the percentage of udder quarters
infected with 8. dysgalactiae over a 7 day period among three
experimental groups: (1) unvaccinated control animals; (2) animals
vaccinated with the Mig protein ; and (3) animals vaccinated with
@GapC, a plasmin binding protein isclated from S. dysgalactiae that
wag simultaneously evaluated.

Infection was defined as recovery [OF &GT;500 CFU OF THE S.
DYSGALACTIAE] per ml of milk secretions.

Figure 5 depicts the observed inflammatory response to infection
with 8. dysgalactiae plotted as mean somatic cell counts (5CC) for
each experimental group versus time in days post challenge. In the
figure, diamonds [{-+-)] represent unchallenged, unvaccinated
quarters, squares [(-M-)] represent challenged, unvaccinated
animals, triangles [(-A-)] represent challenged, Mig-vaccinated
animals, and x's (-X-) represent challenged, GapC-vaccinated
animals.

Figure 6 illustrates somatic cell counts per mammary quarter on day
1 post-challenge.

In the figure, the bar represents the mean for each group. Squares
[{--)] represent unvaccinated animals; triangles [{-¢-}] represent
GapC-vaccinated animals, and inverted triangles represent
Mig-vaccinated animals.

DETAILED DESCRIPTION OF THE INVENTION The practice of the present
invention will employ, unless otherwise indicated, conventional
techniques of molecular biology, microbiology, recombinant DNA
technology, and immunology, which are within the skill of the art.
Such technigues are explained fully in the literature. Bee, e. g.,
Sambrook, Fritach & Maniatis, Molecular Cloning : A Laboratory
Manual, Vols. [I,] II and III, Second Edition (1989); Perbal, B., A
Practical Guide to Molecular [CLORAING] (1584); the series, Methods
In [ENZYMOLOGY] (5. Colowick and N. Kaplan eds., Academic Press,
Inc.); and Handbook of Experimental Immunology, Vols. [I-IV] (D. M.
Welr and C. C. Blackwell eds., 1986, [BLACKWELL] Scientific
Publications) .

The following amino acid abbreviations are used throughout the text:
Alanine: Ala (A) Arginine: Arg (R) Asparagine: Asn (N} Aspartic
acid: Asp (D) Cysteine: Cys (C} Glutamine: Gln (Q) Glutamic acid:
Glu (E) Qlycine: Oly (@) Histidine: His (H) Isoleucine: [ILE] [(I)]
Leucine: Leu (L) Lysine: Lys (K) Methionine: Met (M) Phenylalanine :
Phe {(F) Proline: Pro (P) Serine: Ser (8) Threonine: [TLIR] (T)
Tryptophan: Trp [(W)] Tyrosine: Tyr (Y) Valine: Vval (V) 1.
DEFINITIONS In describing the present invention, the following terms
will be employed, and are intended to be defined as indicated below.

It must be noted that, as used in this specification and the
appended claims, the singular forms"a","an"and"the"include plural
referents unless the content clearly dictatee otherwise. Thus, for
example, reference to"a Streptococcus [DYSGALACTIAE] Fc binding
proteinTincludes a mixture of two or more such proteins, and the n
The terms"Fc receptor [PROTEIN'AND"FC] binding protein, "used
interchangeably herein, denote a bacterial protein capable of
binding to immunoglobulin molecules at a site other than the antigen
recognition site, including without limitation the Fc region of an
immunoglobulin molecule.

The terms"Mig protein'and"™™ig Fec receptor protein"and"™ig Fc binding
protein" (used interchangeably herein) or a nucleotide sequence
encoding the same, intends a protein or a nucleotide sequence,
respectively, which is derived from a Mig gene found in a varlety of
bacterial species, including, without limitation, certain strains of
group A streptococci.




The nucleotide sequence of a representative Streptococcus Mig gene
from §. [DYSGALACTIAE] (SEQ ID NO : 3), and the corresponding amino
aclid sequence encoded by that gene (BEQ ID NO : 4), ip depicted in
Fiqures [LA-1D.] However, a Mig protein as defined herein is not
limited to the depicted sequences as subtypes of each of these
fStreptococcus specles are known and variations in Mig proteins will
occur between them.

A representative Mig gene derived from [5.] dysgalactiae is found in
the plasmid [PAAS505MIG.]

Furthermore, the derived protein or nucleotide sequences need not be
physically derived from the gene described above, but may be
generated in any manner, including for example, chemical synthesis,
isolation (e. g., from 8 dysgalactiae) or by recombinant production,
based on the information provided herein. Additionally, the term
intends proteins having amino acid sequences substantially
homologous (as defined below) to contiguous amino acid sequences
encoded by the genes, which display immnological and/or
plasmin-binding activity.

Thus, the terms intend full-length, as well as immunogenic,
truncated and partial sequences, and active analogs and precursor
forma of the proteins. Also included in the term are nucleotide
fragments of the gene that include at least about 8 contiguous base
palrs, more preferably at least about 10-20 contiguous base pairs,
and most preferably at least about 15 to 50, or more, contiguous
base pairs of the gene, or any integers between these values. Such
fragmente are useful as probes and in diagmostic methods, discussed
more fully below.

The terme also include those forms possessing, as well as lacking, a
seignal sequence, if such is present, as well as the nucleic acid
sequences coding therefore. Additionally, the term intends forms of
the Mig proteins which lack a membrane anchor region, and nucleic
acld sequences encoding proteins with such deletions. Such deletions
may be desirable in systems that do not provide for secretion of the
protein. Furthermore, the Fc receptor- binding domains of the
proteins, may or may not be present. Thus, for example, if the Mig
Fc binding protein will be used to purify immunoglobulin, the Fc
binding domain will generally be retained. If the protein is to be
used in vaccine compositions, immunogenic epitopes which may or may
not include the Fc receptor binding domain, will be present.

The terms also include proteins in neutral form or in the form of
basiec or acid addition salts depending on the mode of preparation.
Such acid addition salts may involve free amino groups and basic
galte may be formed with free carboxyls. Pharmaceutically acceptable
basic and acid addition saltse are discussed further below. In
addition, the proteins may be modified by combination with other
biological materials such as lipide (both those occurring naturally
with the molecule or other lipids that do not destroy immunological
activity) and saccharides, or by side chain modification, such as
acetylation of amino groups, phosphorylation of hydroxyl side
chains, oxidation of sulfhydryl groups, glycosylation of amino acid
residues, as well as other modifications of the encoded primary
sequence.

The term therefore intends deletions, additions and substitutions to
the sequence, so long as the polypeptide functions to produce an
immunological response as defined herein.

In this regard, particularly preferred substitutions will generally
be conservative in nature, i. e., those substitutions that take
place within a family of aminoc acids. For example, amino acids are
generally divided into four families: (1) acidic--aspartate and
glutamate ; (2) basic [--LYSINE,] arginine, histidine ; (3)
non-polar--alanine, valine, leucine, isoleucine, proline,
[PEBENYLALANINE,) methionine, tryptophan; and (4) uncharged
pelar--glycine, asparagine, glutamine, cystine, serine threonine,
tyrosine. Phenylalanine, tryptophan, and tyrosine are sometimes
clagaified as aromatic amino acids. For example, it is reasonably
predictable that an isolated replacement of leucine with isoleucine
or valine, or vice versa; an aspartate with a glutamate or vice
veraa ; a threonine with a serine or vice versa; or a similar
conservative replacement of an amino acid with a structurally
related amino acid, will not have a major effect on the bioclogical
activity. Proteins having substantially the same amino acid sequence
as the reference molecule, but possessing minor amino acid
substitutions that do not substantially affect the immunogenicity
and/or plasmin-binding affinity of the protein, are therefore within
the definition of the reference polypeptide.

For example, the polypeptide of interest may include up to about
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5-10 conservative or non-conservative amino acid substitutions, or
even up to about 15-25 or 20-50 conservative or non-conservative
amino acid substitutions, or any integer between these values, so
long as the desired function of the molecule remains intact.
Similarly, substitutions occurring in the transmembrane binding
domain, if present, and the signal sequence, if present, normally
will not affect immunogenicity. One of skill in the art may readily
determine other regions of the molecule of interest that can
tolerate change by reference to the peptide structure plots shown in
Figure 2 and Figure 3 herein.

The [TERM"BTREPTOCOCCAL) Mig protein"intends a Mig Fc binding
protein, as defined above, derived from a streptococcal species that
produces the same, including, but not limited to §. dysgalactiae.
For example, a"S. dysgalactiae Mig protein"is a Fc binding protein
as defined above, derived from 5. dysgalactiae.

"§ild type"or"native®proteins or polypeptides refer to proteins or
polypeptides lsolated from the socurce in which the proteins
naturally occur."Recombinant"polypeptides refer to polypeptides
produced by recombinant DNA techniques ; 1. e., produced from cells
transformed by an exogenous DNA construct encoding the desired
polypeptide."Synthetic® polypeptides are those prepared by chemical
gynthesis.

An"isolated"protein or polypeptide is a protein or polypeptide
molecule separate and discrete from the whole organism with which
the molecule is found in nature; or a protein or polypeptide devoid,
in whole or part, of sequences normally associated with it in nature
;: or [A] sequence, as it exists in nature, but having heterologous
sequences (ap defined below) in association therewith.

The [TERM"FUNCTIONALLY] equivalent"intends that the amino acid
sequence of a Mig Fc binding protein is one that will elicit a
substantially equivalent or enhanced immunological response, as
defined above, as compared to the response elicited by a Fc binding
protein having identity with the reference Fc binding protein, or an
imminogenic portion thereof.

The term"epitope"refers to the site on an antigen or hapten to which
specific B cells and/or T cells respond. The term is alsco used
interchangeably with"antigenic determinant" or"antigenic determinant
site."Antibodies that recognize the same epitope can be identified
in a simple immunoassay showing the ability of one antibody to block
the binding of another antibody to a target antigen.

The [TERMS"IMMUNOGENIC"PROTEIN] or polypeptide refer to an amino
acid sequence which elicits an immunological response as deacribed
below. [AN"IMMUNOGENIC"PROTEIN] or polypeptide, as used herein,
includes the full-length sequence of the Fc receptor protein in
question, with or without the signal sequence, membrane anchor
domain and/or Fc binding domain, analogs thereof, or immunogenic
fragments thereof.

[BY"IMMUNOGENIC] fragment"is meant a fragment of an Fc receptor
protein which includes one or more epitopes and thus elicits the
immunological response described below.

Such fragments can be identified using any number of epitope mapping
techniques, well mown in the art. See, e. g., Epitope Mapping
Protocols in Methods in Molecular Biclogy, Vol. 66 (Glenn E. Morris,
Ed., 1996) Humana Press, Totowa, New Jersey. For example, linear
epitopes may be determined by e. g., concurrently synthesizing large
numbers of peptides on solid supports, the peptides corresponding to
portions of the protein molecule, and reacting the peptides with
antibodies while the peptides are still attached to the supports.
Such techniques are known in the art and described in, e. g., U. 8.
Patent No. 4,708,871 ; Geysen et al. (1984) [PROC.] ([NATL. ACAD.
SCI. USA] 81: [3998-4002 ;] Geysen et al. (1986) Molec.

Immunol. 23: 709-715.

Simlilarly, conformational epltopes are readily identified by
determining spatial conformation of amino acids such as by, e. g.,
x-ray crystallography and 2-dimensional nuclear magnetic resonance.
fSee, e. g., [EPITOPE MAPPINGPROTOCOLE, BUPRA.] Antigenic regions of
proteins can also be identified using standard antigenicity and
hydropathy plots, such as those calculated using, e. g., the Omiga
version 1.0 software program avallable from the Oxford Molecular
Group. This computer program employs the Hopp/Woods method, Hopp et
al., Proc. Natl. Acad. Bci USA (1981) 78: [3824-3828] for
determining antigenicity profiles, and the Kyte-Doolittle technique,
Kyte et al., [J MOL. BIOL.] (1982) 157: 105-132 for hydropathy
plots. Figures 2 and 3 herein depict Kyte-Doolittle profiles for
representative proteins encompassed by the invention.

Immunogenic fragmentse, for purposes of the present invention, will




usually include at least about 3 amino acids, preferably at least
about 5 amino acids, more preferably at least about 10-15 amino
acids, and most preferably 25 or more amino acids, of the parent Mig
Fc receptor protein molecule. There is no critical upper limit to
the length of the fragment, which may comprise nearly the
full-length of the protein sequence, or even a fusion protein
comprising two or more epitopes of Mig.

An"immunogenic composition"is a compoeition that comprises an
antigenic molecule where administration of the composition to a
subject results in the development in the subject of a humoral
and/or a cellular immune response to the antigenic molecule of
interest.

[BY"SUBUNIT] vaccine composition"is meant a composition containing
at least one immunogenic polypeptide, but not all antigens, derived
from or homologous to an antigen from a pathogen of interest. Such a
composition is substantially free of intact pathogen cells or
particles, or the lysate of such cells or particles. Thus, a"subunit
vaccine composition"is prepared from at least partially purified
(preferably substantially purified) immunogenic polypeptides from
the pathogen, or recombinant analogs thereof. A subunit vaccine
composition can comprise the subunit antigen or antigens of interest
substantially free of other antigens or polypeptides from the
pathogen.

By"pharmaceutically acceptable"or"pharmacologically acceptable®is
meant a material which is not blologically or otherwise undesirable,
i. e., the material may be administered to an individual in a
formulation or composition without causing any undesirable
biological effects or interacting in a deleterious manner with any
of the components of the composition in which it is contained.
An"immunological response"to a composition or vaccine is the
development in the host of a cellular and/or antibody-mediated
immune response to the composition or vaccine of interest. Usually,
an"immnological response”includes but i1s not limited to one or more
of the following effects: the production of antibodies, B cells,
helper T cells, suppressor T cells, and/or cytotoxic T cells
and/ory8 T cells; directed specifically to an antigen or antigens
included in the composition or vaccine of interest. Preferably, the
host will display either a therapeutic or protective immunoclogical
response such that resistance of the mammary gland to new infection
will be enhanced and/or the clinical severity of the disease
reduced. Such protection will be demonstrated by either a reduction
or lack of symptoms normally displayed by an infected host and/or a
quicker recovery time.

By"nucleic acid [IMMUNIZATION"IS] meant the introduction of a
nucleic acid molecule encoding one or more selected antigens into a
host cell, for the in vivo expression of an antigen, antigens, an
epltope, or epitopes. The nucleic acid molecule can be introduced
directly into a recipient subject, such as by injection, inhalation,
oral, intranasal and mucosal administration, or the like, or can be
introduced ex vivo, into cells which have been removed from the
host. In the latter case, the transformed cells are reintroduced
into the subject where an immune response can be mounted against the
antigen encoded by the nucleic acid molecule.

The [TERM"TREATMENT"AS] used hereln refers to either (1) the
prevention of infection or reinfection (prophylaxis), or (2) the
reduction or elimination of symptoms of the disease of interest
{therapy) .

By"mastitis"is meant an inflammation of the mammary gland in
mammals, including in cows, ewes, gocats, sows, mares, and the like,
caused by the presence [OF 5.] [UBERIS.] The infection manifests
iteelf by the infiltration of phagocytic cells in the gland.
Generally, 4 clinical types of mastitis are recognized : (1)
peracute, associated with swelling, heat, pain, and abnormal
secretion in the gland and accompanied by fever and other signs of
systemic disturbance, such as marked depression, rapid weak pulse,
sunken eyes, weakness and complete anorexia; (2) acute, with changes
in the gland similar to those above but where fever, anorexia and
depression are slight to moderate; (3) subacute, where no systemic
changes are displayed and the changes in the gland and ite secretion
are less marked: and (4) [SUBCLINICAL,] where the inflammatory
reaction is detectable only by standard tests for mastitis.

Standard tests for the detection of mastitis include but are not
limited to, the California Mastitis Test, the Wisconsin Mastitis
Test, the [NAGASE] test, the electronic cell count and somatic cell
counts used to detect a persistently high white blood cell content
in milk. In general, a somatic cell count of about 300,000 to about
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500,000 cells per ml or higher, in milk will indicate the presence
of infection. Thus, a vaccine is considered effective in the
treatment and/or prevention of mastitis when, for example, the
somatic cell count in milk is retained below about 500,000 cells per
ml. For a discuesion of mastitis and the diagnosis thereof, see, e.
g., [THE MERCK VETERINARY MANUAL : A HANDBOOK OF DIAGYCOSIS,]
Therapy, [AND DISEASE PREVENTION AND CONTROLFOR THE VETERINARIAN,
MERCK] and Co., Rahway, New Jersey, ([1991.]

By the [TERMS'VERTEBRATE, ""SUBJECT, "AND"VERTEBRATE SUBJECT"ARE]
meant any member of the subphylum [CHORDATA,] including, without
limitation, mammals such as cattle, sheep, pigs, goats, horses, and
humane; domestic animals such as dogs and cats; and birds, including
domestic, wild and game birds such as cocks and hens including
chickena, turkeys and other gallinaceous birds; and fish. The term
does not denote a particular age. Thus, both adult and newborn
animals, as well as fetuses, are lntended to be covered.

A"mucleic acid"molecule can include, but is not limited to,
procaryotic sequences, eucaryotic [MRNA,] cDNA from eucaryotic
[MRMA,] genomic DNA sequences from eucaryotic [(E.] g., mammalian)
DNA, and even synthetic DNA sequences. The term also captures
sequences that include any of the known base analogs of DNA and RNA.

[AN™ISOLATED"NUCLEIC] acid molecule is a nucleic acid molecule
separate and discrete from the whole organism with which the
molecule is found in nature; or a nucleic acid molecule devoid, in
whole or part, of sequences normally associated with it in nature;
or a sequence, as it exists in nature, but having heterologous
sequences {(ap defined below) in association therewith. The
term"igolated"in the context of a polynucleotide intends that the
polynucleotide is isolated from the chromosome with which it is [
normally assoclated, and is isolated from the complete genomic
sequence in which it normally occurs.

"Purified [POLYNUCLEOTIDE"REFERB] to a polynucleotide of interest or
fragment thereof which is essentially free, e. g., containes less
than about 50%, preferably less than about 70%, and more preferably
leps than about 50%, of the protein with which the polynucleotide is
naturally assoclated. Techniques for purifying polynucleotides of
interept are well-known in the art and include, for example,
disruption of the cell containing the polynucleoctide with a
chaotropic agent and separation of the polynucleotide (s) and
proteins by lon-exchange chromatography, affinity chromatography and
sedimentation according to density.

A"coding sequence"or a'nucleotide sequence encoding"a particular
protein, is a nucleotide sequence which is transcribed and
translated into a polypeptide in vitro or in vivo when placed under
the control of appropriate regulatory elements. The boundaries of
the coding sequence are determined by a start codon at the 5°

{amino) terminus and a translation stop codon at the 3' (carboxy)
terminus. A coding segquence can include, but is not limited to,
procaryotic sequences, cDNA from eucaryotic [MRNA,] genomic DNA
sequences from eucaryotic (e. g., mammalian) DNA, and even synthetic
DNA sequences. A transcription termination sequence will usually be
located 3'to the coding sequence. A'"complementary"” sequence i1s one
in which the nitrogenous base at a given nucleotide position is the
complement of the nitrogenous base appearing at the same position in
the reference sequence. To illustrate, the complement of adenosine
is tyrosine, and vice versa; similarly, cytosine is complementary to
guanine, and vice versa; hence, the complement of the reference
sequence 5'-ATGCTAA-3'would be 5'-TACGACT-3°'.
A'wild-type"or"native"sequence, as used herein, refers to
polypeptide encoding sequences that are essentially as they are
fournd in nature, e. g., the 5. dysgalactiae Mig protein coding
sequences depicted in Figures [IA-LD] (SEQ [ID] RO : 4).
"Recombinant"as used herein to describe a nucleic acid molecule
means a polynucleotide [OF GENOMIC, CDNA,] semisynthetic, or
aynthetic origin which, by virtue of its origim or manipulation: (1)
is not associated with all or a portion of the polynucleotide with
which it is associated in nature; and/or (2) is linked to a
polynucleotide other than that to which it is linked in nature. The
[TERM"RECOMBINANT"AS] used with respect to a protein or polypeptide
means a polypeptide produced by expression of a recombinant
polynucleotide.

"Recombinant host cells,""host cells, ""cells,""cell lines, ""cell
cultures, "and other such terms denoting procaryotic microorganisms
or eucaryotic cell lines cultured as unicellular entities, are used
interchangeably, and refer to cells which can be, or have been, used



as recipients for recombinant vectors or other transfer DNA, and
include the progeny of the original cell which bhas been transfected.
It ie understood that the progeny of a single parental cell may not
necessarily be completely identical in morphology or in genmomic or
total DNA complement to the original parent, due to accidental or
deliberate mutation.

Progeny of the parental cell which are sufficiently similar to the
parent to be characterized by the relevant property, such as the
presence of a nucleotide sequence encoding a desired peptide, are
included in the progeny intended by this definition, and are covered
by the above terms.

"Homology"refers to the percent identity between two polynucleotide
or two polypeptide moieties. Two DNA, or two polypeptide sequences
are"substantially homologous"to each other when the sequences
exhibit at least about 80%-85%, preferably at least about 50%, and
most preferably at least about 95%-98% sequence identity over a
defined length of the molecules. As used herein, substantially
homologous also refers to sequences showing complete identity to the
gpecified DNA or polypeptide sequence.

In general, "identity"refers to an exact nucleotide-to-nucleotide or
amino acid-to- amino acid correspondence of two polynucleotides or
polypeptide sequences, respectively.

Percent ldentity can be determined by a direct comparison of the
sequence information between two molecules by aligning the
sequences, counting the exact number of matches between the two
aligned sequences, dividing by the length of the shorter sequence,
and multiplying the result by 100. Readily available computer
programs can be used to aid in the analysis, such as ALIGN, Dayhoff,
M. 0. inAtlas of Protein Sequence and Structure M. O.

[DAYHOFF ED.,] 5 Suppl. 3: [353-358,] National biomedical Research
Foundation, Washington, DC, which adapts the local homology
algorithm of Smith and Waterman (1981) Advances in Appl. Math. 2:
482-489 for peptide analysis. Programs for determining nucleotide
sequence ldentity are available in the Wisconsin Sequence Analysis
Package, Version 8 (avallable from Genetics Computer Group, Madison,
WI) for example, the BESTFIT, FASTA and GAP programs, which also
rely on the Smith and Waterman algorithm. These programs are readily
utilized with the default parameters recommended by the manufacturer
and described in the Wisconsin Sequence Analysis Package referred to
above. For example, percent identity of a particular nucleotide
sequence to a reference sequence can be determined using the
homology algorithm of Smith and Waterman with a default scoring
table and a gap penalty of six nucleotide positicns.

Another method of establishing percent ildentity in the context of
the present invention is to use the MPSRCH package of programs
copyrighted by the University ‘of Edinburgh, developed by John F.
Collins and Shane 8. Sturrok, and distributed by [INTELLIGENETICS, ]
Inc. (Mountain View, CA). From this suite of packages the
Bmith-Waterman algorithm can be employed where default parameters
are used for the scoring table (for example, gap open penalty of 12,
gap extension penalty of one, and a gap of six). From the data
generated [THE"MATCH"VALUE] reflectes"segquence [IDENTITY."OTHER]
sultable programs for calculating the percent identity or similarity
between sequences are generally known in the art, for example,
another alignment program is BLAST, used with default parameters.
For example, BLASTN and BLASTP can be used using the following
default parameters : genetic code = standard; filter = none; strand
= both ; cutoff = 60; expect [=10] ; (=] [BLOBUM62] ; Descriptions =
50 sequences; sort by = HIGH SCORE; Databases = non- redundant,
GenBank + EMBL + DDBJ + PDB + GenBank CDS translations + Swiss
protein + Spupdate + PIR. Details of these programs can be found at
the following internet address: http ://www. [NCBI.] nhn. nih.
[GOV/BLAST/.]

Alternatively, homology can be determined by hybridization of
polynucleotides under conditions which form stable duplexes between
homologous regiona, followed by digestion with
single-stranded-specific nuclease (8), and size determination of the
digested fragments. DNA sequences that are substantially homologous
can be identified in a Southern hybridization experiment under, for
example, stringent conditiona, as defined for that particular
syetem. Defining appropriate hybridization conditions is within the
8kill of the art. See, e. g., Sambrook et al., supra ; DNA Cloning,
supra ; Nuclelc Acid Bybridization, supra.

By the term"degenerate variant"is intended a polynucleotide
containing changes in the nucleic acid sequence thereof, that
encodes a polypeptide having the same amino acid sequence as the



polypeptide encoded by the polynucleotide from which the degenerate
variant is derived.

Techniques for determining amino acid [SEQUENCE"SIMILARITY"ARE] well
known in the art. In [GENERAL, "SIMILARITY"MEANS] the exact amino
acid to amino acid comparison of two or more polypeptides at the
appropriate place, where amino acide are identical or possess
similar chemical and/or physical properties such as charge or
hydrophoblcity. A so-termed "percent eimilarity"then can be
determined between the compared polypeptide sequences.

Techniques for determining nucleic acid and amino acid sequence
identity also are well known in the art and include determining the
nuclectide sequence of the [MRMA] for that gene (usually via a cDNA
intermediate) and determining the amino acid sequence encoded
thereby, and comparing this to a second amino acid sequence. In
general, "identity"refers to an exact nucleotide to nucleotide or
amino acid to amino acid correspondence of two polynucleotides or
polypeptide sequences, respectively.

A"heterclogous"region of a DNA construct ip an identifiable segment
of DNA within or attached to another DNA molecule that is not found
in association with the other molecule in nature. Thus, when the
heteroclogous region encodes a bacterial gene, the gene will usually
be flanked by DNA that does not flank the bacterial gene in the
genome of the source bacteria. Another exgmple of the heterclogous
coding sequence is a construct where the coding sequence itself is
not found in nature {(e. g., synthetic sequences having codons
different from the native gene). Allelic variation or naturally
occurring [MUTATIONAL] events do not give rise to a heterologous
region of DNA, as used herein.

A"vector"is a replicon, such as a plasmid, phage, or cosmid, to
which another DNA segment may be attached so as to bring about the
replication of he attached segment. A vector is capable of
transferring gene sequences to target cells (e. g., bacterial
plasmid vectors, viral vectors, non-viral vectors, particulate
carriers, and liposomes) .

Typically, the termes"vector [CONSTRUCT, " "EXPRESSION] vector, ""gene
expression vector,""gene delivery vector,”""gene transfer

vector, "and"expresslon cassette"all refer to an assembly which is
capable of directing the expression of a sequence or gene of
interest.

Thus, the terms include cloning and expression vehicles, as well as
viral vectors.

These assemblies include a promoter which is operably linked to the
gequences or gene (8) of intereat. Other control elements may be
present as well. The expression cassettes described herein may be
contalned within a plasmid construct. In addition to the components
of the expression cassette, the plasmid construct may also include a
bacterial origin of replication, one or more selectable markers, a
aignal which allows the plasmid construct to exist as
single-stranded DNA [(E.] g., a M13 origin of replication), a
multiple cloning site, and [A"MAMMALIAN"ORIGIN] of replication (e.
g., & S8V40 or adenovirus origin of replication).

DNA"control elements"refers collectively to transcription promoters,
transcription enhancer elements, transcription termination
sequences, polyadenylation sequences (located 3'to the translation
stop codon), sequences for optimization of initiation of translation
{located 5'to the coding sequence), translation termination
sequences, upstream regulatory domaine, ribosome binding sites and
the like, which collectively provide for the transcription and
translation of a coding sequence in a host cell. Bee e. g.,
McCaughan et al. (1995) PNAS USA 92: 5431-5435; Kochetov et al
(1558) FEBSLetts. 440: 351-355. Not all of these control sequences
need always be present in a recombinant vector so long as the
desired gene 1s capable of being transcribed and translated.
*“Operably [LINKED"REFERS] to an arrangement of elements wherein the
components @0 described are configured so as to perform their usual
function. Thus, control elements cpersbly linked to a coding
sequence are capable of effecting the expression of the coding
sequence. The control elements need not be contiguous with the
coding sequence, so long as they function to direct the expression
thereof. Thus, for example, intervening untranslated yet transcribed
sequences can be present between a promoter and the coding sequence
and the promoter can still be considered"operably [LINKED"TO] the
coding sequence. Similarly, "control elements compatible with
expression in a subject"are those which are capable of effecting the
expression of the coding sequence in that subject.

A control element, such as a promoter,"directs the transcription®of
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a coding sequence in a cell when RNA polymerase will bind the
promoter and transcribe the coding sequence into [MRNA,] which is
then translated into the polypeptide encoded by the coding seguence.

[A"HOST] cell"is a cell which has been transformed, or is capable of
transformation, by an exogenous nucleic acid molecule.

A cell has [BEEN"TRANSFORMED"BY] exogenous DNA when such exogenous
DMA has been introduced inside the cell membrane., Exogenous DNA may
or may not be integrated (covalently linked) into chromosomal DNA
making up the genome of the cell. In procaryotes and yeasts, for
example, the exogenocus DNA may be maintained on an episomal element,
gsuch as a plasmid. With respect to eucaryotic cells, a stably
transformed cell is one in which the exogenous DNA has become
integrated into the chromosome so that it is inherited by daughter
cells through chromosome replication. This stabllity is demonstrated
by the ability of the eucaryotic cell to establish cell lines or
clones comprised of a population of daughter cells containing the
exogenous DNA.

As used hereln, a"bioclogical sample"refers to a sample of tissue or
fluid isolated from a subject, including but not limited to, for
example, blood, plasma, serum, fecal matter, urine, bone marrow,
bile, spinal fluid, lymph fluid, samples of the skin, external
secretions of the skin, respiratory, intestinal, and genitourinmary
tracts, tears, saliva, milk, blood cells, organs, bicopsies and also
samples of [IN. VITRO] cell culture constituents including but not
limited to conditioned media resulting from the growth of cells and
tissues in culture medium, e. g., recombinant cells, and cell
components.

As used herein, the terms"label"and"detectable label"refer to a
molecule capable of detection, including, but not limited to,
radioactive isotopes, fluorescors, chemiluminescers, enzymes, enzyme
substrates, enzyme factors, enzyme inhibitors, chromophores, dyes,
metal ions, metal socls, ligande (e. g., biotin or haptens) and the
like. The term"fluorescer" refers to a substance or a portion
thereof which is capable of exhibiting fluorescence in the
detectable range. Particular examples of labels which may be used
under the invention include fluorescein, rhodamine, dansyl,
umbelliferone, Texas red, luminol, NADPH and [A-£-] galactosidase.
2. MODES OF CARRYING OUT THE INVENTION Before describing the present
invention in detail, it is to be understood that this invention is
not limited to particular formulations or process parameters as such
may, of course, vary. It is aleo to be understood that the
terminology used herein is for the purpose of describing particular
embodiments of the invention only, and is not intended to be
limiting.

Although a number of methods and materials similar or equivalent to
those described herein can be used in the practice of the present
invention, the preferred materials and methods are described herein.

Central to the present invention is the discovery that the Mig Fc
binding protein isoclated from S. dysgalactiae is capable of
eliciting an immune response in a vertebrate subject. In particular,
the gene for the Mig protein in 8. dysgalactiae has been isolated,
[SEQUENCED] and characterized, and the amino acid sequence encoded
by the gene has been deduced therefrom. The complete DNA sequence
for the [8.] dysgalactiae [MIG] gene (S8EQ ID NO : 3) and the
corresponding amino acid sequence (SEQ ID NO : 4) are shown in
Figures [1A-] [1D.]

As described in the examples, the full-length [5.] dysgalactiae
[MIG] gene, depicted at nucleotide positions 1-2,010 inclusive, of
Figures [LA-1D,] encodes the full-length 5. dysgalactiae Mig protein
of 669 amino acids, which includes a first 24 amino acid
transmembrane region (residues 15 and 39) and a second 18 amino acid
transmembrane region of 18 amino acids (resldues [646-664).]
Transmembrane regions were determined using the TMpred program,
which predicts [MEMBRANE-SPANNING] regions and their orientation.
The program uses an algorlthm based on the statistical analyeis of
TMbase, a database of naturally occurring transmembrane proteins,
using a2 combination of several weight matrices for scoring. SBee
Hofinann, [K.,] & Stoffel, W. (1993) Biol. Chem. 347: 166.

8. dysgalactiae Mig has a predicted molecular weight of about 73
kDa. (calculated using the Peptide Bort program of the GCG Wisconsin
Package, version, provided by the SegWeb sequence analysis package,
version 1.1 of the Canadian [BIOINFORMATICS] Resource).

The full-length sequence includes a signal peptide.

Figure 2 plots the following structural analyses results for the Mig
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protein of the present invention: Kyte-Doolittle hydrophathy,
averaged over a window of 7; surface probability according to
[EMINI] ; chain flexibllity according to Karplus-8Schulz ;
antigenicity index according to Jameson-Wolf; secondary structure
according to Garnier-Osguthorpe- Robson; secondary structure
according to Chou-Fasman; and predicted glycosylation sites.

Figure 3 plots secondary structure according to Chou-Fasman for the
Mig protein of the present invention. One of skill in the art can
readily use the information presented in Figures 2 and 3 to
determine immunogenic regions in the protein for use in vaccine
compositions.

Mig Fc receptor proteins, including without limitation the [8.]
dysgalactiae Mig protein, immunogenic fragments thereof or chimeric
proteina including the same, can be provided in subunit vaccine
compositiona. In addition to use in vaccine compositions, the
proteins or antibodies thereto can be used as diagnostic reagente to
detect the presence of infection in a vertebrate subject. Similarly,
the genes encoding the proteins can be cloned and used to depign
probes to detect and isolate homclogous genes in other bacterial
strains.

For example, fragments comprising at least about 15-20 nucleotides,
more preferably at least about 20-50 nucleotides, and most
preferably about 60-100 nucleotides, or any integer between these
values, will find use in these embodiments.

The vaccine compositions of the present invention can be used to
treat or prevent a wide variety of bacterial infections in
vertebrate subjects. For example, vaccine compositions including,
without limitation, the Mig F¢ receptor protein from [S.]
dyagalactiae, can be used to treat streptococcal infections in
vertebrate subjects that are caused by this or other species. In
particular, 5. uberis, 8. agalactiae, and [5.] dysgalactlae are
common bacterial pathogens agsociated with mastitis in bovine,
equine, ovine and goat species.

Additionally, group B streptococci, such as [§.] agalactiae, are
known to cause numerous other infections in vertebrates, including
gepticemia, meningitis, [BACTEREMIA,] impetigo, arthritis, urinary
tract infections, abscesses, spontaneous abortion etc. Hence,
vaccine compositions containing the Mig Fc receptor protein will
find upe in treating and/or preventing a wide variety of
streptococcal infections.

Similarly, Pc binding proteinas derived from other bacterial genera
such as Staphylococcus will find use for treating bacterial
infections caused by species belonging to those genera. Thua, it is
readily apparent that Fc binding proteins from a varlety of
bacterial species can be used to treat and/or prevent a wide variety
of bacterial infections in numerous animal species.

The streptococcal Fc binding proteins of the present invention,
including without limitation the Mig Fec binding protein, can be used
in vaccine compositions either alone or in combination with other
bacterial, [FUNGAL,] viral or protozoal antigens. These antigens can
be provided separately or even as fusion proteins comprising one or
more epltopes of an Fc binding protein fused to one or more of these
antigens. For example, other immunogenic proteins from 8. uberis,
such as the CAMP factor, hyaluronic acid capsule, hyaluronidase, R-
like protein and plasminogen activator, can be administered with the
Mig protein.

Additionally, immunogenic proteins from other organisms invelved in
mastitis, such asa from the genera Staplzylococcus, Corynebacterium,
Peeudomonas, Nocardia, Clostridium, Mycobacterium, [MYCOPLAS77TA)}]
Pasteurella, Prototheca, other streptococci, [COLIFORM] bacteria, as
well as yeast, can be administered along with the Fc binding
proteins described herein to provide a broad spectrum of protection.
Thus, for example, immunogenic proteins from Staphylococcus
[AUF*EUS, STR. AGALACTIAE, ST. DYSGALACTIAE, STR. ZOOEPIDEJNICUS,]
[CORYNEBACTERIUM PYOGENES, PSEUDOMONAS AERUGIFAOSA, NOCARDIA
ASTEROIDES, CLOSTY°IDIUM] [PERFRINGENS, ESCHERICHIA COLI,
ENTEROBACTER AEROGENES] and Klebsiella spp. can be provided along
with the Pc binding proteins of the present invention.

Additionally, Fc proteins from different streptococcal species may
be used together in the vaccine compositions of the present
invention. In this embodiment, the multiple Fc proteins may be
provided either as fusion proteins or as discrete antigens in the
sanme or different vaccine compositions.

Production [OF FC BINDING] Proteins The above-described Fc binding
proteins and active fragments, analogs and chimeric proteins derived
from the same, can be produced by variety of methods. Specifically,
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Fc binding proteins can be isolated directly from bacteria which
express the same. This is generally accomplished by first preparing
a crude extract which lacks cellular components and several
extranecus proteins. The desired proteins can then be further
purified from the cell lysate fraction by, e. g., column
chromatography, [HPLC,] [IMMUNOADSORBENT] techniques or other
conventional methods well known in the art.

More particularly, techniques for isolating Fc binding proteins have
been described.

For example, the methods of Reis, et al. have been used to isolate a
functionally homogeneous Fc receptor having the properties of a
type-III receptor (Reis et al., (1984) (J.]

Immunol. 132: 3091).

Alternatively, the proteins can be [RECOMBINANTLY] produced as
described herein. As explained above, these recombinant products can
take the form of partial protein sequences, full-length sequences,
precursor forms that include signal sequences, mature formas without
eignals, or even fusion proteins {e. g., with an appropriate leader
for the recombinant host, or with another subunit antigen sequence
for streptococcus or another pathogen). .

In one embodiment of the present invention, the [§.] dysgalactiae
Mig protein is purified from a cell lysate fraction using affinity
chromatography after recombinantly producing the protein. See
Example ({1A-D,] infra.

Gene libraries can be constructed and the resulting clones used to
transform an approprlate host cell. Colonies can be pooled and
screened for clones having Fc¢ receptor binding activity, 1. e., for
clones capable of binding IgG.

Alternatively, once the amino acid sequences are [DETERMINED, ]
[OLIGONUCLEOTIDE] probes which contain the codons for a portion of
the determined amino acid seguences can be prepared and used to
screen genomic or cDNA libraries for genes encoding the subject
proteins. The basic strategies for preparing [OLIGONUCLEOTIDE]
probes and DNA libraries, as well as their screening by nuclelc acid
hybridization, are well known to those of ordinary skill in the art.
See, e. g., DNA Cloning : Vol. 1I, supra ; Nucleic Acid
Hybridization, supra ; [OLIGONUCLEOTIDE] Bynthesis, supra; Bambrook
et al., supra. Once a clone from the screened library has been
identified by positive hybridization, it can be confirmed by
restriction enzyme analysis and DNA sequencing that the particular
library insert contains a Fc binding protein gene or a homolog
thereof. The genes can then be further isolated using standard
techniques and, 1f desired, PCR approaches or restriction enzymes
employed to delete portions of the full-length sequence.

8imilarly, genes can be isolated directly from bacteria using known
techniques, such as phenol extraction and the sequence further
manipulated to produce any desired alterations.

See, e. g., Sambrook et al., supra, for a description of techniques
used to obtain and isoclate DNA.

Alternatively, DNA sequences encoding the proteins of intereast can
be prepared synthetically rather than cloned. The DNA sequences can
be designed with the appropriate codons for the particular amino
acid sequence. In general, one will select preferred codons for the
intended host if the sequence will be used for expression. The
complete sequence 1s assembled from overlapping oligonucleotides
prepared by standard methods and assembled into a complete coding
sequence. See, @. g., Edge (1981) Nature 292: 756; Nambalr et al.
{1984) Science 223: 1299; Jay et al. (1984) J. Biol. [CHEM.] 259:
6311.

Once coding sequences for the desired proteins have been prepared or
isolated, they can be cloned into any suitable vector or replicon.
Nunerous cloning vectors are known to those of skill in the art, and
the selection of an appropriate cloning vector is a matter of
cholce. Examples of recombinant DNA vectors for cloning and host
cells which they can transform include the bacteriophage [X] (E.
[coLI),] pBR322 (E. [COLI),] pACYC177 (E. coli), pKT230
(gram-negative bacteria), [PGVL 106] (gram-negative bacteria),
[PLAFRL] (gram-negative bacteria), pME290 (non-E. coli gram-negative
bacteria), pHV14 (E. coll and {BACILLUS SURTILIS), PBDY9 {BACILLUS),]
pIJ61 [(STREPTOMYCES),] puUC6 [(STREPTONYCES),] YIp5

[ (NACCHAROMYCES) ,] [YCPLS (SACCHARONZYCES)] and bovine papilloma
virus (mammalian cells).

See, Sambrook et al., supra ; DNA Cloning, supra ; B. Perbal, supra.

The gene can be placed under the control of a promoter, riboscome
binding site (for bacterial expression) and, optionally, an operator



{collectively referred to herein [AS"CONTROL"] elements), so that
the DNA sequence encoding the desired protein is transcribed into
RNA in the host cell transformed by a vector containing this
expression construction. The coding seguence may or may not contain
a signal peptide or leader sequence. If a signal esequence is
included, it can either be the native, homologous segquence, or a
heterologous sequence. For example, the signal sequence for the S.
dyegalactiae Mig protein (amino acid residue 1 to 39, incluaive) can
be used for secretion thereof, as can a number of other signal
sequences, well known in the art. Leader sequences can be removed by
the hoet in post-translaticnal processing. See, e. g., U. §. Patent
Nos. 4,431,739; 4,425,437; 4,338,397,

Other regulatory seguences may also be desirable which allow for
regulation of expression of the protein sequences relative to the
growth of the host cell. Regqulatory sequences are known to those of
gkill in the art, and examples include those which cause the
expression of a gene to be turned on or off in response to a
chemical or physical stimulus, including the presence of a
regqulatory compound. Other types of regulatory elements may also be
present in the vector, for example, enhancer sequences.

The control sequences and other regulatory sequences may be ligated
to the coding sequence prior to insertion into a vector, such as the
cloning vectors descrlbed above.

Alternatively, the coding sequence can be cloned directly into an
expression vector which already contains the control sequences and
an appropriate restriction site.

In some cases it may be necessary to modify the coding sequence so
that it may be attached to the control esequences with the
appropriate orientation; 1. e., to maintain the proper reading
frame. It may also be desirable to produce mutants or analogs of the
Fc binding protein. Mutants or analogs may be prepared by the
deletion of a portion of the sequence encoding the protein, by
insertion of a sequence, [AND/OR] by substitution of one or more
nucleotides within the sequence. Techniques for modifying nucleotide
sequences, such as slte-directed mutagenesis, are described in, e.
g., Sambrook et al., supra ; DNA Cloning, supra ; Nucleic Acid
Hybridization, supra.

The expression vector is then used to transform an appropriate host
cell. A number of mammalian cell lines are known in the art and
include immortalized cell lines available from the American Type
Culture Collection (ATCC), such as, but not limited to, Chinese
hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK)
cells, monkey kidney cells (C0S), human [HEPATOCELLULAR] carcinoma
cells {e. g., Hep G2}, Madin-Darby bovine kidney [("MDBK")}] cells,
ag well as others. S8imilarly, bacterial hoste such as E. coli,
Bacillus [SUBTILIS, AND STREPTOCOCCUS SPP.,] will find use with the
present expression constructe. Yeast hosts useful in the present
invention include inter alia, Saccharomyces cerevisiae, Candida
[<BR> <BR> ALBICANS, CAFZDIDA MALTOSA, HANSENULA POLYMOPHA,
KLUYVEROMYCES FYAGILIS, KLUYVEROMYCES] lactis, Pichia
[GQUILLERIMONDII, PICHIA PASTORIS, SCHIZOSACCHARQO7YCES POMBE AND
YARROWIA] lipolytica. Insect cells for use with baculovirus
expression vectors include, [INTER ALIA, AEDEB] aegypti, [AUTOGRAPHA
CALIFORNICA, BOMBYX MORI, DROSOPHILA MELANOGASTER, SPODOPTERA]
frugiperda, and Trichoplusia ni.

Depending on the expression system and host selected, the proteins
of the present invention are produced by culturing host cells
tranaformed by an expression vector described above under conditions
whereby the protein of interest is expressed. The protein is then
isolated from the host cells and purified. If the expression system
secretes the protein into the growth media, the protein can be
purified directly from the media. If the protein is not secreted, it
is isolated from cell lysates. The selection of the appropriate
growth conditions and recovery methods are within the skill of the
art.

The proteins of the present invention may also be produced by
chemical synthesis such as solid phase peptide synthegls, using
known amino acid sequences or amino acid sequences derived from the
DNA sequence of the genes of interest. Such methods are known to
those skilled in the art. See, e. g., J. M. Stewart and J. D. Youngq,
Bolild Phase Peptide [SYNTHESIS, 2ND] Ed., Pierce Chemical Co.,
Rockford, IL (1984) and G. Barany and R.

B. [MERRIFIELD,] The Peptides : Analysis, Synthesis, Blology,
editors E. Gross and J.

[MEIENHOFER,] Vol. 2, Academic Press, New York, (1980), pp. 3-254,
for solid phase peptide synthesis techniques; and M. [BODANSKY, ]




[PRINCIPLES OFPEPTIDE SYNTHESIS,] Springer-Verlag, Berlin {(1984)]
and E. Grosa and J. Meienhofer, Eds., The Peptides : Analysis,
Bynthesis, Biology, supra, Vol. 1, for classical solution synthesis.
Chemical synthesis of peptides may be preferable if a small fragment
of the antigen in question is capable of raising an immunological
response in the subject of interest.

The Fc binding proteins of the present invention, or their
fragments, can be used to produce antibodies, both polyclonal and
monoclonal. If polyclonal antibodies are desired, a selected mammal,
{e. g., mouse, rabbit, goat, horse, etc.) is immnized with an
antigen of the present invention, or its fragment, or a mutated
antigen. Serum from the immunized animal is collected and treated
according to known procedures. See, e. g., Jurgens et al. (1985) J
Chrom. 348: 363-370. If serum containing polyclonal antibodies is
used, the polyclonal antibodies can be purified by [IMMUNOAFFINITY]
chromatography, using known procedures.

Monoclonal antibodies to the Mig protein and to the fragments
thereof, can also be readily produced by one skilled in the art. The
general methodology for making monoclonal antibodies by using
hybridoma technology is well known. Immortal antibody-producing cell
lines can be created by cell fusion, and also by other techniques
such as direct transformation of B lymphocytes with oncogenic DNA,
or tranasfection with Epstein-Barr virus. See, a. g., M. Schreler et
al., Hybridoma Techniques (1980); Hammerling et al., Monoclonal
Antibodies (AND T-CELL HYBRIDOMAS (1981)] ; ([KENNETT] et al.,
Monoclonal [6NTBODIES (1580)}] ; see almo U. 8.

Patent Nos. 4,341,761; 4,399,121; 4,427,783; 4,444,887; 4,452,570;
4,466,917; 4,472,500, 4,491,632; and 4,493,850. Panels of monoclonal
antibodies produced against the Mig protein, or fragments thereof,
can be screened for various properties; i. e., for isotype, epitope,
affinity, etc. Monoclonal antibodies are useful in purification,
using immunoaffinity techniques, of the individual antigens which
they are directed againat. Both polyclonal and monoclonal antibodies
can also be used for passive immunization or can be combined with
subunit vaccine preparations to enhance the immune reaponse.
Polyclonal and monoclonal antibodies are also useful for diagmostic
purposes.

Vaccine Formulations and Administration The Fc binding proteins of
the present invention caen be formulated into vaccine compositions,
elther alone or in combination with other antigens, for use in
immunizing subjecta as described below. Methods of preparing such
formulations are described in, e. g., [RENIINGTON&APOS;S
PHARINACEUTICAL BCIENCES, MAELC] Publishing Company, Easton,
Pennsylvania, 18 Edition, 1990. Typically, the vacclnes of the
present invention are prepared as injectables, either as liquid
solutions or suspensions. Solid forms suitable for solution in or
suspension in liquid vehicles prior to injection may also be
prepared. The preparation may also be emuleified or the active
ingredient encapsulated in liposome vehicles. The active immunogenic
ingredient is generally mixed with a compatible pharmaceutical
vehlicle, such as, for example, water, saline, dextroee, glycerol,
ethanol, or the like, and combinations thereof. In addition, if
desired, the vehicle may contain minor amounts of auxiliary
substances such as wetting or emulsifying agents and pH buffering
agents.

Adjuvants which enhance the effectiveness of the vaccine may also be
added to the formulation. Adjuvants may include for example,
[MURAMYL] dipeptides, avridine, aluminum hydroxide,
dimethyldioctadecyl ammonium bromide (DDA), olls, oil-in-water
emulsions, saponins, [CYTOLDNES,] and other substances known in the
art.

The Mig protein may be linked to a carrier in order to increase the
immunogenicity thereof. Suitable carriers include large, slowly
metabolized [MACROMOLECULES] such as proteins, including serum
albumine, keyhole limpet hemocyanin, immunoglobulin molecules,
thyroglobulin, ovalbumin, and other proteins well [KNOWN] to those
skilled in the art; polysaccharides, such as sepharose, agarcse,
cellulose, cellulose beads and the like; polymeric amino acids such
as polyglutamic acid, polylysine, and the like ; amino acid
copolymers; and inactive virus particles.

The Fc binding proteins of the present invention may be used in
their native form or their functional group content may be modified
by, for example, [SUCCINYLATION] of lysine residues or reaction with
Cys-thiolactone. A sulfhydryl group may also be incorporated into
the carrier {or antigen) by, for example, reaction of amino
functions with 2-iminothioclane or the [N-HYDROXYSUCCINIMIDE] ester



of [3- (4-DITHIOPYRIDYL] propionate. Suitable carriers may also be
modified to incorporate spacer arms (such as [HEXAMETHYLENE] diamine
or other bifunctional molecules of simllar size) for attachment of
peptides.

Other suitable carriers for the Fc binding proteins of the present
invention include VP6 polypeptides of rotaviruses, or functional
fragments thereof, as dieclosed in U. 8. Patent No. 5,071,651. Also
useful is a fusion product of a viral protein and the subject
immunogens made by methods disclosed in U. 8. Patent No. 4,722,840,
8till other suitable carriers include cells, such as lymphocytes,
gince presentation in this form mimice the natural mode of
presentation in the subject, which gives rise to the immunized
state. Alternatively, the proteins of the present invention may be
coupled to erythrocytes, preferably the subject's own erythrocytes.
Methods of coupling peptides to proteins or cells are known to those
of skill in the art.

Furthermore, the Fc binding proteins {(or complexes thereof) may be
formulated into vaccine compositions in either neutral or salt
forms. Pharmaceutically acceptable salts include the acid addition
salts (formed with the free amino groups of the active polypeptides)
and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic,
oxalic, tartaric, mandelic, and the like. Salts formed from free
carboxyl groups may aleo be derived from inorganic bases such as,
for example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and asuch organic bases as imopropylamine,
[TRIMETHYLAMINE,] 2-ethylamino ethanol, histidine, procaine, and the
like.

vaccine formulations will contain a"therapeutically effective
amount"of the active ingredient, that is, an amount capable of
eliciting an immune response in a subject to which the composition
is administered. In the treatment and prevention of mastitls, for
example, a "therapeutically effective amount"would preferably be an
amount that enbances resistance of the mammary gland to new
infection and/or reduces the clinical severity of the disease. Such
protection will be demonstrated by either a reduction or lack of
symptoms normally displayed by an infected host, a quicker recovery
time {[AND/OR] a lowered somatic cell count in milk from the infected
gquarter. For example, the ability of the composition to retain or
bring the somatic cell count (8CC) in milk below about 500,000 cells
per ml, the threshold value set by the International Dairy
Federation, above which, animals are considered to have clinical
mastitie, will be indicative of a therapeutic effect.

The exact amount is readily determined by one skilled in the art
using standard tests.

The Fc binding protein concentration will typically range from about
[1%] to about 95% (w/w) of the composition, or even higher or lower
if appropriate. With the present vaccine formulations, 5 to [500 G]
of active ingredient per ml of injected solution should be adequate
to raise an immunological response when a dose of 1 to 3 ml per
animal is administered.

To immunize a subject, the vaccine is generally administered
parenterally, usually by intramuscular injection. Other modes of
administration, however, such as subcutaneous, intraperitoneal and
intravenous injection, are also acceptable. The quantity to be
administered depends on the animal to be treated, the capacity of
the animal's immune system to synthesize antibodies, and the degree
of protection desired. Effective dosages can be readlly established
by one of ordinary ekill in the art through routine trials
establishing dose response curvea. The subject is immunized by
administration of the vaccine in at least one dose, and preferably
two doses. Moreover, the animal may be administered as many doses as
is required to maintain a state of immunity to infection.

Additional vaccine formulations which are suitable for other modes
of administration include suppositories and, in some cases, aerosol,
intranasal, oral formulations, and sustained release formulations.
For suppositories, the vehicle composition will include traditional
binders and carriers, such as, polyalkaline glycols,, or
triglycerides. Such suppositories may be formed from mixtures
containing the active ingredient in the range of about 0.5% to about
10% (w/w), preferably about [1%] to about 2%. Oral vehicles include
such normally employed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium, stearate, sodium
saccharin cellulose, magnesium carbonate, and the like. These oral
vaccine compositions may be taken in the form of solutions,
suspensions, tablets, pills, capeules, sustained release



formulations, or powders, and contain from about 10% to about 95% of
the active ingredient, preferably about 25% to about 70%.
Intranasal formulations will usually include vehicles that neither
cause irritation to the nasal mucosa nor significantly disturb
clliary function. Diluents such as water, agqueous saline or other
known substances can be employed with the subject invention. The
nasal formulations may also contain preservatives such as, but not
limited to, chlorobutanol and [BENZALKONIUM] chloride. A surfactant
may be present to enhance absorption of the subject proteins by the
nasal mucosa.

Controlled or sustained release formulations are made by
incorporating the protein into carriers or vehicles such as
liposomes, nonresorbable impermeable polymers such as ethylenevinyl
acetate copolymers and [HYTRELT)] copolymers, swellable polymers
such as hydrogels, or resorbable polymers such as collagen and
certain pelyacids or polyesters puch as those used to make
[RESORBABLE] sutures. The Fc binding proteins can also be delivered
using implanted mini-pumps, well known in the art.

The Fc binding proteins of the instant invention can also be
administered via a carrier virus which expresses the same. Carrier
viruses which will find use with the instant invention include but
are not limited to the vaccinia and other pox viruses, adenovirus,
and herpes virus. By way of example, vaccinia virus recombinants
expressing the novel proteins can be constructed as follows. The DNA
encoding the particular protein ie first inserted into an
appropriate vector sc that it is adjacent to a vaccinia promoter and
flanking vaccinia DNA sequences, such as the sequence encoding
thymidine kinase (TX). This vector is then used to transfect cells
which are simultaneously infected with vaccinia. Homologous
recombination serves to insert the vaccinia promoter plus the gene
encoding the instant protein into the viral genome. The resulting
[TKRECOMBINANT] can be selected by culturing the cells in the
presence of 5-bromodeoxyuridine and picking viral plaques resistant
thereto.

An alternative route of administration involves gene therapy or
nucleic acid immunization. Thus, nucleotide sequences (and
accompanying regulatory elements) encoding the subject Fc binding
proteins can be administered directly to a subject for in vivo
translation thereof. Alternatively, gene tranafer can be
accomplished by transfecting the subject's cells or tissues ex vivo
and reintroducing the transformed material into the host.

DNA can be directly introduced into the host organism, i. e., by
injection (see Intermational Publication No. WO/90/11092; and Wolf
et al. (1990) [SCIENCE 247-.] 1465-1468). Liposome- mediated gene
transfer can also be accomplished using known methods. See, e. g.,
Hazinelcl et al. [(1991)] Am. J. [RESPIR. CELL MOL. BIOL.] 4:
206-209; Brigham et al. [(1989)] Am. J. Med. Sci.

298: 278-281 ; Canonico et al. {(1991) Clin. Rea. 39: 219A; [AND
NABEL] et al. (1990) Science 249: [1285-1288.] Targeting agents,
such as antibodies directed against surface antigens expressed on
specific cell types, can be covalently conjugated to the liposomal
surface so that the nucleic acid can be delivered to specific
tigeues and cells susceptible to infection.

Deposits of Strains Useful in Practicing the Invention A deposit of
bioclogically pure cultures of the following strains was made with
the American Type Culture Collection, 10801 University Boulevard,
Manassas. The accession number indicated was assigned after
successful viability testing, and the requisite fees were paid. made
under the provisions of the Budapest Treaty on the International
Recognition of the Deposit of Microorganisms for the Purpose of
Patent Procedure and the Regulations thereunder (Budapest Treaty).
This assures maintenance of viable cultures for a period of [THIRTY]
(30) yeare from the date of deposit. The organisme will be made
available by the ATCC under the terms of the Budapest Treaty, which
assures permanent and unrestricted availability of the progeny to
one determined by the U. 8. Commissioner of Patents and Trademarks
to be entitled thereto according to 35 U. §. C. §122 and the
Commispioner's rules pursuant thereto (including 37 ¢. F. R. (§1.]
12 with particular reference to 886 03 638). Upon the granting of a
patent, all restrictions on the availability to the public of the
deposited cultures will be irrevocably removed.

These deposits are provided merely as convenience to those of ekill
in the art, and are not an admission that a deposit is required
under 35 U. §. C. § 112. The nucleic acid sequences of these genes,
as well as the amino acld sequences of the molecules encoded
thereby, are incorporated herein by reference and are controlling in

z/
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the event of any conflict with the description herein.

Bacterial Plasmid Gene Deposit Date ATCC No.

Strain DHS5a pAAS505Mig [S. DYSGALACTIAE] May 31,2000 PTA-1977 mig
gene EXPERIMENTAL Below are examples of specific embodiments for
carrying out the present invention.

The examples are offered for illustrative purposes only, and are not
intended to limit the scope of the present invention in any way.
Efforts have been made to ensure accuracy with respect to numbers
used (e. g., amounts, temperatures, etc.), but some experimental
error and deviation should, of course, be allowed for.

Unless indicated otherwise, parte are parts by weight, molecular
weight is weight average molecular weight, temperature is in degrees
Centigrade, and pressure is at or near atmospheric.

Materials and Methods Enzymes were purchased from commercial
sources, and used according to the manufacturers'directions.

In the isclation of DNA fragments, except where noted, all DNA
manipulations were done according to standard procedures. See,
Sambrook et al., supra. Restriction enzymes, [T4 DNA] ligase, E.
coll, DNA polymerase [I,] Klenow fragment, and other biological
reagencs can be purchased from commercial suppliers and used
according to the manufacturers' directions. Double stranded DNA
fragments were separated on agarose gels.

EXAMPLE 1 Preparation, Amplification, [SEQUENCING,] Expression,
Purification and Characterization of the [8. DVSGALACTIAE MIG] Fc¢
Receptor Protein [A. PREPARATION OF S. DVSGALACTIAE CHROMOSOMAL] DNA
A clinical [8.] dysgalactiae isolate from a case of bovine mastitis
(ATCC Accesslon No. 43078) was obtained from the American Type
Culture Collection (10801 University Boulevard, Manassas, VA
[20110-2209),] and was used as a source of DNA. The organism was
routinely grown on TSA sheep blood agar plates (PML
Microbilologicals, Mississauga, Ontario) at 37° C for 18 hours, or in
Todd-Hewitt broth (Oxoid Ltd., Hampshire, England) supplemented with
0.3% yeast extract (Sigma, St. Louis, Missouri) ((THB-YE)]} at 37° C,
5% (cLz2.]

Chromosomal DNA was prepared from B. dysgalactiae grown in 100 ml of
THB-YE supplemented with 20 mM glycine for approximately 6 hours,
until an [AG0O] of [0. 8] to 1.0 was reached. Cells were harvested
and re-spuspended in 50 mM EDTA, 50 mM [TRIS-HCL,] 0.5% TWEEN-20
(8igma, St. Louis, MO} and supplemented with RNase A (200 mg/ml),
proteinase K (20 mg/ml), lysozyme (100 [MG/ML)] and mutanolysin (100
mg/ml) . (Sigma, St.

Louis, Missouri). Following bacterial lysis for 30 minutes at 37° C
with vigorous shaking, guanidine hydrochloride and TWEEN-20, pH 5.5,
were mixed with the lysate to give a final concentration of 0.8 M
and 5%, respectively. This mixture was incubated at [50° C] for 30
minutes. The chromosomal DNA was then purified using a Qiagen
genomic-tip 100g [(QIAGEN,] Germany) and precipitated using 0.7
volumes of isopropanol. The resulting pellet was washed in 70%
ethanol and re-suspended in 0.5 ml 10 mM [TRIS-HCL,] pH 8.8.

B. Amplification and Cloning of the 8. [DVSGALACTIAE MIG GENE] The
Mig gene was amplified by PCR (See Mullis et al., U. 8. Patent No.
[4,] 683,195; Mullis, U. 8. Patent No. 4,683,202;) using the forward
primer [MIGL] (SEQ ID NO : [1,] shown in Table [1)] and the reverse
primer miglr (SEQ ID NO : 2, shown in Table 1). In the sequences
depicted in Table 1, underlining denotes nmucleotides added to the
original sequence, and holding indicates the locatlon of restriction
endonuclease recognition sites. TABLE [1] Tabulation of Bequences
SEQUENCE SEQUENCE ID NO: NAME NUCLEOTIDE/AMINO ACID SEQUENCE Primer
rnigl 5'-@ CGE CCA TGG TAG AAA ATA CTA TAA CTG-3' 2 Primer rniglR
5'-ACG CCC GGG TTA GTC TIC TIT ACG TTIT-3' 3Streptococcus
dysgalactiae strainsDGB fig genre {(mee Figure 1) 4Streptococcus
dysgalactiae strain SDG8 Mig protein 5 Primer mig-3 5'-GTT GGC CTA
GAT ATC ACA GAA TTA CAA-3' 6 Primer mig-4 5'-AAA GCA CCC GGG CCA GCC
ATT ACT G-3' 7 Primer nzig-6 5'-AGG TGC TTC CCA TGG@ AAC TGC CTG AAC
T-3' B Primer mig-7 5'-GGC GAG AGT CTA GAA ACT AAA GCG@ AAA AAC-3' 9
Primer mig-8 5'-GCA ATC ACC AGG ATC CTC AGT AAC CAT TTC-3' 10 Primer
inig-9 5'-CAG GCA GTT CAT ATG GAA GCA CCT ACA GT-3' 11 Primer
nzig-10 5'-TCC CGE AGT AGC ATT GTC AGT C-3' 12 Primer mig-11 5'-GCA
GCG GTC CAT ATG CCT GTT GGC CTA GAT-3' 13 Primer mig-12 5'-GCC TGA
ACT Q@A TCC CTC AAC TGA TCT G-3' 14 Primer Mg-7 3 5'-TTC CGT TGG ATC
CTG CAA CTC CAA TTG-3' 15 Primer nag-14 5'-TAA GTC ARA AGC TTT GAC
AAT TAG TCT T-3' PCR wasm carried out using Vent DNA polymerase (New
England Biolabe, Mississauga, Ontarioc, Canada). 0.71lg of S.
dysgalactiae genomic DNA, [1, UM] each of the [MH&APOS;G?7] (SEQ ID
NO : 1) [778IGL R (BEQ] ID RO : 2) primers (see above), 200 aM each
[OF DATP,] dCTP, dGTP and [DTTP,] [3MM MGSO4, 1X THERMOPOL] PCR
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buffer (New EnglandBiolabs), and 2 units of Vent DNA Polymerase were
combined. The reaction mix was then incubated for 3 cycles of 1
minute at [94°C,] 3 minutes at [50°C,] and 1 minute, 10 seconds at
[72°C,] followed by 27 cycles of 15 seconds [AT 95&APOS;C,] 30
seconds [AT 55&APOS;C,] 1 minute [AT 72°C,] followed by a single
cycle of 5 minutes at [72°C.]

The mig PCR product obtained above and the expression vector pAAS05
(VvIDO, [SASKATOON,] Saskatchewan, Canada) were digested with the
reatriction enzymes [NCOI AND] [SIIIAL] (Amersham Pharmacia, Quebec,
Canada) according to the manufacturer's instructions, and the [MIG]
sequence was ligated into the same sites of the vector.

Thigs construct was used to transform E. coll DH5 a (Life
Technologies, Gaithersburg, MD). The transformed E. coli DHS a cells
bearing the pAAS05-mig vector construct were designated [E.] coli
DH5a [PAASO5MIQ.]

[C. NUCLEOTIDE SEQUENCE OF THE 5. DVSGALACTIAE MIG GENE] and the
Corresponding Deduced Amino Acid Sequence The nucleotide sequence in
both orientations of the mig gene was determined on an ABI 373 DNA
automatic sequencer {Applied [BIOSYSTEMS)] at the Plant
Bilotechnology Institute {(PBI, Saskatoon, Saskatchewan, Canada) by
using the multiple primers shown in Table 1 (Primers [MIG-2]
[THROUGH MIG-14).]

Figures [LA-LD DEPICT] the nucleotide coding sequence and the amino
acid sequence, respectively for the [S§.] dysgalactiae Mig protein
(SEQ ID NO : 3 and SEQ ID NO : 4, respectively).

These sequences were then compared against known sequences via BLAST
analysis.

The gsearch parameters used to analyze the nucleic acid sequence were
as follows: Database: nt; Number of letters in database:
1,961,177,913; Number of sequences in database: 614,801; Matrix:
blastn matrix: [1-3] ; Gap Penalties: Existence : 5, [EXTENSION :
2.] The results obtained showed that the 5. dysgalactiae SD8 mig
gene depicted in Figures [IA-ID] is homologous to several known
nucleotide sequences, e. g., there is 98% homology with the mig gene
for 8. dysgalactiae 5C1 (Emb Accession No. Z29666.1 SDMIGSUP).

The search parameters used to analyze the amino acid sequence were
as follows: Database: [NR ; NUMBER] of letters in database:
157,9088,256; Number of Sequences in database: 503,479; Matrix:
BLOSUM62 ; Gap Penalties: Existence : [11,) Extension: 1. The
regults obtained showed that the 6. [DYSGALACTIAE] S5D# mig amino
acid sequence depicted in Fiqures 1A-1D is up to 89%% homologous to
geveral known amino acid sequences.

D. Expression and Purification of the Recombinant 8. [DVSALACTIAE
MIG] Protein E. coli containing the construct prepared in Example
1B, supra, was grown in LB broth containing 100 [LIG/ML] ampigillin
.to an Ago of approximately 0.5. Expression of the Mig protein was
then induced by the addition of 1 mM [IBOPROPYL-ft,]
D-thiogalactoalde (IPTG) (8igma, St. Louls, MO). Following three
hours incubation at [37°C,]) cells were harvested, washed in column
buffer [(50MM] sodium phosphate pH 8.0,0.2 M [NACI)] and lysed by
sonication.

Approximately 40% of the recombinant protein was in the soluble
fraction of the cell sonicate with a yleld of approximately 50 mg of
the recombinant protein per litre of culture volume, as determined
uging a DC Protein Assay kit (BioRad Laboratories, Mississauga,
Ontario, Canada) with bovine serum albumin (Pierce, [ROCKFORD, ]
Illinois) as a standard.

The recombinant Mig protein was purified by affinity chromatography
using an agarose-IgG matrix, based upon the protein's ability to
bind the Fc portion of the IgG molecule. The cell lysate was cleared
by centrifugation and the soluble fraction was applied to a [BLIGG]
agarose column {Sigma, St. Louis, Missouri). The column was washed
with 10 column volumes of column buffer (50 mM sodium phosphate pH
8.0,0.3 M [NACL),] and the protein eluted with column buffer plus
0.1 M glycine, pH 2.5, ylelding a homogeneous protein fraction with
a Mig concentration of approximately 10-15 mg/ml. The eluate was
dialyzed against 2,000 volumes [OF PBSA] and stored at-20 °C.

E. Characterization of the Recombinant Protein Analysism of the
purified protein by 8DS-PAGE demonstrated 60% purity.

EXAMPLE 2 Immunization with Mis and experimental infection of cattle
Vaccines were formulated to contain 50 mg/ml of affinity purified
recombinant Mig or GapC in the oil-based adjuvant VSA3 (VIDO,
[SASKATOON, SABKATCHEWAN,] Canada). VSA3 is a combination [OF
EMULSIGEN PLUSTM] (MVP Laboratories, Ralston, Nebraska) and
Dimethyldioctadecyl ammonium bromide [(KODAK,] Rochester, Naw

York) ..



24 non-lactating Holsteins with no history [OF 8. DYSGALACTIAE]
infection were obtalined from various farms in Saskatchewan, Canada.
One week prior to vaccination, all animals were treated with
[CEPHA-DRYTM] (300 mg per quarter ; Ayerst Laboratories, Montreal,
Canada), in order to clear any infection of the udders prior to the
vacecination step.

Three groupe of eight animals were immuniged [SUBCUTANEOUSBLY] with
two doses of vaccines containing Mig, GapC (a plasmin binding
protein isolated from streptococcus bacteria that was evaluated
gimultanecusly), or a placebo with a three-week interval between
immunizations. Two weeks following the second immunization, animals
were exposed to 650 colony forming units of 8. dysgalactiae
delivered into three quarters with an udder infusion cannula. The
fourth quarter on each animal served as an un-infective control.
All animals were examined daily for clinical signs of disease and
samples from all udder quarters were collected on each day. Samples
were observed for consistency and somatic cell counts as well as
bacterial numbers were determined.

EXAMPLE 3 Bacterial Colonization Bacteria were enumerated by
spreading serial dilutions [{10® TO 10-3}] directly onto TSA sheep
blood agar plates followed by overnight incubation at ([37°C,] S&
C02. Colonization is defined as »500 [CFU/ML] of the challenge
organism recovered.

To confirm that the bacteria recovered from milk secretions were 5.
dysgalactiae, selected colonies recovered from each animal were
tested using an API etrep-20 test [(BIOMERIEUX] SA, Hazelwood,
Missouri) according to the manufacturer's instructions. This test is
a astandardized method which combines 20 biochemical assays for
[ENZYMATIC] activity and sugar fermentation, the results of which
yvield an analytical profile. The profile permits identification of
the particular streptococcal species present by either referring to
an analytical profile index or using identification software.
Following challenge with §. dysgalactiae, animals from all groups
were shown to be colonized by 8. dysgalactiae (Figure 4). The
Mig-immunized animals showed a reduction in the number of infected
quarxters on days three and four post-challenge.

EXAMPLE 4 Measuring Inflammatory Response Inflammatory response was
measured as a function of somatic cell count (i. e., lymphocytes,
neutrophils, and monocytes). Somatic cell counts were measured in a
Coulter counter using standard techniques, as recommended by
Agriculture and Agri-Food Canada Pamphlet [IDFS50B] (1985) [MILLF AND
MILKPRODUCTS--METHODS OFSANIPLING.] Samples were always read within
48 hours of collection and fixation.

The number of somatic cells present in the gland was determined at
days 1 through 7 post-challenge. Numbers from the unchallenged
quarter remained constant throughout the trial, while on day [1,}
the Mig-immunized group was lower than the placebo-immunized group
{(Figure 5). The individual data from day 1 is shown in Figure 6.
Thus, the cloning, expression and characterization of the [S.]
dysgalactiae Mig protein are dieclosed, as are methods of using the
same.

Although preferred embodiments of the subject invention have been
described in some detail, it is understood that cbvious variations
can be made without departing from the spirit and the scope of the
invention as defined by the appended claims.

Description Claims
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CLAIMS What is claimed is: 1. A vaccine composition comprising a
pharmaceutically acceptable vehicle and an Fc receptor protein.

2. The vaccine composition of claim 1, wherein said Fec receptor
protein is selected from the group conaisting [OF :] (a) a
Btreptococcus dysgalactiae Mig protein comprising the amino acid
sequence shown at amino acid positicns 1 to 669, inclusive, of
Figures 1A-1D (SEQ [ID] NO : 4); {(b) an Fc receptor protein having
at least about 70% sequence identity to (a); and [(C)] immunogenic
fragments of (a) and (b), said fragments comprising at least about S
amino acids.

3. The vaccine composition of claim 2, wherein said Mig protein
compripes the amino acid sequence of the Btreptococcus dysgalactiae
Mig protein depicted at amino acid positions 1 to 669, inclusive, of
Figures [IA-ID] (SEQ ID NO : 4) or an immunogenic fragment thereof,
sald fragment comprising at least about 5 amino acids.

4. The vaccine composition of claim 3, wherein said Mig protein



comprises the amino acid sequence of the Streptococcus dysgalactiae
Mig protein depicted at amino acid peositions 1 to 669, inclusive, of
Figures 1A-1D (BEQ ID NO : 4).

5. The vaccine composition of claim 1, further comprising an
adjuvant.

6. A method of producing a vaccine composition comprising the steps
of (a) providing an Fc receptor protein or an immunogenic fragment
thereof, maid fragment comprising at least about 5 amino acids, and
(b) combining said protein with a pharmaceutically acceptable
vehicle.

7. Use of an Fc receptor protein for the manufacture of a vaccine
composition useful for treating or preventing a bacterial infection
in a vertebrate subject.

8. The use according to claim 7, wherein the Fc receptor protein is
selected from the group consisting [OF :] (a) a Btreptococcus
dyegalactiae Mig protein comprising the amino acid sequence shown at
amino acid positions 1 to 669, inclusive, of Figqures 1A-1D (SEQ ID
NO : 4); (b) an Pc receptor protein having at least about 70%
sequence identity to (a); and (c) immunogenic fragments of (a) and
{b}, sald fragments comprieing at least about & amino acids.

9. The use according to claim 8, wherein said Mig protein comprises
the amino acid sequence of the Streptococcus dysgalactiae Mig
protein depicted at amino acid positions 1 to 669, inclusive, of
Figures 1A-1D (SEQ [ID] NO : 4) or an immunogenic fragment thereof,
sald fragment comprising at least about 5 amino acids.

10. The use according to claim S5, wherein said Mig protein comprises
the amino acid sequence of the Streptococcus dysgalactiae Mig
protein depicted at amino acid positione 1 to 669, inclusive, of
Figures [IA-ID] (SEQ ID NO : 4).

[11.] The use according to any of claims 7-10, wherein said
bacterial infection is a streptococcal infection.

12. The use according to claim 11, wherein said bacterial infection
causes mastitis.

13. Use of a polynucleotide comprising a coding sequence for an Fc
receptor protein in the manufacture of a medicament useful for
treating or preventing a bacterlal infection in a vertebrate
subject.

14. The use according to claim 13, wherein the Fc receptor protein
is selected from the group comnsisting [OF :]1 (a) a Streptococcus
dysgalactiae Mig protein comprising the amino acid sequence shown at
amino acid positions 1 to 669, inclusive, of Figures [IA-ID] (BEQ ID
NO : 4); (b) an Fc receptor protein having at least about 70%
sequence ldentity to (a) ; and (c) immunogenic fragmente of (a) and
{b), mald fragments comprising at least about 5 amino acids.

15. The use according to claim 14, wherein said Mig protein
comprises the amino acid sequence of the Btreptococcus dysgalactiae
Mig protein depicted at amino acid positions 1 to 669, inclusive, of
Figures [1A-1D] (SEQ ID NO : 4) or an immunogenic fragment thereof,
gaid fragment comprising at least about 5 amino acids.

16. The use according to claim 15, wherein said Mig protein
comprises the amino acid sequence of the Streptococcus dysgalactiae
Mig protein depicted at amino acid positions 1 to 669, inclusive, of
Figures 1A-1D (SEQ ID NO : 4).

17. The use according to any of claims 13-16, wherein said bacterial
infection 18 a streptococcal infection.

18. The use according to claim 17, wherein said bacterial infectiomn
causes mastitis.

19. A method of treating or preventing a bacterial infection in a
vertebrate subject comprising administering to said subject a
therapeutically effective amount of a vaccine composition according
to any of claims 1-5.

20. The method of claim 19 wherein said bacterial infection is a
streptococcal infection.

21. The method of claim 20 wherein sald bacterial infection causes
mastitis.

22. A method of treating or preventing a bacterial infection in a
vertebrate subject comprising administering to said subject a
therapeutically effective amount of a polynucleotide, said
polynucleotide comprising a coding sequence for an Fc receptor
protein.

23. The method of claim 22, wherein the Fc receptor protein is
selected from the group consisting [OF :]} (a) a Streptococcus
dysgalactiae Mig protein comprising the amino acid sequence shown at
amino acid positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID
NO : 4); (b) an Fc receptor protein having at least about 70%
sequence ldentity to (a); and (c) immunogenic fragments of (a) and



{b), paid fragments comprising at least about 5 amino acids.

24. The method of claim 23, wherein said Mig protein comprises the
amino acid sequence of the Streptococcus dysgalactiae Mig protein
depicted at amino acid positiona 1 to 669, inclusive, of Figures
[IA-ID] (SEQ ID NO : 4) or an immunogenic fragment thereof, said
fragment comprising at least about 5§ amino acids.

25. The method of claim 24, wherein said Mig protein comprises the
amino acid sequence of the Streptococcus dysgalactiae Mig protein
depicted at amino acid positions 1 to 669, inclusive, of Figures
{IA-ID] (SEQ ID NO : 4).

26. The method of any of claims 22-25, wherein said bacterial
infection is a streptococcal infection.

27. The method of claim 26, wherein said bacterial infection causes
mastitis.

Description Claimas
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Not yot published 12 June 2000 [12.08 00}
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UNIVERSITY OF SASKATCHEWAN
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or vantmyzed w2 the lcarnenonal Bureay but nat in camplanes with Aute 17 1(a) or (b). in such & cage, the sttanion
of the applicant 1t directad o huls 17 1{e) wheet pro cles that no ses:gnateg Office may disregar the priomy cdam
cancemad bofore ghnng the appheant an opporumity  pan emry Io the nedonal phass, 10 furmsh tne priority documaent
wirrun & ume Ema witeeh s reasananis under the Sroumsinces.

4. The lstars NR" appeanng inthe ngin-hend column denots a priarty documaent whicn was not recavad by e imemausnal
Sureau or whicn the applicem d&id not feguest the rensivimg Offfoe to prepare ang Jansmit to the international Bureay
as proviced by Rule 17 1{a} or (3], respacively in such a case. the atreation of the spalicent o dirested 0 Ruda 17 1(c) waeh
provises that po desgnamd Difice may disregard the priority cis m concemed before 9 ying the apphcant an sppotunity
upon sntry imo tva nettonal phase to { mish the prionty documsent witten & tme Hmk which i3 reesanable imder the
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IE the scvual duce of reocip: of the demsra] by tila Ambeciry (Rl SL1{))-
] e nctmt dase of recaipt of the demend on bebalf of tus Astharky (Bule 0.3(v)).

huMﬂMhnhmub-ﬂmum&hnhm
D PCT/{PEAMOS), veowivad the resuxred corrections,

.w lq“l m‘u .“’ .whwn

&= glﬂuﬁjmmmhmmwwﬂ facsgaile tanecusnon of m peteon

4,  Only whee pugreph 3 sppiics, a copy of this necifiestion hay haen e 10 the Internscien] Buresn.

Nese s saling sd&en of te IPEA] | prpr—
e
jnh 4845) 0.0 T: 2345 epea ¢ EENKAAZA A
Far. (ra529) 2 Tel (+49-89) D365

For=i PCTAPEARG Quly W) FIbds  UIe/D01/72002)




ROV-GONE ING +313 304 WY (T S T
DEC 05 02 16 21 r PCT/CAG" 00837

F~1ENT COOPERATION TREA 9)/
From tha INTERNAT} REAL ssss aneee
PCT To IV o
DERRATTRYFIGER | EERATL b hersolf ¢ & oot
Suite 28
PCT Rule 61 3) 160 Elgin Street WLIMGE
(PET Rule Ottaws Ontarlo K1 OWLL
CANADA
Dats of nailing (dsy/month/ysan) M N
07 Fabruary 2002 (07 02 02)
"m_;ﬁwoﬂ' JMPORTANT INFORMATION
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National CO
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appl catia nme | mirs and the acts 10 be perfornied upon entry imto tha national phase before » pardzuimr Offios, see Volume I
of the PCT Appl cant’s Guide.
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PCT/CA 01/ 00837 femysincn 11/0672001

Anpacant
UNIVERSITY OF SASKATCHEWAN

| m Tne Apphicant I8 Meredy NOTASd TIAT VG INISMEZONE! BRarm ASpOn As MOBA SXZORINI BN 18 ENSTERC herowih
Fiing of amendments and stalemant under Article 1
Tha saphaant i snttact, If 1 20 wishes, £ amend the Saims of me issmatanal Aspicancn (ese Rus 48)-
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imsmagonal Search Repors howsvar for mome datads, FOS M ROTRS ON TS ALCOMPAMMY SheoL.
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4 Further scdon{s)  Ths appllcant « remncied of tw ORWING:

Snorty &Nt 18 months rom the priority cem, e inmmanans! appecasen will 56 published by the Inemeatonsl Bureau
1f o appicant wishs 10 Avou Of POSTPOne mmamumthmqm of ol the

cialm mutt psasn e interrational Mnmunmmmu.‘s,mm
mﬁnﬂmu snical prapasons o7 itemanonsl pupjcegan. me
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NOTES TO FORM PCY/SA/Z20

‘Ihase Noves are mbandad 1o grve the baso nzinr-1ons sanoemng the King of amendw—ss under artije 18 The
“?l‘--’m“ duup-:rn;:n muu-mTuuw. I “Er“"m For
urder tha Treaty in case of -n " man

mhlmr-ﬂqun sea &iza tha PCT Apphcanl’s Guecoa lpﬂmndw

Inthass Notes Articla “Fera  and Sackion refer lo theproviwons {the FCT the FCT Regulations and the PCT
Mlmuuinr-_pmw

INSTRUCTIONS CONCERNING AMENDMENTS LINDER ARTICLE 19

Tha spplisent hes afier havap) tecerved the intsrnatianal seerch repart ane eppartunty o amend the el of te
mmﬁuwmnmﬁmwp-uu mumqwmmm[:-u
dencription anc smended oxNTwalion prosecure fhers is csually
mu-dwlnm huhmnﬂr“ilmm warts tha jatjer in be
hhmdmwun—mmhmi bejora wosmations
Furtnermeme § 3hwydd ho smetasizad thel orevesanal orotechan m smishie in arwne fistes and.

Wit pmts of the Inderrationsl sppiication may be amanded?
Urndar Article 15, only the clarms may be ammncied.

II. :-hlulﬂ\—- n-d-nlnqd—“:m -‘WM--:N“HW
Artiole 34 bafore the intarnatamal Examining Autharlly ry only

wito tha national all of the Internsiional ba amervied ursler Adisls 20
annm n-u parts appliicalon may

applicsbia ime EmR bt bajore the completion tachwnoal for
{(Fain 48 1)
Whara nel 12 fle the afvandments ?
The amerdmenis may only he fted with e irtemaianal Bureau and nat with tiv recsiving Offias or the
intematsonal Eesrohing Authary (Rule 45.2),

Yhere & damand tor indermatians! pralimnary scaminalion vis beands Sied, s below

Haw? Eithver ontira ¢f
mwm;:::rm s, by ackiing ons or mare new clanms or by smancing e lext of

A m-h-mmhlnlnldhcmm the claimw
replaos st b suben o winch en socaurd of an emandment or

Mwﬂuwdumlmmm-:nﬂh:%hdhmbmm-mb
:uhd. renumbaring of b almms @ fegquerad, e-umdmmmmuuyu-l

The amendments must be mada in the nguage in which the inematiorsl appiication is to be publivhwi.

What dacumants mustAnny secompany the amendmanis?
Lategr (Sectian 304m))
The amandments must be sibmted with § {alier

The leaer will wet bo putiiviwd with the swemasional sppicalion and the anended alasmy £ shoukd
condusad with ttw “Sixamwnt urgler Arksle 168{1)° (see bolow mmuﬁhﬁﬂbtiﬂr)-.'n

The ettt fmest be In Exglish or f'rench &l the chalos 0T Uve applicast. Howsver 1f the tanguage of ihe
internailonal appicstien it English the latsr must be In vage international application
hﬁunu.hmmhll;i.mm il Htnn bang elthe

Netes to Ferm PCTASA22D (first sheat) [lamiary 1934)
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NOTES TO FORM PCT/AISA/220 (continuad)

The letzer must wxficals the diferences batweer the olarrs a3 filed and the claxms as amenaed. & rust in
partiauiar mdeata 1p connecton with each clan appaaring In the intamational application (R temng undemsiood
tnat identical mccations cancaming saveral ams may be grouped) whather

@ theclamw unchanged;

(R twcium u canoalied;

{@) thecium srew

{w) the cigm replaces ane or move clezms & Hlad,

{¥) the ciam is the resuit of the divimon of  claan xs fed.

the whi
mmw‘-ﬂm manner in which anendmetds mustbe expialvad In the

1 [Where ardginally them wers 48 olasms and aher amandmen af some slama here are §1)
"Claws 1 10 29,31 32,34 :s.auuuﬂ-uwmmmunmm
dlaims 30 33 and 38 uchanged new clams 49 to 51 sdded.

[Whaa originaly there weare 15 olaims and after amendment of ol olaims there are 11)
W&MWWanmmmhm

"Clmn1h6-ﬂ14mm7hﬂunuld.mdm15,16md17m or
“Clams 7 o 13 cancafied; new olasne 16 10 and 17 adkded all othwr tiaame urehanged.

4 THhemwion Taih v mmu.nmqum
olam 14 claim 17 witc amenced clmow 15 18 and 17- new claime 20 and 21 added.

L

“Stulament under articie 19{(1)" (Rula 45.4)

n-m be scoompanied by & statement axplaining tw amendmants and sl impact
mat s "ﬁMMmh;ﬂﬂnﬂhamwmhmﬂm

The slaamand will be putished with the stemational applicshon and the xmended cleims
& it be in the language in which the intermational ation st be published

OV S AT P WO U WU T BTSN OF
R ahauld nat b canlured with end doss ot replace the lelter pvdicaling the difiisrencss between the clagmns
s fiod anc s amvendad. & st be fled on ¢ separais shest e mumt be issntifed aa sush by a heading
praferadily ©y Gawng the words "Stebement urder Arhoje 15{1).

1t may nol conten any ocommars on the slemational ssareh report or the misvanos of clullons
urun-dmim Mhdﬂm tolovart o & given alam  contasnad 1n the inlsmationa) sesarch
r-p-nnwhmmhmﬁhmmdmddm

Cansequonce 1l 2 demand for interrationsl preliotioary sxamination has siresdy bean fllod

Consequance with regars to tansiztion of the internatianal application for entry into the national phase
The sppicanfa m-drnnhhhm where mmu-mm-mdh
ol s rnancier] welar - e ﬁ
h-!- o the ﬂ'hd -y - e forres wiwndivhesion] @ Mves &etwwt] of, Ly

For huther decails on the recueraments of swch desynasedieiected Offios sese Voluma | of te PCT Appilcant's

Notes to Farm PETASAZ2D (asaond sheal) {Jenuary 1994)
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INTERNATIONAL SEARCH REPORT
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08-891815W0 ACTION s EJ - opplcae
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PCT/CA 01/00837 11/06/2001 12/06/2000
Appacanm

UNIVERSITY OF SASKATCHEWAN

Ialonrisanm Faurh Basnt ods 2A00 RIMAARGRY S nRmefiopl Sepehing Autnanty and o rantmmed 1 the aoaicans

This Lvemationst Search Reportconsismofatowalof . & sheets,
12 also RCOOMPANET Py A Dy of SACH phOr &N documant chad N Tys ftport.

i Basls of the mpost
R WiT jegard m Iné (mnguags, e mmemational eeanh was camad out on The dasls of e immmatonal appioadan in e
ROuags M which ft wRS R, UGS OInarwisa [nCACRERd unaar TiIe purT

Il mw;mmemummm«mmwmmmmmam

o WA regard to sy nucieotide sncdior amino aoid sequence caciota i the TREMALONA appkcaton. me nitmatoral seanh
w.mﬂwr.g“molmmm e

camenmnad i the intsrmabonat appicatan in wrinen form

fian ©geMer wih D& Noamaticnal azphcaton m camputsr macabla form
hunisned sunsecuenty 1o tnis Authorhty in wittan fom

fumished SuDSSQUNDY T tas Authority m compusr reedhte form.

Te sement that =8 o furmanad wiasn s
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a.

Careain claims were faund heearchalie (Sea Bax {).
Unhy of inventian is lacking (sse Bax 1))

08 O 0O005EH

4. Wi mpard o e gt] __‘
[X1  the et mapproved es submised by e appica, .
[] owwanesoeen esmolaned by s Aumoriy o reacas foscws. ¥

5 Win regard © e shatact,
[X] the s approvad as submised oy the eppicant.
D o L S ok e e 8
8 The iyue of e dawings © de pubhaned with the absTact i Flgue No a
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Accargng 10 inlamatona Parm Ctaasificanon (IPC) o 16 o nanonal cessdenton 3nd IPC
‘ A PIELDS SEARCHED

MY GonIMemalon saarced
IPC7 CO7K ASIK

SpR1iM Plowsd Dy CRsSTCENON Ay}

EMCINOAr OHA QA% SOMENNd (UG THl FRARANORA] SSATTH VA Of GIXA 5200 A2 WNdve Prach<al, S621Eh 1TSS
EPO-Internal WPI Data BIOSIS MEDLINE

C DOCUMENTE CONSIDERED TD BE RELEVANT
Cougary §| Oumenn Al pemman adl  Inelbmatiee, et Spng ity " Paktwnm 1 siase han

X US 4 493 825 A (PLATT KENNETH B ET AL) 15719
15 January 1985 (1985-01-15)
column 1 T1ine 11 - Jine 18
cotumn t 11ne 61 —~column 2 1ine 66
column 3 Jine 48 ~ 1ine B9
column 4 7ine 30 ~ 1ine 41

X US 5 328 987 A (MALISZEWSKI CHARLES R) 156
12 July 1994 (1994-07-12)

column 2 1ine 11 - 1ine 56

colunn 14 1ine 16 —column 15 Jine 12

-f—
m Furthar socmenss and ket In tha comincation of sax C, E Paxont tamgy sMbers anw lstac] W SN
Spacat] CHIAQONPS 01 CARD CACLMSIS
“T" ImeT GOCUMAN pubemncd inlarnationm
A GOCument QTG T GANSrMl SENE Of IO &K WIRCR 3 Nt W"ﬂﬂﬂhmm“ I
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OUWr MRS mﬂ;ﬂ\mmmhl POrson sakeg
F -.minmpgu-:h-d feng ne o 4 ooccEnent mamber of the SSMS pasent armlly
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12 April 2002 24/04/2002
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1 T - e Montero Lopez B
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C4Contnusson) DOCUMENTS CONSIDERED 7O BE RELEVANT
Categary * | Cxabon of documar, with inckcalon whals Sypropnila. &f 1Na n2vint passat Asisvam 1o Cxm No.

X M. YARNALL ET AL.: “Antibody response to 1,6
Haemophilus somnus Fc receptor”
JOURNAL OF CLINICAL MICROBIOLOGY,

vol. 27, no. 1, January 1989 (1989-01),
payws 111--117, A[001004033D

abstract

page 111, right-hand column, paragraph 3
~page 112, left-hand column, paragraph 2
A HANS JONSSON ET AL.: "The type-1II Fc 1-27
receptor from Streptococcus dysgalactjae
1s also an alpha2-macroglobulin receptor”
EUROPEAN JOURNAL OF BIOCHEMISTRY,

vol. 220, 1994, pages 819-826, XP001064876
abstract; figure 1

A J0ZESF VASI ET AL.: "Five homologous . 1-27
repeats of the protein G-related protein
MIG cooperate in binding to goat
Immunoglabulin 6"

INFECTION AND IMMUNITY,

vol. 67, no, 1, January 1999 (1999-01),
pages 413416, XP002195941

WASHINGTON US

the whole document
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Box| Obssrvations where cartain ciaims were found l.llll-lrchlble {Continuation of kem 1 of first sheet)
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Although claims 19-27 are directed to a method of treatment of the
human/animal body, the search has been-carried out and based on the alleged
effects of the compound/composition.
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1 [X] Bests of the opinioa
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1 [X] Nonesahlishment of opinion with regard to novelty, nvemive sep md industrial appicabilicy

W [] Lack of unity of tnvendon

v v ]
X muﬁmq::'huatﬂdﬁmdwm investive trp oy budumrial spplicability;

VI [[] Corstic dosunens cised
vit [7] Cotsin defects in the internacdonal application
vill {} Cersain shecrvazions en te international sppiicedon

1. The sppican: is herwby Ixvited to reply to this opinjon,
Wher!  Ser che,thne fonh indicend showe. The gpplicen may, before the expiation of the tme lisnir, requast this Autherity
wr:umm:!m.nhklﬂ(d}.
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WRITTEN OPINION Intemational application NoPCT/ CA 017 00837

NB:

‘Basis of the opinion

The basls of this written opinion is the application as originally filed.

Non-establlshment of opinion with regard to navelty, Inventive step and Industrial

- applicabllity

The question of whether the claimed invention appears 1o ba nave, to Invalve an
inventive step, or to be Industrially applicable has not basn and will not be the subjact
of the intemational preliminary examination in respact of the claims which have not besn

REEAd 4 VRe A 218) Rl FLAP R Ry VAL L Pa% S e ey HOBR AR TR e

industrial applicabllity

To tha extant that the international preliminery examination has baen carried out (see item
ill abave), the following is pointed out:

In light of the documents cited in the international search report, it Is considered that the
Invention as defined in at |east some of the claims, which have been the subject of an
international search report, does not appear to meet the criteria mentioned in Article 33(1)

PCT, l.e. does not appear to be novel and/or to involve an inventive step (see intemational
eaarrh rapnrt, in partimilar tha dasiimante rflad ¥ anrdinr Y and rormaepnnding slaim referonoee).

if amendments are filed, the applicant shouki comply with the requirements of Rule 88.8
PCT and indicate the basis of the amendments in the documents of the application as
originally filed (Article 34 (2) (b) PCT) otherwise these amendments may not be taken

into conslderation for the establishment of the infernational preliminary examination repart.
Tha attantian nf the appilrant i riroumn tn tha tast that if tho applioation cantaine
an unnanassary plnrAlity of indapandant rlaims, nn avamination of any of the claime will be

carried out.

Should the applicant decide 1o request detalled substantive examination, than an
international preliminary examination report will normally be established directly.
Exceptiggally the examiner may draw up a second written opinion, should this ba axplichly
requested.

Ferm PCT40BAED (EPO-08-2002) P20725
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4.  REMINDER
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paying oastocal within 30 mazghs fromn the

bx pumntehlr o nar, The sbvcsed Oifiows
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copy of the repors and its annexcs, If my, iv being trenenioad to the Inurasional Burea: far oamzaunicadon ta all the

Buresl Wilj prepice an Esggllsh wamiation of the neport (but

act of acy annexes) srd will transniy ach enslasion to thos Offlees.
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[Macwraadanat sppticticn No. Fheg dese (duymontiyor) | Priccity daoe (aay monthiyeer)
PCT/CA 01/ 00837 11/06/2001 1270672000
(eoaryooal Pamet Classificasion (LPC) or nalisal classfication 2w [PC
CO7X14/195 '
Applsal

ONIVERSITY OF SASKATCHEWAN

. mernsdonsl hat hem . g
1. Ths =i m“?duwm a8 nm_wmmqu&m

1 TusREPORT eonslstrofatonalof 2 sheots, inthuding this cover sherc

[] Thisropart is sen moompanted by ANNEXES, L., sheets of the description, ciima sadfor which have
been aanded and are the basls for thid /o bty rectfjoarions made before this Autherity
(n&#ﬂ.llni?dmiﬂdmmmmmmm'

Thew wrstaes conalss of o total of sheme
). This report coataing indications relaring to the following iexs
[{X] Busis of the repest
(] erieiy
i [X] Non-esablishment of opimina withs regard to avelty, kvestive sirp and induraial spplabilicy

[ Lok of wuhty of tvemten
v Ressoned soazerseas under Artisly 35{2) with regacd ta novely, nversive induatrinl H
m dﬁqul.:dnpsm@nhﬂm:. el rlimiiiin
VID Certala decamants ciad
VIL{] Cortain deSecss kn the intrmaicnal spplicadon
vilt [ | Certsin obesrvaiony o3 the internactons] sypication

[ Bhae of mbminicn of te demmd - Dao of campieon of G Teport
lo/0172002 08/08,2002
Naxae xnd mafling wddress of the IPEA; Asthorized officer
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Farm: PCTAFEAAD? (vover shewy) [faly 1998)




DEC-03-0Z 16:28 FROM-=GOWL Ihu 101 3-389~y304 1814 Fr.L0/Ls  PaC

7

INTERNATIONAL PRELIMINARY imemational applcation NoPCT/ CA 01/ 00837
EXAMINATION REPORT

113

V.

Basls of the report
The basis of this international preliminary axamination Is the application as oripinally filed.

nom-esaaislinwiit uf vplniug with iogard to novelly, invantive otop and Industrial

applicability

The qusstion of whether the clalmed invention appears to be novel, io involve an

inventive step, ar t be industrially appliceble has not been the subject of the

intemnational prefiminary axamination in respect of the claims which have not been-

searched (Article 17{2){a) or (3) and Ruje 66.1(s) PCT); ses also intaretional search repart).

Reasoned statement under Ruje s's.a(a)m) with regard to novelty, invantive step or
industrial epplicability

To the extent that the intemational preliminary examinetion has been carrled out (ses item
II| abave), the fellowing Is pointed out:

In light of the docurnenits cited in the intematlonal search report, it Is considerad
that the invention as defined (n at least soms of the claims, which have been the
subject of an intemational search report, does not appear to meet the criteria
mentioned in Article 33(1) PCT, l.e. does not appear 1o be novel and/or 10 involve
an inventive step (see international search report, in particular the documents cited
X and/or Y and comesponding claim references).

Fornm PCT/409NE2 (EPO-08-2002) P20758
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From the INTERNATIONAL SEARCHING AUTHORITY PCT
To
OF
GOMLING LAFLELR HENDERSON LLP AL SEATCH RERORT
Attn. Erratt, Judy A. OR THE DECLARATION

160 Elgin Street, Suite 2600

gmg;, Ontario KI1P 1C3 (PCT Fula 44.1)

Dete of meling
{emmnonieed  01/03/2002
Appicants o agent's file reterance
08-801816W0 FOR FURTHER ACTION 6o paragraght { and 4 baow
Inematicnal apphcanch Na. inmmational fung cls
PCT/CA 01/ 00836 (dawmonmymen)  11/06/200]
Appilcart

UNIVERSITY OF SASKATCHEWAN

1. [Y] Toe appican: ia heneby notfled imat v inmmatont! Seareh Repart has bean saadishad and 18 vansntiaed harswiz.

Flling of amendmenta and statement under Articie 18
The apphicant is entved, i he 40 wishad, 10 Amand the ciams of ha imematianal Appicanon (ssa Fue 48)

When? The time limit for fing such amendments is normaty 2 ments from the ot of tanxniel of he
ImeMmeatonal Ssarch Report howwvar, fof MO GBEES, s e 11otés 0N Tha BLCOMPANYM( SNeoL

Where? Drreciy o the  [Mématanal Bureau of WIPO
54, chemin ass Cajombenes
1211 Genava 20, Switmerang

Fassimbe No.: (41 -22) 7401435

For mope Wulm.mmnmmmmnmm

2, The apaicant & hareby noed thix no inematonal Ssaren Repor will ba esseallenec and that e decapabion undel
Ardoie 17(2){a) v tar etect is Tansmited harewin.

8. [[] with mgurd to the protest agunist payman: o (an) addisanal fee(s) under Rulé 40.2, the apmicantis notiiad mar

D mmnwﬁhﬁmmmmmnmummmmm
applicant's mquest o forwiitl $n@ 160 of Do he prowst and T decision themon o e assgrad Oices.

[7] o aecision nas noan maze yar an the protmst; tve apptican wik be notified 2= 80on &5 & oucielon i mace.

4. Farther action(a): memlé'mmnfmm:

s\qwmummm-mmpmﬂwmtummphﬁmmbmwmnmﬁmm
11 mo appiicant wishes 1 avold o pospane mﬁm.nmﬂﬂmmﬂlmm upplhllon craﬂm
priarty csaim, medt reach the intamatonal pmvuuhnuumummm respecavely, befam
compianon of tha menmicel preparaions fof intemational pubicaton

Wimin 10 mantien tvm ma pasriy den, 8 demens i ivmmadanal nradminans svaminasian mis® ne e if anpilean
mininki W (AWl Tl sy S the nadonn] nhae :Ml'nmm'\ﬁwnmmdmn fin mnﬂl'hﬂl?mm ﬂr{.

mmmmmummummmmmmmmn ¥Tio the natfona! prase
pefora 24 dasignemd Offices which nave not mmmumwmmm’gﬁm 19 monitns from tha
mwmwmamuqudhmmqmmmwmu

Immmummﬁmams-mum Immm
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NOTES TO FORM PCTASA/220

T n qmmmmwm i nml.hulrnq:pl'unh.me
mmn:'mmmwmamu"m .

i inesa Nates, "Article”, "Rule”, and "Geclion” refer to thaprovisions of the PCT, the PCT Regulations and the PCT
Aaministrative Instruotions respeolivaly.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

apploart having reasivad the ane opportunlty fo amend the clsime of he
Inlnm':ﬁmdq:ﬁ:m nmumhmm.ﬁﬁﬂ'mqmm (:‘lﬂ.

thate

no nead o fis amarndmants of the olsime umdar Artiols 18 amept whers, Mhmbw
of ol or as ancther reson oy Inbern

B o e i e g e

What parta cf the Intermaticnal appliontion may e amended?
Untter Aticle 13, only the ciaims may ba smended,

Duxirg fhe intemationa) phass, the alaim sl be amandad (or further emended) under Article 34 belore
mmmmmﬂw msuuﬂmmMulmuﬂyhmm
Astide 34 bofore the intemational Examining Authoriry,

into the national phase, af of the iternational sppliowtian po amancied Lncder Aricle 28
m*'w.nh«. el o ey

Whan? Wzmmhhd:uﬂuuumuﬂuuﬂmmw““hmhm

Lo I PR ey PR ) theuld yw seted, b
bean reosived an i I ymosived hlmmdhnll En-uh-rh dh
mﬁﬂ“m mmumm an ofthe mﬂ” preparstions hruundm;w perblicadion

(Pude 46.1).

Whare nat to file the amandmenis?
The amandmanty only be fled with the intemational Burescs and nat with the recsiving Offios or the
hmdhlgiwqmm&.a )

Whers & dumand for intemational preliminsy ssamination has beenda flod, sae below.

Haow? Exhar by canoel, move enlire algi oF clalme the jext e}
LT O e 1 by gt

A replasernent sfheet Muﬂhﬁdhﬂl“ﬂdhmm.mmdmmw
m.mmnmm

All tw claims appasting on a mpiacement shest must be mumberd in Arsbic numernsls. Wiere a olaim is
canaellad, mnm“duﬁdmuumhdmmmﬂm vt
humhudumm Iiruciions, Bactan 205(b)). ey

The amondments misst tre made In the lenguage in which theintsmationa! application s % be published.

What documenis Mmustimay accontpany the amsadments?
Lattar (Sectiah 205(h)): .
Tha enendments must be eubmittad with o leer,

Tha tezter will not be publishad with the inlemationa! sppiication and ihe smended dalives, I should nat be
confused wih the “Statement under Articl 19{1)" (ase below, Under “Statemant under Articie 19{11.

mmmnh&shhwrm.nhmmmmmmu i1 the tLanquage of the

. imternationia sppiication te Eaglish, 1 latisr wuat be in Engilan; H the languisge of the imemational appiication
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. (@ twclimbaer;
") theclaim repleses ane or mere daims e Sed;
) hesiain k the reaull of the division of a ciaia = fled.

aootm parying felter:
1. [Whare efiginaly 43 cluims and sher amencdmant of some clsires there are 311
Tnirw 1 t0 29, l'l.-:..l-ﬁ'a.ﬂ 48 repleced tyy amanded sinima besring the seme nienbere;

Iﬁ!lﬁ.alﬂ'm-ﬂmdﬁmﬂhﬂ IH'

2 m originatly here were 15 cieims and atter amendmant of alf slaie there are 11}
1 io 15 repincas] by aymended alaime 1 to 13.°

1 Mm-ﬂylmmumdln-m“n-hhm-mmuﬁhm

now claire
'Glm'lgﬂcuum mdlinlii.ll-iﬁ-ﬂ-d. or
'de?hﬂmhﬁ;mdmls.illiﬁmalnh unchangsa.”
4 vasicna ¥inede of amandments are m

.WW%M@.MM&@J@F_—J“

“Statemant upder wiicie 1I1)" (Malo 40.4)

The amendments socompied sxplmning the emendmants and mdicall impasct
lﬁmﬂgmhmhb’mmndﬁmmmhmﬂ“

The slaiermert wil be publisived with the inlemalional appiication snd the smencied claime.
& cout be i the language i which the ivternations] apppiicatien is o be published.
& ot b fufal, not exosecing 500 wards ¥ in Englich or § taralated ints Englsh.

Rshouitl vt bt condmed with and doss nat replsos e lelier indiosting U differences betwosn the visims
s fec and g3 emunded, £ ot ba fladon e whwat arxi must be identifed as auch by & haading,
ﬂwwmummm 1%01)"

2may not certain avy dis sammenis on the inlemational search repart or the relevance of ciatiorn
contanad in that pepart. wmmulmm-\n-dmmmm
mwhnﬁnamhmmnm .

Comequance if a detrang for intemationsl preliminery sxamination has sirsady been ted

g..:ll-ﬁnulﬁuwum"m 1:.-::::!":1:“!“ lurh'lii‘nn
intemations) Bures, lllalulnwd-dn'l‘- MMﬁmu e
m@-ﬁhm first eontonms). .

Consopuwhen with regard to trenalation of the imersational applicalion for entry inta the national phasa
The spplioant's alvertion w drawm io the fact that, wheny mmhnﬁnﬂm a traraiafion of tne
ddm-.nmildunﬂ-dlﬂﬂs tobe
s iy prr-Sadicn mqlun um designxadisclad Officen, inetasd of, or

quuamhmdmwm.mmndhmw

Nates to Farm PCTASAZZE0 {seconc shee) {January 1994)
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The iramational Senrch RpoT has been prapaned mmmm-mbu wppicant
acconding  Asiom 18- Amhm:mm WNI

T S RIS € AR e e TS, ...

1. Basls of the raport
& Win ragard to e langreage, the tmalional seartn wes carried out 6N the basis of the memaional agpiicacan w the
Rnguage M which ik wits Tind, urinss omerwise ndicamd under tis tam.

[ e nmmetonsl ssarcn wes camed out on the basls of & vansaton af e smationss appication turished 1 i
Authorny (Fode 221(b))

o, VAt regard t any Mmmmmmmumuw e FMBMBKooAl S0an
Wik cagrind out On the hasis o1 1o sequance keting : n.

conmand in the nmmatonal appicatien i witten fom.

fled moemar with e intemadonal applcaton in computiy FGaARHNE formm.
Mmmmn.mnmmqmmm.

Tunisnad subsetasenDy 1o this Authority m computar rescie torm,

e smammt il 1 suhestuemy fumishea wiinen squince Geling aoes nat go bayond e cateurs fi T

&8 thec! has pean RiTwned.
He Sutement et v infarmedfon necorded in computer Pacabie form le deniioz) 10 the wiiten sequence SEng HeS DeIn

')

OB O OOCEEE

Certein oleims wers found unssarchabie (See Sox J).
Unkty of invention is jacidng (sss Box ().

L

4. Weth regand e fitle,
he 1T iS BRPTOVEd & SUDNTITED By T Eppficet,
[]  the wanas peen sssmtisned oy inis Authomy 10 read & folows:

5 Wi ragard® e ahetracs, )
[X]  the wxis approvad es suememed oy the appscam.

T It has DN SSEDines, RCCOMIEG 3B.2(0), Authoriey es fr eppaars applent
MﬂmmhmMMu‘mMM m'&mmﬁg:;rm .
6. The figure of the drawinge © te pudlished wim me sbeiactis Figure No. 25
[]  as apoeemd oy e ppicant O neoneorowagme.

D becuusse the apploan: failed © Supgest a Sgure.
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I,  Basls of the report
Tha basis of this intemnational preliminary axamination Is the application as ariginaliy filed.

iIl. Non-establishment of opinion with regard to novelty, Inventive stap and industrial
applicabliity

The question of whether the claimed invantion appears 1o be navsl, to Involve an

{nvantiva stap, or {0 be industrially applicable has not been the subjact of the

intarmational praliminary examination In respect of the clalms which have not baan

searched {Article 17(2){a) or (3) and Rule 86.1(s) PCT); sse also intemational ssarch report).

hnenarerappirchontyrriar Rule 86-2{a}(l]) with regard to novelly, Inventive siap or
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In ight of the documents cited in the intemational search repoart, it Is conskierad

thar tha invention as defined in the clalms, which hava been the subject of an

international search report, meets the criterla mentioned In Article 33(1) PCT,
l.e. appears to be naval, to involve an inventive step and to be Industrially applicabla.
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WO 01/96380 ] PCT/CA01/00837.

The present invention relates generally to bacterial antigens and ganes encoding the
same. More particularly, the present invention pertains to the cloning, expression and
characterization of the Mig Fe-receptor protein from several Streptococcus bacteria speciss,
anq the use of the same in vaccine compositions.

BACKGROUND
Masﬁﬁsismin&cﬁonofﬂﬁmmnryglmﬂusuaﬂycaimedbybuﬁiaorﬂmgu&
Theinﬂmmﬂmyrmpmse-foﬂowhginfecﬁmmﬂmindmedmiﬂcﬁddmweuu
quality, andcausesmajc_:rmnnalecunnmiclossesmﬂmdairyindgshy.
Among the bacterial species most commonly associatsd with mastitis are various

_mﬁmofhgmmm,hchﬂhgmmm, Streptococcus uberis

(untypeeble), Streptococcus agalactioe (Lancefield group B), Streptococcus dysgualactiae
(Lancefield group C), Streptococcus zooepidemicus, and-the Lancefield groups D, G, L and
N streptocacci. Some of those species are contagions (e.g. §. agalactia), while others are
considered environmental pathogens (e.g. S. dysgalactiae and §. uberis).

The enviranmental pathogen S. uberis is responsible for sbout 20% of sl clinical

cases of mastitis (Bramley, A.J. and Dodd, F.X. (1984) J. Dairy Res. 51:481-512; Bramiey,

AJ. (1987) Animal Health Nutrition 42:12-16; Wats, J.L.(1988).J. Dairy Sci. 71:1616-
1624); it is the predominant orgamism isolated fram mammary glands during the non-
lactating period (Bramley, AJ. (1984) Br. Vet. J. 140:328-335; Bramléy and Dodd (1984) J.
Dairy Res. 51:481-512; Oliver, S.P. (1988) Am. J. Vet: Res. 49:1789-1793).

Mastitis resulting from infection with S. uberis is commonly subclinical,
characterized by spparently normal milk with an increase in somatic cell counts due to the
influx of leukocytes. The chemical composition of milk is changed due {o suppression of

_secretion with the tramsfer of sodivm chloride and bicarbonate from blood to milk, cansing a

ghift of pH to 2 more alkaline level. S. uberis mastitis may also take the form of an acute
SUBSTITUTE SHEET (RULE 26)
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clinical condition, with obvious gigns of disease such as clots or discoloration of the milk
and swelling or hardness of the mammary gland. Some cases of the clinical disease can be
severe and pyrexia may be present. For a review of the clinical manifestations of S. uberis
mastitis, see, Bramloy (1991) Mastitis: phyziology or pathology. p. 3-9. In C. Burvenich, G.
Vandeputte-van Messom, and A. W. Hill (ed.), New insights into the pathogenesis of
mastitis. Rijksuniversiteit Gent, Belgium; and Schalm et al. (1971) The mastitis complex-A
brief summary. p. 1-3. In Bovine Mastitis. Lea & Febiger, Philadeiphia.
Coniventional antibacterial contro] methods such as teat dipping and aptibiotic
therapy are effective in the control of many types of contagious mastitis, but the
environmental organisms typically found-in all dairy barns are often resistant to such

" measures. Vaccination is therefore an atiractive strategy to prevent infections of the

mammery glands, and has been shown to be beneficial in the case of some contagious
mastitis pathogens.
Howem,ﬂ:ehhmhnemhmﬂedregardmgvacmﬁonshd:umthmﬁl
pathogens such as S dysgalactiae and §. uberis, and variable results have been observed. In
some cases, immunization has resulted in increased sensitivity to the specific organism smd
in other cases strain-gpecific protection has been obtained.
For example, previous studies have shown that primary infection with S. uberis can

considerably reduce the rate of infection following a second challenge with the same strain

(IG1L, A-W. (1988) Res. Vet. Sci. 44:386-387). Local vaccination with killed S. uberis
protects the bovine mammary gland agsinst intramammmary challenge with the homologous
strain (Finch et al. (1994) Infect. Immun. £2:3599-3603). Similarly, subcutaneons
vaccination with live S. uberis has been shown to cause a dramatic modification of the
pathogenesis of mestitis with the sams strain (Hill et al. (1994) FEMS Inomunol. Med.
Mmbwl B:109-118). Anma]svacmnmdmﬂmwayshedfewerblﬂmamﬂmrnnlkmd
mmyquartmrmamﬂeeofmﬁuhm.

Nonelhcless,woqnanonmthhveormmdbmmmsemkshﬂm
vecipient. Purther, it is clear that conventional killed vaccines are in general largely
ineffective against S. uberis and S. agalactiae, either due to lack of protective antigens on in
vitro-grown cells ar masking of these antigens by molecular mimicry.

The current lack of existing mastitis vaccines against S. agalactiae or the contagious
streptococcus strains is due at least in part to a lack of knowledge regarding the virnlence

_ determinants and protective antigens produced by those organisms which are involved in
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invasion and protection of the mammary gland (Collins et al. (1988) J. Dairy Res. 55:25-32;

" Leigh et al. (1990) Res. Vet. Sci. 49: 85-87; Marshall et al. (1986) J. Dairy Res. 53: 507-514).

S. dysgalactige is known to bind several extracellular and plasma~derived proteins
sun]us fibronectin, fibrinogen, collagen, alpha-II-macroglobulin, IgG, albumin and other
compounds. The organism also produces hyaluronidase and fibrinolysin and is capable of
adhering to and invading bovine mammary epithelial cells. However, the exact roles of the
bacterial components responsible for these phenotypes in pathogenesis is not known.

Similarly, the pathogenesis of S. uberis infection is poorly understood. Furthermore,
the influence of S. uberis virulence factors on host defense mechanisms and mammary gland
physiology is not well defined. Known virulence factors associated with S. uberis include a
hyahuronic scid capsule (Bill, A W. (1988) Res. Ver. Sci. 45:400-404), hyaluronidase
(Schaufuss et al. (1989) Zentralbl Bakteriol. Ser. A 271:46-53), R-like protein (Groschup,
M_H. and Timoney, I.F. (1993) Res. Vet. Sci. 54:124-126), anda_cohemolylin. the CAMP
factor, also known as UBERIS factor (Skalka, B. and Smola, J. (1981.) Zentralbl. Bakteriol,
Ser. A 249:190-194), R-like protein, plasminogen activator and CAMP factor. However,
very little is known of their roles in pathogenicity.

The use of virulence determinants from Strepfococcus as immmogenic, agents has
been proposed. For example, the CAMP factor of S. uberis has been shown to protect
vertchrate subject from infection by that arganism (fiang, et al., U.S. Patent No. 5,863,543). -

The y antigen of the group B Streptococci strain A909 (ATCC No. 27591)is a
component of the ¢ protein marker complex, which additionalty comprises an @ and p
subuzit (Boyle, U.S. Patent No. 5,721,339). Subsets of sexotype I, II, and virtually all
gerotype Ib cells of group B streptococci, have been reported to express components of the ¢
protein. Use of the v subuait as an immmnogenic agent against infections by Lancefield
Group B Streptococcus infection has been proposed. However,itsusainpre\.m;tortut .
bacterial infections in animals, including mastitis in cattle, has not been studied.

The group A streptococcal M protein is cansidered to be ane of the major viralence
factars of this organism by virtue of its ability to impede attack by human phagocytes
(Lancefield, R C. (1962) J. Immunol. 89:307-313). The bacteria persist in the infected tissue
until antibodies are produced agamst the M molecnle. Type-specific antibodies to the M

" protein are able to reverse the antiphagocytic effect of the molecule and allow efficient

clearance of the invading ofganism. -
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M proteins are one of the key virulence factors of Streptococcus pyogenes, due to
their involvement in mediating resistance to phagocytosis (Kehoe, M.A. (1991) Vaccine
2:797-896) and their ability to induce potentially harmfiil host immune responses via their
superantigenicity and their capacity to induce host-cross-reactive antibody responses (Bisno, °
A.L.(1991) New Engl. J. Med. 325:783-793; Froude et al. (1989) Cirr. Top. Microbiol.
Immunol. 145:5-26; Stollerman, G.H. (1991) Clin. Jmmunol. Immunopathol. 61:131-142).

However, obstacles exist to using intact M proteins as vaccines. The protein’s
opsonic epitopes are extremely type-s;;eci.ﬁc, resulting in narrow, type-specific protection.
Further, some M proteins appesr to contain epitopes that cross react with tissues of the
immunized subject, causing a barmfu] autoimmune response (See e.g. Dale, J.G. and
Boachey, EH. (1982) J. Exp. Med 156:1165-1176; Dale, I.B. and Beachey, BHL (1985) J.
Exp. Med. 161:113-122; Baird, R W., Bronze, M.S., Draus, W., Hill, ER., Veasey, L.G. md
Dale, JB. (1991) J. famun.146:3132-3137; Bronze, M.S. and Dale, J.B. (1993) J. Jmomun
151:2820-2828; Cunninghsm, M.W. and Russell, S.M. (1983) Jnfect. Immun. 42:531-538).

Chimeric proteins containing thres different fibronectin binding domains (FNBDs)
derived from fibronectin binding proteins of S. dysgaiactiae end Staphylococcus aureus have
been expressed on the surfiace of Staph. carnosus cells. In the case of one of these proteins,

. intranssal immumizations with live recombinant Staph. carnosus calls expressing the

chimeric protein on their surface resulted in #n improved antibody respopse to a model
iTmmmmogen present within the chimeric surface protein (Liljeqvist, S. et al. (1999) FEBS
Letters 446:299-304).

Bacterial Fc receptars (surface moieties that bind to immumoglobutin molecules
tlmughunm—inmunemerhmim.i.e.,toﬂchporﬁonof:themﬁbody)lrenclassof
binding proteins further categorized by their reactivity with different classes and subclasses
of mammalian immunoglobulins. The type I receptor (also known as Protein A), the most
extensively studied and characterized, has been isolated from Staphylococcus aureus, and
binds to IgG types 1,2 and 4; this receptor type furthe exhibits cross-reactivity with IgA and
IgM. The type IT Fc receptor, found on a few Lancefield Group A streptococe, and the type
01 receptor (also known as Protein G), found on the majority of lumen group C and group G-
strains of streptococcus, have been reported to react with all four types of IgG. In the case
of the type Il receptor, binding to IgG is highty specific; the protein does not cross-react
with IgA or IgM. The type IV receptor is found in certain bovine group G streptococci, and
he type V receptor is formd on certain strains of Streptococcus zooepidemicus, The type VI
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Fc receptor has been isolated from S. zooepidemicus strains S212 and RSS-212, and binds rat

" IgG with high affinity, ie., 100 times that of Protein A binding, and 30 to 40 times as great

as Protein G binding. (Boyle, et al,, U.S. Patent No. 4,977,082). For a discussion of Fc

receptors, see Langone (1982) Adv. Imnnunol. 32:167 and Myhre et al. (1984) Basic-Concepts -

of Strptosocei and Sireptococeal Diseases (olm & Clistmse, eds ) Redbook Lid,
Chertsey, Surrey, Bngland.

Utility for Fe binding proteins have to date been limited to amtibody detection and
purification. 'With respect to clinical spplications, & method of extracorpareal blood
treatment of autoimmume disease which employs Fc binding proteins to remove antigen-
entibody complexes has been proposed (see ¢.g. Fahnestock, U.S. Patent No. 4,954,618).
Howevez, their use in vaccine compositions has not previously been described nor suggested.

Until now, the protective capability of the . dysgalactiae Mig protein against
mastitis has not been studied, nor has the §. Wmegprotmbmm]ﬂedor
characterized.

SUMMARY OF THE INVENTION .
: Mw:ﬁngly.mcmt'mvmﬁmpmﬁdchmmtdnsmdmthm.

In one exnbodiment, the invention is directed to a vaccine composition comprising &
pharmaceutically acceptable vehicle and an Fo receptor protein. Incutmnmbodmmts,the
Fe receptor protein is selected from the group consisting of:

(2) a Streptococcus dysgalactiae Mig protein comprising the amino acid sequence
shown at smmine acid positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4);

(b) an Fc receptor protein having at jeast about 70% sequence idextity to (a); and

(c) immmogenic fragments of () and (b), said fragments comprising at least about 5
amino acids. ' -

_Insome-bodiments,ﬂ:emcimcompo:iﬁon comprises and adjuvent.

Tn yet further embodiments, the inveation is directed to a method of producing a
vaccine composition. The method comprises the steps of

(a)mﬁmnngcmepmmmmmmghﬂcﬁagmmﬂmoam
mmngatleastabonwmmomda,and :

(b) combining said protein with aphmmeuuna]ly acceptable vehicle.

In mother embodiment, the invention isdirected to a method of treating or
preventing a bacterial infection in a vertebrate subject. The method comprises administering
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to the subject a therapeutically effective amount of a vaccine composition as described
above,.

In cartain embodiments the bacterial infection is a streptococceal infection.
Additionally, the bacterial infection msy cause mastitis.

Tn yet another embodiment, the invention is directed to 2 method of treating or
preventing a bacterial infection in a vertebrate subject comprising administering to the
subject a therapentically effective amount of & polynucleotide that comprises a coding
sequence for an Fc receptor protein.

In certain embodiments, the bacterial infection is a streptococoal infection and may
cause mastitis.

These and other embodiments of the present invention will readily occur to those of
ordinary skill in the art in view of the disclosure herein.

BRIEF DESCRIPTION OF THE FIGURES
Figures 1A-1D depict the polynucleotide sequence encoding the Streptococcus
dysgalactiae Mig protein, and the amino acid sequence dednced therefrom (SEQ ID NO:3
and SEQ ID NO:4, respectively). '
Figure 2 presents the following results for peptide structare analysis of the S

dysgalactiae Mig protein a: Kyle-Doolittle Hydropathy plot ("KD Hydrophilicity™), averaged

over a window of 7; an Emini surface probability plot ("Surface Prob."); a Karplus-Schulz
chain flexibility plot ("Flexibility"); a Jameson-Wolf antigenic index plot, and both Chou-
Fasmen end Gamier-Osguthorpe-Robson secondary struchure plots ("CF Alpha Helices” snd
"CF Beta Sheets”; aud "GOR Tums,” "GOR Alpha Helices,” "GOR Beta Sheety,” and
"Glycosylatian Sites," respectively). . _

Figure 3 is a Chou-Fasman secondary structure plot for the §. dysgalactiae Mig

Figure 4 compares the change in the percentage of udder quarters infected with S.
dysgalactiae over 2 7 day period among three experimental groups: (1) mvaccinated control
animals; (2) amimals vaccinated with the Mig protein; and (3) animals vaccinated with GapC,
& plasmin binding protein isolated from S. dysgalactiae that was simmltaneously evaluated.
Infection was defined as recovery of >500 cfu of the S. dysgalactiae per ml of milk
o i y
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Figure 5 depicts the observed inflammatory response to infection with S. dysgalactiae

" plotted as mean somatic cell counts (SCC) for each experimental group versus time in days
" post challenge. In the figure, diamonds (~¢-) represent unchallenged, unvaccinated quarters, -

squares (-1-) represent challenged, unvaccinated animals, triangles(-a-) represent
challenged, Mig-vaccinated snimals, and x’s (-X-) represent challenged, GapC-vaccinated

Figure § {llustrates somatic cell counts per mammary quarter on day 1 post-challenge.
In the figure, the bar represents the mean for each gronp. Squares (-M-) represent
mnvaccinated animals; triangles (-+-) represent GapC-vaccinated animals, and inverted
triangles (-v-) represent Mig-vaccinated animals.

DETAILED DESCRIPTION OF THE INVENTION .

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biclogy, microbiology, recombinant DNA teckmology,
and immmology, which are within the gkill of the art. Such techniques are explained fully in
the literatare. See, e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory
Manual, Vols. I, I1 and IIT, Second Edition (1989); Pexrbal, B., 4 Practical Guide to

_ Molecular Cloning (1984); the series, Methods In Enzymology (8. Colowick and N. Kaplan

eds., Academic Press, Inc.); and Handbook of Experimental Immunology, Vols. I-IV (D.M.

" Weir and C.C. Blackwell eds., 1986, Blackwell Scientific Publications).

The following amino acid sbbreviations are used thronghout the text: .

Alanine: Ala (A) Arginine: Arg (R)
Asparegine: Am (N) _ Aspautic acid: Asp (D) -
Cysteine: Cys (C) Glutamine: G (Q)
Ghutamic acid: Glu (E) Glycine: Gly (G)
Histidine: His (H) Isoleucine: Tle ()
Leucine: Leu.(L) Lyszine: Lys (X)
Meéthionine: Met (M) ~  Phenylalanine: Phe (F)
Proline: Pro (P) Serine: Ser (S)
Threonine: Thr (T) Tryptophan: Trp (W) °
Tyrosine: Tyr (Y) Valine: Val (V)
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1. DEFINITIONS

In describing the present invention, the following terms will be employed, and are
intended to be defined as indicated below.

" Itmust be noted that, as used in this spocification and the appended clsims, the
singular forms "a", "an" and "the" include phural referents unless the content clearly dictates
otherwise. Thus, for example, reference to "a Streptococcus dysgalactiae Fe binding
protein” includes a mixture of two or more such proteins, and the Kice.

The terms "Fc receptor protein” and "Fe binding protein,” used interchangeably
herein, denote a bacterial protein capable of binding to immunoglobulin molecules at a site
other than the antigen recognition site, inchiding without limitation the Fc region of an
immumoglobulin molecule. )

The terms "Mig protein® and "Mig Fe receptor protein® and "Mig Fe binding protein”
(used interchangeably herein) or a mmcleotide sequence encoding the same, intends & protein
or a nucleotide sequence, respectively, which is derived from a Mig gene found in a variety
of bacterial species, inclnding, without limitation, certain strains of group A streptococci.
The nucleotide sequence of a representative Streptococcus Mig gene from S dysgalactice

. (SEQ ID NO:3), and the carresponding amino acid sequence encoded by that gene (SEQ ID

NO:4), is depicted in Figures 1A-1D. However, a Mig protein as defined herein is not
limited to the depicted sequences as subtypes of each of these Streptococcus species are
known and variations in Mig proteins will occur between therm. -
A represexttative Mig gene derived from . dysgalactiae is found in the plasmid
Furthermore, the derived protein or nucleotide sequences need not be physically
derived from the gens described sbove, but may be generated in anry mamner, including for

. example, chemical synthesis, isolation (e.g., from S. dysgalactie) or by recombinant

production, based on the information provided berein. Additinally, the term intends

"proteins having amino acid sequences substantizlly homologous (as defined below) to

contiguous amino acid seqnences encoded by the genes, which display immumological gnd/or
plasmin-binding activity, :

Thus, the terms intend full-length, as well as immmmogenic, truncated and partial
sequences, end active analogs and precursar forms of the proteins. Also included in the term
are nncleotide fragments of the gene that include at least about 8 contiguous base pairs, more
prefersbly at least about 10-20 contiguous base pairs, and most preferably at least about 25 1o
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50, or more, contiguous base pairs of the gene, or any integers between these values. Such

" fragments are useful as probes and in diagnostic methods, discussed more fully below.

The terms also includs those forms possessing, as well as lacking, & signal sequence,
if such is present, as well as the nucleic acid sequences coding therefore. Additionally, the
tmnintmdsfomséfthehﬁgpmtdnswhinhlmkamembrmemchmmgion,mdnuddc
acid sequences encoding proteins with such deletions. Such deletions may be desirable in
systems that do not provide for secretion of the protein. Furthermore, the Fc receptor-
binding domains of the proteins, may or may not be present. Thus, for exampls, if the Mig
Fc binding protein will be used to purify immunogiobulin, the Fe binding domain will
generally be retained. If the protein is to be used in vaccine compositions, immmogenic
epitopes which may or may not include the Fc receptor binding doroain, will be present.

The terms also inclnde proteins in neutral form or in the form of basic or acid
addition salts depending on the mode of preparation. Such acid addition salts may involve
free mino groups and basic sslts may be formed with. free carboxyls. Pharmaceutically
acceptable basic and acid addition salts are discussed forther below. In addition, the protemns
may be modified by combination with other biological materials such as lipids (both those
occurring naturally with the molecule or other lipids that do not destroy immunological

_ activity) and saccharides, or by side chain modification, such as acetylation of amino groups,

phosphorylation of hydroxyl side chains, oxidation of sulfirydryl groups, glycosylation of
amino acid residues, as well as other modifications of the encoded primary sequence.
Themmﬂmefmaiutundldeleﬁm,lddiﬁmsmdsublﬁmﬁmstotheseqmso
long as the polypeptide functions to produce an immimological response as defmed herein.
Yo this regard, particularly preferred substitutions will generslly be cpservative in nature,
i.e., those substitutions that take place within a family of amino acids. For example, amino
acids are generally dividsd into four families: (1) acidic — aspartate and glatemate; (2) basic
— lysine, arginine, histidine; (3) noo-polar — alenine, valine, loucine, isoleucine, proline,
pheaylalanine, methionine, tryptophan; aud (4) uncharged polar — glycine, asperagine,

sometimes classified as aromatic amino acids. For example, it is reasonably predictable that .

an isolated replacement of lencine with isoleucine or valine, or vice versa; an aspartate with a
glutamats or vice versa; a threonine with a serine or vice versa; or a similar conservative
replacement of an amino acid with a structurally related amino acid, will not have a major
effect on the biological activity. Proteins having substantially the same amino acid sequence
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asthefefmmcemolwule,bﬂposmsingmimraminowidsubsﬁmﬁmsthﬂdomt

" substantially affect the tmmmogenicity snd/or plasmin-binding affinity of the protein, are

therefore within the defimition of the reference polypeptide.

Far example, the polypeptide of interest may include up to about 5-10 conservative or
non-conservative amino acid substitutions, or even up to about 15-25 or 20-50 conservative
or non-consexvative amino acid substitutions, or amy integer between these values, so long as
the desired fimction of the molecule remains intact.

Similaly, lﬁbsﬁnnionsoccmﬁng_intheMnmcmbImebindingdomain.ifpmsmt,
and the signal sequence, if present, normally will not affect immimogenicity. One of skill in
the art may readily determine other regions of the molecule of interest that can tolerate
change by reference to the peptide structure plots shown in Figure 2 and Figure 3 herein

The term "streptococeal Mig protein” inteinds 8 Mig Fe binding protein, as defined
above, derived from a streptococcal species that produces the same, including, but not
limited to S. dysgalactice. For example, a "'S. dysgalactiae Mig protein” is a Fc binding
protein as defined above, derived from §. dysgalactiae.

"Wild type" or "pative" proteins or polypeptides refer to proteins or polypeptides
isolated from the source in which the proteins natorally occur. "Recombinant” polypeptides

. refer to polypeptides produced by recombinant DNA techmiques; i.c., produced from cells

transformed by an exogenous DNA construct encoding the degired polypeptide. "Synthetic"
f:olypepudm' mﬂ:osepmpnedﬁychmcal’ synthesis. -
An'iso]md“pmﬁnmpohtpq)ﬁdeisppmtgiﬁmpo{ypepﬁdemo!euﬂss@m-

] md_disareteﬁ'mﬂ:cwholem'gmﬁsmwﬁﬁxwhichthemoleuﬂeisﬁ:mdinm orz

protein or polypeptide devoid, in whole or part, of sequences nommally associsted with it in
natire; or 4 sequence, as it exists In nature, but having heterologous sequences (as defined
below) in association therewith.

The term "finctionally equivalent” intends that the amino acid sequence of 2 Mig Fe.
Vinding protein is one that will elicit a substantially equivalent or echanced immumological

response, as defined above, as compared to the response elicited by 8 Fe binding protein -

having identity with the reference Fe binding protein, or an immumogemnic portion thereof.
‘The term "epitope® refers o the site on &n anfigen ar hapten to which specific B cells

and/or T cells respontl. The term is also used interchangeably with "antigenic determinant”

or "sntigenic determinant site.” Anfibodies that recognize the sarhe epitope can be jdentified
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in a simple immunoassay showing the ability of one antibody to block the binding of another
- antibody to a target antigen.

The terms "immumogenic” protein or polypeptide refer to an amino amdsequ:nce

which elicits an immmological response as described below. An "immunogenic" protein or .

polypeptide, as used herein, includes the full-length sequence of the Fe receptor protein in
question, with or without the signal sequence, membrans anchor domain and/or Fc binding
domain, analogs thereof, or immumogenic fragments thereof.

By "immunogenic fragment” is meant a fragment of an Fc receptor protein which
includes one or more epitopes and thus elicits the immmological response described below.
Such fragments can be identified using any number of epitope mapping techniques, well

" kmown in the arit. See, e.g., Epiiope Mapping Protocols in Methods in Molecular Biology,

Vol. 66 (Glem E. Mouris, Ed., 1996) Humana Press, Totows, New Jersey. For cxample, '
lmmgutopesmzybedetummedbyeg.,comunmﬂysynthemmlxgemmbmof
epudsonsohdsuppom the peptides cmraponﬂngtoporhonsofﬁepmtemmolecule,
and reacting the peptides with antibodies while the peptides are still attached to the sapports.
Such techniques are known in the art and described in, e.g., U.S. Patent No. 4,708,871;
Geysen et al. (1984) Proc. Natl. Acad. Sci. USA 81:3998-4002; Geysen et al. (1986)Molec.

Immumol. 23: 709-715

Smﬂarly, conformational epitopes are readily identified by determining spatial
conformation of amino acids such as by, e.g., x-ray crystallography and 2-dimensional
mclear magnetic resonance. See, e.8., Epitope Mapping Protocols, supra. Antigenic
regions of proteins can also be identified nsing standard antigenicity and hydropathy plots,
such as those calculated nsing, e g., the Omiga version 1.0 software program availsble from
the Oxford Moleculsr Group. This computer progrem employs the Hopp/Woods method,
Hopp et al., Proc. NatL Acad. Sci US4 (1981) 78:3824-3828 for determining antigenicity
profiles, and the Kyte-Doolittle technique, Kyte et al,, J. Mol. Biol. (1982) 157:105-132 for
hydropathy plots. Figures 2 and 3 herein depict Kyte-Doolittle profiles for representative
proteins encompassed by the invention.

Immmogenic fragments, forpmpmpftheprmmtmvmnon,wﬂlusunﬂymnludeat_

least about 3 amino acids, preferably at least about 5 amino acids, more preferably at least
about 10-15 amino acids, and most preferably 25 or more amino acids, of the parent Mig Fc
receptor protein molecale. There is no critical ypper limit to the length of the fragment,
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which may comprise nearly the full-length of the protein sequence, or even a fusion protein
comprising two or more epitopes of Mig.

An “immunogenic composition” is a composition that comprises an antigenic
molecule where administration of the composition to a subject results in the developmentin -
the subject of a humoral and/or a cellular immune response to the antigenic molecule of
interest.

By "subunit vaccine composition” is meant a composition containing at least one
immmogmiopolypepﬁde,butnotnﬂmﬁgms,daivedﬁvmqrhomohgousmmmﬁgm
from a pathogen of interest. Such a composition is substantially free of intact pathogen cells
or particles, or the lysate of such cells or particles. Thus, 2 "subunit vaccine composition” is
prepared from at least partially purified (preferably substantially purified) immmogenic
polypeptides from the pathogen, or recombinant analogs thereof A subunit vaccine
composition can comprise the subunit antigen or antigens of interest substantially free of
other antigens or polypeptides from the pathogen.

By "pharmaceuticaily acceptable” or "pharmacologically acceptable” is meant
material which is not biologically ar otherwise undesirable, ie., the material may be
administered to an individual in a formulation or composition without cansing sy
undesirable biological effects or interacting in a deleterions marmer with any of the
components of the composition in which it is contained. - -

. An "immumological response” to  composition or vaccine is the development in the
host of a cellular and/ or antibody-mediated immune response to the composition or vaccine
of interest. Usnally, an "immumnological response” inclndes but is not limited to one or more
of the following effects: the prodnction of antibodies, B cells, helper T cells, suppressor T

.edk.mdlmcymmﬁcTceﬂsdeorﬁTceu{,dhechdspedﬁcmyhmmﬁgmormﬁgm

inclnded in the composition or vaccine of interest. Preferably, the host will display either a
therapeutic or protective immunological response such that resistance of the msmmery gland
to new infection will be enhanced and/or the clinical severity of the disease rednced. Such
protection will be demonstrated by ejther a reduction or 1ack of sympioms normally
displayed by an infected host and/or a quicker recovery time.

By "mucleic acid immunization” is meant the introduction of a mcleic acid molecule
encoding one or more selected antigens into a host cell, for the in vivo expression of an
antigen, entigens, &n epitope, or epitopes. The mcleie acid moleculs can be imtroduced.
directly into a recipient subject, such as by injection, inbalation, orel, intranasal and mucosal
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adminigtration, or the like, or can be introduced ex vivo, into cells which have been removed

" from the host. In the latter case, the transformed cells are remiroduced into the subject where

an imrmme response can be mounted apainst the antigen encoded by the nucleic acid
molecule.

The term "treatmént" as used herein refers to either (1) the prevention of infection or
reinfection (prophylaxis), or (2) the reduction or climination of symptoms of the diseaso of
interest (therapy).

By "mastitis" is meant an inflammation of the mammery gland in mammals,
including in cows, ewes, goats, sows, mares, and the like, cansed by the presence of S.
uberis. The infection manifests itgelf by the infiltration of phagocytic cells in the gland.
Generally, 4 clinical types of mastitis are recognized: (1) peracute, associated with swelling,
heat, pain, and sbnormal secretion in the gland and accompanied by fever and other signs of
systﬂdcdisnnbmce.smhum:dmddeprwsion,npidweakpqhqsmhmcyu,wuhm
and complete anorexisa; (2) acute, with changes in the pland similar to those above but where
fever, anorexia and depression are slight to moderate; (3) subacute, where no systemic
changes are displayed and the changes in the gland and its secretion are less marked: and (4)
subclinical, where the inflammatory reaction is detectable only by standard tests for mastitis.

Standard tests for the detection of mastitis include but are not linzited to, the

California Mastitis Test, the Wisconsin Mastitis Test, the Nagase test, the electronic cell

couq.tmdsamﬁcccllcmmtsusedtodetectapasimﬂyhighwhitebloodoellconmin
milk. In general, a somatic cell count of about 300,000 to about 500,000 cells per mi or
higher, in milk will indicate the presence of infection. Thus, a vaccine is considered
effective in the treatment and/or prevention of mastitis when, for example, the somatic cell
count in milk is retained below about 500,000 cells perml. For  discussion of mastitis snd
the diagnosis thereof, see, €.g., The Merck Veterinary Manual: A Handbook of Diagnosis,
Therapy, and Disease Prevention and Corntrol for the Veterinarian, Merck and Co., Rahway,
New Jersey, 1991. , '

By the terms "vertebrate," "subject,” and "vertehrate subject” are meant any member
of the subphylum Chordata, including, without limitation, mammals such as cattle, sheep,
pigs, goats, horses, and humans; domestic animals such as dogs and cats; and birds,
including domestic, wild and game birds such as cocks and hens including chickens, turkeys
and other gallinaceous birds; and fish. The term does not denote a particular age. Thus, both
adult end newborn animals, as well as fetuses, are intended to be covered. '
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A "micleic acid” moleculs cen include, but is not limited to, procaryotic sequences,
eucaryotic mRNA, cDNA from eucaryotic mRNA, genomic DNA sequences from eucaryotic
(e:g., mammalian) DNA, and even synihetic DNA sequences. The texm also captures
sequences that include any of the known base analogs of DNA and RNA.

An "isolated" nucleic acid molecule is 2 nucleic'acid molecule separate and dlscrehe
from the whole organism with which the moleculs is found in nature; or a nucleic acid
molecule devoid, in whole or part, of sequences normally associated with it in nature; or a
sequence, as it exists in nature, but having heterologons sequences (as defined below) in
association therewith. The term "isolated” in the context of a polynucleotide intends that the
polymnleohdemuohtedﬁomﬂmchmosumew:ﬂ:whmhltmnomaﬂyasmmned,andm

" isolated from the complete genomic sequence in which it normally occurs.

“Purified polymucleotide™ refers to a polymucleotide of interest or fragment thereof
which is essentially free, e.g., contains less than about 50%, preferably less than about 70%,
and more preferably less than sbout 90%, of the protein with which the polymucleotide is
nsaturally associated. Techniques for purifying polynucleotides of interest are well-known in
the art and include, for example, disruption of the cell containing the polynucleotide with a
chaoﬁoplcagmtmdsepmnonofﬂ:epolynndwude(s)mdpmmbymchmge
chromatography, affinity chromatography and sedimentation according to density.

A eodmgsequmne or a "mucleotide sequence encoding™ a particuler protein, is a
mucleotide sequence which is transcribed snd translated into a polypeptide in vitro or in vivo
when placed under the control of appropriate regulatory elements. The boundsries of the
coding sequence are determined by a start codon at the 5' (emino) termimms and a translation
stop codon at the 3' (carboxy) terminus. A coding sequence can include, but is not limited to,
procaryotic sequences, cONA from encaryotic mRNA, genomic DNA sequences from
sucaryotic (¢.g., mammalian) DNA, end even synthetic DNA sequences: A transcription
termination sequence will usnally be located 3' to the coding sequence. A "complementary®
sequence is one in which the nitrogenous basc at a given nucleotide position is the
complement of the nitrogenous base appearing at the same position in the reference

* sequence. To illustrate, the complement of adenosine is tyrosine, and vice versa; gimilarly,

cytosine is eopplmmmg_lnnine,mdvicevmhmne.ﬂ:eeomplmbf&e
reference sequence 5'-ATGCTGA-3' would be S“TACGACT-3",
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A "wild-type" or "native" sequence, as used herein, refers to polypeptide encoding

- aequmcesthnta.reessmﬁaﬂyasthcyamfomdinnm, e.g., the §. dysgalactiae Mig

protein coding sequences depicted in Figures 1A-1D (SEQ ID NO:4).

"Recombinant” as used herein to describe a nncleic acid molecule means a
polymicleotids of genomic, cDNA, semisynthetic, or synthetic origin which, by virtue of its
origin or manipulafion: (1) is not associated with all or a portion of the polymcleotide with -
which it is associated in nature; and/or (2) is linked to a polynucleotide other then that to
which it is linked in nature. The term "recombinamt* as used with respect to a grotcin or
polypeptide means a polypeptide produced by expression of a recombinant polymucleotide.
"Recombinant host cells," "host cells,” "cells,” "cell lines,” "cell cultures,” and other such
terms denoting procaryotic microorganisms or eucaryotic cell lines cultured as unicellular
entities, are used interchangeably, and refer to cells which can be, or have been, used as
recipients for recombinant vectors or other transfer DNA, and include the progeny of the
originsl cell which has been transfected. It is understood that the progeny of 2 single
parental cell may not necessarily be completaly identical in morphology or in genomic or
total DNA complement to the original parent, due to accidental or deliberate mutation.
Progeny of the parental cell which are sufficiently similar to the parent to be cheracterized by
the relevant property, such as the presence of a nucleotide sequence encoding a destred
peptide, are inchuded in the progeny intended by this definition, aud are covered by the sbove
terms,

"Homology" refers to the percent identity between two polynucleotide or two
polypeptide moieties. Two DNA, or two polypeptide sequénces are "substantially
homologous” to each other when the sequences exhibit at least about 80%-85%, preferably at -
least about 90%, and most preferably at least about 95%-98% sequence identity over a
defined length of the molecules. As used herein, -substantially homologous also refers to
sequences showing complete identity to the specified DNA or polypeptide sequence.

In general, “identity” refers to an exact mucleotide-to-nucleotide or amino acid-to-
amino acid correspondence of two polymcleotides or polypeptide sequences, respectively.
Percent identity can be determined by a direct comparison of the sequence information
between two molecules by aligning the sequences, counting the exact rumber of matches
between the two aligned sequences, dividing by the length of the shorter sequence, and
multiplying the result by 100. Readily available computer programs can be used to aid in the
analysis, such as ALIGN, Dayhoff, M.O. in Atlas of Protein Sequence and Structure M.O.
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Dayhoff ed., 5 Suppl 3:353-358, National biomedical Research Foundation, Washington,

" DC, which adapts the local homology algarithm of Smith and Waterman (1981) Advances in

Appl. Math. 2:482-489 for peptide analysis. Programs for determiining nncleotide sequence
identity are available in the Wisconsin Sequence Analysis Package, Version 8 (available
from Genetics Computer Group, Madison, W) for example, the BESTFIT, FASTA and
GAP programs, which also rely on the Smith and Waterman algorithm. These programs are
readily utilized with the default parameters recommended by the mamifacturer and described
in the Wisconsin Sequence Analysis Package referred to above. For example, percent
identity of a particular nucleotide sequence to a reference sequence can be determined using
the homology elgorithm of Smuith xnd Waterman with a default scoring table and  gap
penalty of six nucleotide positions. '

Another method of establishing percent identity in the context of the present
invention is to use the MPSRCH package of programs copyrighted by the University of
Edinburgh, developed by Jolm F. Collins and Shane S. Sturrok, and distrtbuted by
IntelliGenetics, Inc. (Mountain View, CA). From this suite of packages the Smith-Watermsn
algorithm can be employed where default pamameters are used for the scoring table (for
example, gap open penalty of 12, gap extension penalty of one, and a gap of six). From the

. data generated the “Maich™ value refiects “sequence identity.” Other suitsble programs for
bﬂcﬂnﬁngﬂlepmidmﬁtymﬁmﬂmitybetwemiequmesmgmuﬂlyhmhthe

art, for example, another aligmpent program is BLAST, used with defanlt parameters. For
example, BLASTN and BLASTP can be nsed using the following defemlt parameters:
geaetic code = gtandard; filter = none; strand = both; cutoff = 60; expect = 10; Matrix =
BLOSUMS62; Descriptions = 50 sequences; sort by = HIGH SCORE; Datebases = nan- -
rodundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS translations + Swiss protein
+ Spupdate + PIR. Details of thesc programs can be found at the following internet address:
httpJ/fwww.nchinimnih gov/BLAST/.

Alternatively, homology can be determined by hybridization of polymucieotides
under conditions which form stable duplexes between homologons regions, followed by
digestion with single-stranded-specific miclease(s), and size determination of thé digested
fragments. DNA sequences that are substantially homologous can be identified in a
Southern hybridization experiment under, for example, strmgent conditions, as defined for
that particulsr system. Defining appropriate hybridization conditions is within the siill of
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the exrt. See, e.g., Sambrook et al., supra; DNA Cloning, supre; Nucleic Acid Hybridization,

" supra.

By the term "degenerate variant” is intended a polynucleotide containing changes in
the pucleic acid sequence thereof, that encodes a polypeptide having the same amino acid
sequence as the polypeptide encoded by the polynucleotide from which the degenerate
varisnt is derived.

Techniques for detenmining amino acid sequence “similarity” are well known in the
art. In general, “similarity” means the exact amino acid to amino acid comparison of two or
more polypeptides at the appropriate place, where amino acids are identical or possess
similar chemical and/or physical properties such as charge ar bydrophobicity. A so-termed
““percent similarity” then can be determined between the compared polypeptide seql'mnces.
Techniques for determining nucleic acid aod amino acid sequence identity also are well
knuwnh:theaﬂmdhdudzddminingthenudwﬁdeqequmgeofﬂ:emRNAfurﬂ:ngm
(usually via a cDNA intermediate) and determining the amino acid sequence encoded
thereby, and comparing this to & second amino acid sequence. Jn general, “identity” refers to
an exact micleotide to nucleotide or amino acid to amino acid correspondence of two

. polynucleotides or polypeptide sequences, respectively.

A "heterologous” region of a DNA construct is an identifiable segment of DNA
within or attached to amother DNA molecule that is not found in association with the other
molecule in nature. Thus, when the heterologous region encodes a bacterial gene, the gene -
will usually be fianked by DNA fhat does not flamk the bacterial gens in the genome of the
source bacteria. Another example of the heterologous coding sequence is a construct where
the coding sequence itself is not found in nature (e.g., synthetic sequences having codons '
different from the native gene). Allelic variation or naturally occurring mmtational events do
not give rise to a heterologous region of DNA, as used herein.

A“vectm“marephcon,suchasaphsmd,phage,orcomd,towhmhmoﬂmrDNA
segmentmaybea:mﬂhedsoastoprmgaboutthzmphmnonofhemnhedsegmmt A
mmhcapableoftp:sfminggmesequmcmm‘tugetcgm(e:g,bacbmidphsmid
vectors, viral vectors, non-viral vectors, particulate carriers, and liposomes).

Typically, the terms "vector construct,” “expression vector,” "gene expression
vector," "gene delivery vector," "gene transfer vector,” and "expression cassette” all refer to
an assembly which is capeble of directing the expression of a sequence or gene of interest.
Thnus, the terms include cloning and expression vehicles, as well as viral vectors.
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These assemblies include a promoter which is operably Linked to the sequences or

" gene(s) of interest. Other control elements may be present as well. The expression cassettes

described herein may be contained within a plasmid construct. In addition to the
components of the expression cassette, the plasmid construct mey also includs a bacterial
origin of replication, one or more selectable markers, a signal which allows the plasmid
construct to exist as single-stranded DNA (e.g., a M13 origin of replication), a multiple
cloning site, and a "mammalisn" origin of replication (e.g., a SV40 or adenovirus origin of
replication).

DNA "control elements" refers collectively to trmscription promoters, franscription
enhancer elements, transcription termination sequences; polyadenylation sequences (located

'3' to the translation stop codon), sequences for optimization of initiation of translation

(located 5’ to the coding sequence), translation termination sequences, upstream regulatory
domains, ribosome binding sites and the like, which collectively provide for the transcription
and transistion of a coding sequence in a host cell. Seo e.g., McCaughan et al. (1995) PNAS
US4 92:5431-5435; Kochetov et al (1998) FEBS Letts. 440:351-355. Not all of these control )
sequences need always be present in a recombinant vector so long as the desired gene is
capable of being transcribed and tramglated.

"Operably linked" refers to an arrangement of elements wherein the components so

described are configured so as to perform their nsnal fimction. Thus, control elements

operably linked to & coding sequence are capable of effecting the expression of the coding
sequence. The control elements need not be contiguous with the coding sequence, so long as
they function to direct the expression thereof. Thns, for example, intervening untranslated
yett;mcﬁbedsequmcesmbepmsmtbﬁwemapmmnmmdthecodingnqumwmd

_ . the promoter can still be considered "operably linked" to the coding sequence. Similarty,

"comtrol clements compatible with expression in a subject” are thoae which are capable of
effecting the expression of the coding sequence in that subject. .

A conirol element, such g8 & promoter, "directs the trmscription” of & coding
sequence i a cell when RNA polymerase will bind the promoter and transcribe the coding
sequence into mRNA, which is then translated into the polypeptide encoded by the coding
sequence. -

A“hostoeﬂ":saoellwhmhhasbe:ntmsformed.m'mcapableoftmsfmmmnn,by
an exogenons nucleic acid molecule. - .
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A cell has heen "transformed” by exogenous DNA when such exogenous DNA has

" been introducad inside the cell membrape. Exogenous DNA may or may not be integrated

(covalently linked) into chromosomel DNA making up the genome of the cell. Tn
procaryotes and yeasts, for example, the exogenous DNA may be maintained on an episomal -
element, such as a plasmid. With respect to eucaryotic cells, a stably transformed cell is one
in which the exogenous DNA has become integrated info the chromosome o fhat it is
inherited by daughter cells through chromosome replication. ‘This stebility is demonstrated
by the ability of the eucaryotic cell to establish cell lines or clones comprised of a population
of daughter cells containing the exogenous DNA. '

As used herein, a "hiological sample” refers to a sample of tissue or fluid isolated
from a subject, including but not limited to, for example, blood, plasma, serum, fecal matter,
urine, bone marrow, bile, spinal fid, lymph fiuid, samples of the skin, external secretions of - -
the gkin, respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, blood cells,
organs, biopsies and also semples of in vitro cell culture constituents including but not
limited to conditioned media resulting from the growth of cells and tissues in culturs
medium, e.g., recombinent cells, and ¢ell components. )

As used herein, the terms “Iabel" and "detectable label” refer to a molecule capable of
detection, including, but not limited to, radioactive isotopes, fluorescors, chemiluminescers,
enzymes, enzyme substrates, enzyme cofactors, enzyme inhibitors, chromophores, dyes,
metal ions, metal sols, ligands (¢.g., biotin or haptens) and the like. The term “fluorescer”
rnfmsmnmbmmemaporﬁmmmfwhinhhapableofahibﬂjngwinths

. detectable range. Particular examples of labels which may be used under the invention

include fluorescein, rhodamine, dansyl, umbelliferone, Texas red, lnminol, NADPH and a-p-

2. MODES OF CARRYING OUT THE INVENTION

Before describing the present invention in detai, it iz to be understood that this
invenﬁmisnotﬁmitedmparﬁmlnfomuiaﬁomarmpmetmassunhmy. of
course, vary. Itis also to be understood that the terminology used herein is for the purpose
of describing particulsr embodiments of the invention anly, and is not intended to be
limiting,
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Although a number of methods and materials similar or equivalent to those described

" herein can be used in the practice of the present invention, the preferred materials and

methods are described herein. _

Central to the present invention is the discovery that the Mig Fc binding protein
isolated from S. dysgalactiae is capable of eliciting an immume response in a vertebrate
subject In particular, the gene for the Mig protein in 5. dysgalactiae has been isolated,
sequenced and characterized, and the amino acid sequence encoded by the gene has been
deduced therefrom. The complete DNA sequence for the §. dysgulactiae mig gene (SEQ ID
NO:3) and the corresponding amino acid sequence (SEQ ID NO:4) are shown in Figures 1A-
1D,

As described in the examples, the full-length S. dysgalactiae mig gene, depicted at
nucleotide positions 1-2,010 inclusive, of Figures 1A-1D, encodes the full-length S.
dysgualactiae Mig protein of 669 amino acids, which inclndes 2 first 24 amino acid
transmembrane region (residues 15 and 39) and a second 18 amino ecid transmembrane
region of 18 amimo acids (residues 646-664). Transmembrane regions were determined
using the TMpred program, which predicts membrane-spanning regions and their orientstion,
The program uses an algoritbm based on the statistical anelyzis of TMbase, a database of

. paturally occurring transmembrane proteins, using a combination of several weight matrices

for scoring. Sec Hofinam, K., & Stoffel, W. (1993) Biol Chem. 347:166.

S. dysgalactine Mig has a predicted molecular weight of about 73 kDa. (calculsted
uging the Peptide Sort program of the GCG Wisconsin Package, version10, provided by the
SeqWeb sequence analysis packege, version 1.1 of the Canadian Bioinformatics Resource), -
The full-length sequence includes a signal peptide. -

Figure 2 plots the following structural analyses results for the Mig protein of the
present invention: Kyte-Doolittle hydrophathy, averaged over a window of 7; surface
probability according to Emini; chain flexibility sccording to Karplus-Schulz, antigenicity
index according to Jameson-Walf; secondary structure according to Gamnier-Osguthorpe-
Robson; secondary structure according to Chou-Fasman; apd predicted glycosylation gites.
Figure 3 plots secondary structure according to Chou-Fesman for the Mig protein of the

_ present invention. Ons of skill in the art can readily use the information presented in Figures

2 and 3 to determine immunogenic regions in the protein for use in vaccine coppositions.
Mig Fc receptor proteins, including without limitation the S. dysgalactize Mig
protein, immmogenic fragments thereof or chimeric proteins including the same, can be
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provided in subunit vaccine compositions. In addition to use in vaccine compositions, the

" proteins or antibodies thereto can be used as diagnostic reagents to detect the presence of
infection in a vertebrate subject. Similarly, the genes encoding the proteins can be cloned

and used to design probes to detect and isolate homologous genes in other bacterial strains.
For example, fragments comprising at least about 15-20 micleotides, more preferably at least
gbout 20-50 mcleotides, and most preferably about 60-100 nucleotides, or any integer
between these values, will find use in these embodiments.
Ihevmainecomponiﬁonsofﬂ:.epmentinvﬁmémbeuse&tnteatmpremta
wide variety of bacterisl infections in vertebrate subjects. For example, vacsine '
compositions inchuding, without kmitation, the Mig Fc receptor protein from S. dysgalactiae,
can be used to treat streptococcal infections in vertebrate subjects that are cansed by this or
other species. In particular, §. uberis, S. agalactize, and §. dysgalactiae are common
bacterial pathogens associated with mastitig in bovine, equine, ovine and goat species.

. Additionally, group B streptococci, such as §. agalactiae, are known to canse numerous

ofher infictions in vertel i . .. ingitis, ia, impetigo,
arthritis, urinary tract mfections, abscesses, spontaneous abortion ete. Hmce,vancme
compositions containing the Mig Fc receptor protein will find vse in treating and/or

. preventing a wide variety of streptococeal infections.

Similarly, Fc binding proteins derived from other bacterial genera such as
Staphylococcus will find use for treating bacterial mfections caused by species belonging to
those genera. Thus, it is readily apparent that Fc binding proteins from a variety of bacterial
species can be used to treat and /or prevent a wide variety of bacterial infections in mumerous

The streptococcal Fe binding proteins of the present invention, including without
limitetion the Mig Fc binding protein, can be used in vaccine compositions either alons or in
combination with other bacterial, fingal, viral or protozoal antigens. These antigens can be
provided separately or even as fusion proteins comprising one or mare epitopes of an Fc
binding protein fused to one or more of these antigens. For example, other immmmogenic
proteins from S. uberis, such as the CAMP factor, hyaluronic acid capsnle, hysloronidase, R-.
like protein and plasminogen activatar, can be administered with the Mig protein
Additionally, immunogenic proteins from other arganisms involved in mastitis, such as from
the genera Staphylococcus, Corynebacterium, Pseudomonas, Nocardia, Clastridium,
Mycobacterisan, Mycoplasma, Pasteurella, Prototheca, other streptococei, coliform bacteria,
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as well as yeast, can be administered along with the Fc binding proteins described herein to

" provide a broad spectrum of protection. Thus, for example, immunogenic protains from'

Staphkylococeus aureus, Str. agalactiae, Str. dysgalactiae, Str. zooepidemicus,
Corynebacterium pyogenes, Pseudomonas aeruginosa, Nocardia asteroides, Clostridium
perfringens, Escherichia coli, Enterobacter aerogenes and Klebsiella spp. can be provided
along with the Fe binding proteins of the present invention. '

Additionally, Fc proteing from different streptococcal species may be used together in
the vaccine compositions of the present invention. In this embodiment, the multiple Fc

- proteins mey be provided either as fusion proteins or as discrete antigens in the same or

Production of Fe Binding Protei
The above-described Fe binding proteins and active fragments, analogs and chimeric
proteins derived from the same, can be produced by variety of methods. Specifically, Fc
binding proteins can be isolated directly from bacteria which express the same. This is
generally accomplished by first preparing a crude extract which lacks cellular components

. cell lysate fraction by, e.g., column chromatography, HPLC, immumoadsorbent techniques or
 other conventional methods well known in the art.

More particulerly, techniques for jsolating Fc binding proteins have been described.
For example, the methods of Reis, et al. have been used to isolate a functionally
homogeneous Fc receptor having the properties of a type-IIl receptor (Reis et al., (1984) J.
Immunol. 132:3091). ' :
" Altematively, the proteins can be recombinantly produced es described herein. As
explained sbove, these recombinant products can teke the form of partial protein sequences,

'ﬁﬂ-lmgm:bqlmos.mﬁmsﬁdmhdeﬁgnﬂseqm,mmﬁqméwithm

signals, or even fusion proteins (e.g., with an appropriate leader for the recombinant host, or
with another snbunit antigen sequence for Strepfococcus or another pathogen). _

" Inone embodiment of the present invention, the S. dywgalactiae Mig protein is
purified from a cell lysate fraction using affinity chromatography after recombinanity
pmdnmngthepmtem. See Example 1A-D, infra.
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Gene libraries can be constrcted and the resulting clones used to transform an

" sppropriate host cell. Colonies can be pooled and screened for clones having Fe receptor

binding activity, i.e., for clones capable of binding IgG.

Altemaﬁvdy.oncetheaininomidseqmmdetm;ﬁne&oﬁgmlmﬁdepmbea ‘
which contain the codons for & portion of the determined amino acid sequences can be
preﬁuedmdusedtomgmnmicorcDNAﬁbmiesfmgmmcodingthembject
proteins, The basic strategies for preparing oligomncleotide probes and DNA libraries, as
well as their screening by nucleic acid hybridization, are well known to those of ardinary
aldll in the art. See, e.g., DNA Cloning: Vol. 11, supra; Nucleic Acid Hybridization, supra;
Oligonuclsotide Synthests, supra; Sambrook et al., supra. Once a clone from the screensd
library has been identified by positive hybridization, it can be confirmed by restriction
enzyme analysis and DNA sequencing that the particular library insert contains a Fc binding
protein gene or a homolog thereof. The genes can then be further isolated using standard
techmiques end, if desired, PCR approaches or restriction enzymes employed to delete
portions of the full-length sequence. ’

Similarly, gemes can be isolated directly from bacteria using known techniques, such
as phenol extraction and the sequence firther mamipulated to produce any desired alterations.

_ See, £.g., Sambrook et al,, supra, for & description of techniques nsed to obtain and isolate

DNA.
Alternatively, DNA sequences mnodmg the proteins of interest can be prepared
gynthetically rather than cloned. The DNA sequences can be designed with the appropriate

_ codons for the particular amino acid sequence. In general, one will select preferred codons

for the intended host if the sequence will be used for expression. The complete sequence is
assembled from overlapping oligomucleotides prepared by standard methods and assembled
into a complete coding scquence. See, ¢.g., Edge (1981) Nature 292:756; Nambair et al.
(1984) Science 223:1299; Jay et al. (1984) J. Biol Chem. 25%:6311.

Once coding sequences for the desired proteins have been prepared o isolated, they
can be cloned into any suitable vector or replicon. Numerous cloming vectors are known to
those of skill in the art, and the selection of mm appropriate cloning vector is a matter of
choice. Examples of recombinant DNA vectors for cloning and host cells which they can
transform inchude the bacteriophage A (E. coli), pBR322 (E. colf), pACYC177 (E. eoli),
pKT230 (gram-negative bacteria), pGV1106 (gram-neggtive bacteria), pLAFR1
(grxm-negutive bacteria), pME290 (non-E. coli gram-negative bacteria), pHV14 (E. coli and
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Bacillus subtilis), pBD9 (Bacillus), plI61 (Streptomyces), pUC6 (Streptomyces), YIp5

(Saccharomyces), YCp19 (Saccharomyces) and bovine papilloma virus (mammalien celis).
See, Sambrook et al., supra; DNA Cloning, supra; B. Pebal, supra.

mgmecanbepheedmdaﬂu;contolofapmmom,ﬁbosomebindingdte(fm
bacterial expression) and, optionally, an operator (collectively referred to herein as "control”
clements), so that the DNA sequence encoding the desired protein is transcribed into RNA. in
thehostcdltmsfomedbyavedorcmt:iningihiqmmimm&ucﬁm The coding
sequence may or may not contain a signal peptide or leader sequence. If a signal sequence is
included, it can either be the native, homologous sequence, or a heterologous sequence. For
example, the signal sequence for the S, dysgalactiae Mig protein (amino acid residue 1 to 39,
inclusive) can be used for secretion thereof, as can a number of other signal sequences, well
known in the at. Leader sequences can be removed by the host in post-translational
processing. See, e.g., U.S. Patent Nos, 4,431,739; 4,425,437, 4,338,397.

Other regulatory sequences may also be degirable which allow for regulation of
expression of the protein sequences relative to the growth of the host cell. Regulatory”
sequences are known to those of ekill in the art, and examples include those which canse the
expression of & gene to be turned on or off in response to a chemical or phyxzical stimnlus,

. including the presence of a regulatory compound. Other types of regulstory elements may

also be present in the vector, for example, enhancer sequences.

The control sequences and other regulatory sequences may be ligated to the coding
sequence prior to insertion into a vector, such as the clohing vectors described shove.
Altemastively, the coding sequence can be cloned directly into an expression vector which
already contains the control sequences and m eppropriate restriction site.

hmeﬁssitmwbenmmybmﬁﬁﬁncodingsequmsotbﬂitm:ybe
lﬂanhedmﬂ:ecomolseqummwiﬁmeapwu;ﬂmoﬁmﬁomi&,mmainnintbepmpa
reading frame. It may also be desirzble to produce mutanty or analogs of the Fo binding
protein. Mutents oranalogsmaybeprqm’edbyﬂleddeﬁonofap&ﬁmofth;seqlmce
encoding the protein, by insertion of a sequence, and/or by substitution of one or more
mucleotides within the sequence. Techniques for modifying nucleotide sequences, such as
site-directed mutagenesis, are described in, ¢.8., Sambrook et al., supra; DNA Cloning,
supra; Nucleic Acid Hybridization, supra.

The expression vector is then used to transform an appropriate host cell. A number
of mammalisn ce]l lines are known in the art and include inpnortalized cell lines available
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from the American Type Culture Collection (ATCC), such as, but not imited to, Chinese

" hamater ovary (CHO) cells, HeLa cells, baby bamster kidney (BHX) cells, monkey kidney

cells (COS), human hepatocelinlar carcinoma cells (e.g., Hep G2), Madin-Darby bovine

kidney ("MDBK™") cells, as well as others. Similarly, bacterial hosts such as E. coli, Bacillus

subtilis, and Streptococcus spp., will find use with the present expression constructs. Yeast
hosts nseful in the present invention include inter alia, Saccharomyces cerevisiae, Candida
albicans, Candida maltosa, Hansenula polymorpha, Kluyveromyces jragilis, ﬂmmmyca
lactis, Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces pombe and Yarrowia
lipalytica. Insect cells for use with baculovirus expression vectors include, inter alia, Aedes
aegypti, Autographa californica, Bombyx mori, Drosophila melanoguster, Spodaptera

' frugiperda, and Trichoplusia mi.

Depending on the expression systern and host selected, the proteins of the present
invention are prodnced by culturing host cells transformed by an expression vector described
sbove under conditions whereby the protein of interest is expressed. The protein is then
isolated from the host cells and purified. If the expression system secretes the protein into
the growth media, the protein can be purified directly from the media. If the protein is not
secreted, it is isolated from cell lysates. 'Iheselecnunofﬂlesp;n'opnmsrowthcmdmons

_ and recovery methods are within the skill of the art

The proteins of the present invention may also be produced by chemical synthesis
such as solid phase peptide synthesis, using known amino acid sequences or amino acid
sequences darived from the DNA. soquance of the genes of inferest.- Such methods are
known to those skilled in the art. See, c.g., J. M. Stewart and J. D. Young, Solid Phase
Peptide Synthesis, 2nd B4, Pierce Chemical Co., Rockford, IL (1984) and G. Barany and R

" B. Menifield, The Peptides: Analysis, Synthesis, Biology, editors E. Gross and J.

Meienhofer, Vol 2, Academic Press, New York, (1980), pp. 3-254, for solid phase peptide
synthesis techniques; and M. Bodensky, PrmaplaofPepudeMm Sprmgm' Verlag,
Bezlin (1984) and E. Gross and J. Meienhofer, Eds., The Peptides: Ambrm -S)mthem'
Biology, supra, Vol 1, for classicel solution synthesis. Chemical synthesis of peptides may
be prefierable if a small fiagment of the atigen in question is capsble of raising an
immmological response in the subject of interest.

The Fe binding proteins of the present invention, or their fragments, can be used to
produce antibodies, both polyclonal and monoclonal. If polyclonal antibodies are desired, 2
selected mammal, (e.g., mouse, rabbit, goat, horse, etc.) is immunized with an antigen of the

SUBSTITUTE SHEET (RULE 26)




YIL L

10

15

30

WO 01/96380 . PCT/CA01/00837 1
2 ,

present invention, or its fragment, or a mutated antigen. Serum from the immunized animal

" is collected and treated accarding to known procedures. See, e.g., Jurgens ot al. (1985).J.
.Chmm. 348:363-370. If serum conteining ‘polyclonal antibodies is used, the polyclonal

antibodies can be purified by immunoaffinity chromatography, using known procedures.
Monoclonal antibgdies to the Mig protein and to the fragments thereof, can also be

readily produced by one skilled in the art. The general methodology for making monoclonal

antibodies by using hybridama technology is well known. Immortal antibody-producing cell

lines can be created by cell fusion, and also by other techmiques such as direct tramsformation

of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus, Ses, e.g., |

M. Schreier et al., Hybridoma Technigues (1980); Hammerling et al, Monoclonal Antibodies X

and T-cell Hybridomas (1981); Kexmett et sl, Monoclonal Antibodies (1980); see also ULS. |

Patent Nos. 4,341,761; 4,399,121; 4,427,783; 4,444,887; 4,452,570; 4,466,917; 4,472,500, '

4,491,632; and 4,493,890. Panels of monoclonal antibodies produced against the Mig |

protein, or fregments thereof, can be screened for various properties; i.e., for isotype, epitope,

affinity, etc. Monoclonal antibodies are useful in purification, using immumoaffmity

techniques, of the individusl antigens which they are directed against. Both polyclonal and

monoclonal antibodics can also be used for pessive immunization or can be combined with

subunit vaccine preparations to enhance the immmme response. Polyclonal and monoclonal

Thchbmd:ngprohmsofﬂ:epresentmvenhoncanbeﬁ:muhtedmtomme
compositions, either alone or in combination with other antigens, for use in immumizing
subjects as described below. Methods of preparing such formulations are described in, e.g.,
Remington's Pharmaceutical Sciences, Mack Publishing Company, Baston, Pennsylvanis, 18
Bdition, 1990. Typically, the vaccines of the present invention axe prepared as injectables,
either as liquid solutions or suspensions. - Solid forms suitable for solution in or suspension
mhqmdvebmlespnortom]ectlonmaya]sobeprepared. The preparation may also be
emulsified or the active ingredient encapsulated in liposome vehicies. The active
immunogenic ingredient is generally mixed with 2 compatible pharmaceutical vehicle, such -
as, for example, water, saline, dextrose, glycerol, ethanol, or the like, and combinations
thereof. In addition, if desired, the vehicle may contain minor amounts of anxiliary
substances such as wetting or emulsifying agents and pH buffering agents.
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Adjuvants which enhance the effectivensss of the vaccine may also be added to the

" formulation. Adjuvants may include for example, muramy] dipeptides, avridine, aluminum

hydroxide, dimethyldioctadecyl ammonium bromide (DDA), oils, oil-in-water emulsions,
sapomins, cytokines, and other substances known in the art.

The Mig protein may be linked to a cerrier in arder to increase the immunogenicity
thereof. Suitable carriers include large, slowly metabolized macromolecules suchas
proteins, including serum albumins, keyhole limpet hemocyenin, immunoglobulin
molecules,thymglobu]il_). ovalbumin, and other proteins well known to those skilled in the
art; polysaccharides, such as sepharose, agarose, cellulose, cellulose beads and the like;
polymeric amino acids such as polyghrtamic acid, polylysine, and the like; amino acid
copolymers; and inactive virus particles.

Ihchbindingpmﬁeinsofthepruentinwnﬁonmybeusedinthz&mﬁvqumw
their fimctional group content may be modified by, for example, succinylation of lysine
residues or reaction with Cys-thiolactome. A sulthydryl group may also be incorporated into
the carrier (or antigen) by, for example, reaction of amino fonctions with 2-iminothiolane or
the N-hydroxysuccinimide ester of 3-(4-dithiopyridyl propicnate. Suitable carriers may also
be modified to incorporate spacer arms (such a8 hexemethylens diemine or other bifunctional

__ molecules of similar size) for attachment of peptides.

Other suitable carriers for the Fc binding proteins of the present invention include

VP6 polypeptides of rotaviruses, or fimctional fragments thereof, as disclosed in U.S. Patent

No. 5,071,651, Also useful is a fusion product of a viral protein and the subject immumogens
made by methods disclosed in U.S. Patent No. 4,722,840, Still other suitable carriers include
cells, such as lymphocytes, since presentation in this form mimics the natural mode of
presentation in the subject, which gives rise to the immumized state. Alternstively, the
proteins of the present invention may be coupled to erythrocytes, preferably the subject’s
own erythrocytes. Mefhiods of coupling peptides to proteins or cells are known to those of
skilintheart . . ) | .
Furthermore, the Fe binding proteins (or complexes thereof) may be formulated into
vaccine compositions in either neutral or salt forms. Pharmacentically acceptable salts
incude the acid addition salts (formed with the free amino groups of the active polypeptides)
snd which sve formed with inorganic acids such as, for example, hydrochloric or phosphoric
acids, or such organic acids as acetic, oxalic; tartaric, mandelic, and the like. Salts formed

. from free carboxyl groups may algo be derived from norganic bases such ag, for example,
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sodinm, potassium, ammonium, calcium, or ferric hydroxides, end such organic bases as
isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the like.

Vaccine formulations will contain a “therapentically effective amount” of the active
ingredient, that is, an amount capable of eliciting en immmune response in & subject to which -
the composition is administered. In the treatment and prevention of mastitis, for example, &
"therapeutically effective amount” would preferably be an zmount that enhances resistance of
the mammary gland to new infection and/or reduces the clinical severity of the disease. Such
protection will be demonstrated by either a reduction or lack of symptoms normally
displayed by an infected host, a quicker recovery time and/or a lowered somatic cell count in
milk from the infected quarter. For example, the ability of the composition to retein or bring
the somatic cell count (SCC) in milk below about 500,000 cells per ml, the threshold value
set by the International Dairy Federation, above which, animals are considered to have
clinical mastitis, will be indicative of a therapeutic effect. _

The exact amount is readily determined by one skilled in the art using standard tests.
The Fe binding protein concentration will typically range from sbout 1% to about 95% (w/w)
of the composition, or even bigher or lower if appropriate. 'With the present vaccine
formulaticing, 5 to 500 pg of active ingredient per ml of injectad solution shonld be adequate
to raise an imrounologicel response when a doss of 1 to 3 ml per animal i3 administered.

To mmmnmize a subject, the vaccine is generally edministered parenterally, usually by
intramuscular injection. Other modes of administration, however, such as subcutaneous,
intraperitoneal and infravenous injection, are also acceptable. The quantity to be
mmmwmﬁnmﬁnﬂmbemmmtyofﬁemminmm
gystem to synthesize antibodies, and the degree of protection desired. Effective dosages can
be readily established by one of ordinary skill in the art through routine trials establishing

‘dose response curves. The subject is immumized by administration of the vaccine in at least

one dose, end preferably two doses. Moreover, the animal may be administered as maoy
doses a8 is required to maintain a state of immumity to infection.

~ Additional vaccine fornmlations which are suitable for ofher modes of administration
include suppositories and, in soms cases, aerosol, intranasal, oral formulations, and sustained
release formulations. For suppositorics, the vehicle pomposition will inchide traditional
binders and carriers, such as, polyalksline glycols, or triglycerides. Such suppositaries may
be formed from mixtures containing the active ingredient in the range of shout 0.5% to about
10% (w/w), preferably about 1% to about 2%. Oral vehicles include snch normally
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employed excipients as, for example, pharmaceutical grades of manmitol, lactose, starch,

" magnesium, stearate, sodium saccharin cellulose, magnesium carbonate, end the like. These

oral vaccine compositions may be taken in the form of solutions, suspensions, tablets, pills,
capsules, sustained release formulations, or powders, and contain from about 10% to about
95% of the active ingredient, preferably about 25% to about 70%.

Inhmnsa]fomulnnonsmﬂnsuaﬂymdudevehldesﬂmtmﬂ:ucmemmm
the nesal mucosa nor significantly disturb ciliary fimction. Diluents such as watar, aqueous
sﬂineméthﬂknownsubmncescmbeanplﬁyedwiththemibjectinvmﬁm The nasal
formulations may 2lso contain preservatives such as, but not limited to, chlorobutanol and
benZzalkonium chloride. A surfactant may be present to enhance absarption of the subject
proteins by the nasal mucosa.

Controlled or sustained release formulitions are made by incorporating the protein
into cerriers or vehicles such as liposomes, nonresorbable impermesble polymers such as
othyleneviny] acetate copolymers and Hytrel® copolymers, swellable polymers such as
hydrogels, or resorbable polymers such as collagen and certain polyacids or polyesters such
as those used to make resorbable sutires. The Fe binding proteins can algo be delivered
using impleanted mini-pumps, well known in ths art.

Ihchbmdmgpmtemsofﬂ:emshntmvenﬂmmn!sobeaﬂmmtmedmacmm'
virus which expresses the same. Cumermseswhwhwﬂlﬁndusemthﬂ:emmnt
invention include but are not limited to the vaccinia and other pox viruses, adenovirus, and
herpes virus. By way of example, vaceinia vims recombinanis expressing the novel proteins
can be constructed as follows. 'I'hsDNAcnnc-:dingﬂmparﬁcuhrprotehisﬁminsmdinto
an eppropriate vector 8o that it is adjacent to a vaccinia promoter and flanking vaccinia DNA

' sequences, such as the sequence encoding thymidine kinase (TK). This vector is then used to

transfect cells which are simultaneously infected with vaccimia. Homologous recombination
serves to insert the vaccinia promoter plus fhe gene encoding the instant protein into the virel
gemiome. The resulting TK recomibinaut can be selected by cultiing the cells in the presence
of 5-bromodeoxyuridine and picking vizal plaques resistant thereto, '

An alternative routs of administration involves gene therapy or mucleic acid
immumization. Thus, mucleotide sequences {(and accompanying regulatory elements)
encoding the subject Fc binding proteins can be administered directly to a subject for in vive
translation thereof. Alternatively, gene transfer-can be accomplished by trausfecting the
subject's cells or tissues ex vivo and reintroducing the transformed material intp the host.
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DNA can be directly introduced into the host organism, i.e., by injection (see International

" Publication No. WO/90/11092; and Wolff et al. (1990) Science 247:1465-1468). Liposome-

mediated gene transfer can also be accomplished using known methods. See, e.g., Hazinski
et al. (1991) Am. J. Respir. Cell Mol. Biol. 4:206-209; Brigham et al. (1989) Am. J. Med. Sci.
298:278-281; Canomico et al (1991) Clin. Res. 39:219A; and Nabel et al. (1990) Science -
249:1285-1288. Targeting agents, such as antibodies directed against surface antigens
expressed on specific cell types, can be covalently conjugated to the liposomal surface so
that the mucleic acid can be delivered to specific tissues and cells susceptible to infection.

Deposits of Straing Useful i Practicing the Invention

A deposit of biologically pure cultures of the following strains was made with the
American Type Culture Collection, 10801 University Boulevard, Manassas. The accession
mumber indicated was assign=d after successful viability testing, and the requisite foes were
paid. mede under the provisions of the Budapest Treaty on the International Recognition of
the Deposit of Microorgmisms for the Purpose of Patent Procedure and the Regnlations
therennder (Budapest Treaty). This assures maintenance of viable cultures for a period of

- thirty (30) years from the date of deposit. The organisms will be made available by the

ATCC under the terms of the Budapest Treaty, which assnres permanent and unrestricted
availebility of the progeny to one determined by the U.S. Commissioner of Patents and
Trademarks to be entitled thereto according to 35 U.S.C. §122 snd the Commmissioner's rules

" pursuant thereto (including 37 CF.R. §1.12 with particular reference to 886 OG 638). Upon

the gmnting of a patent, all restrictions on the availability to the public of the deposited
cultures wiil be irrevocably removed.

These deposits are provided merely as convenience to those of kill in the art, and are
not an admission that a deposit is required under 35 U.S.C, §112. The micleic acid '
sequences ﬁﬁwemuwﬂuﬁemﬁoaﬁdsm of the molecules encoded
thereby, are incorporated herein by reference and are controlling in the event of any conflict
with the description herein.
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Bacterial Plasmid Gene Deposit Date ATCC No.
Strain .
DH5¢ pAAS505Mig S. dysgalactise ~ May 31,2000 PTA-1977
mig gene :
EXPERIVMENTAL

Below are examples of specific embodiments for carrying out the present invention.
The examples are offered for illustrative purposes only, and are not intended to limit the
scope of the present invention in any way.

Efforts have been made to ensure accuracy with respect to mumbers used (e.g.,
amounts, temperatures, efc.), but same experimental error and deviation should, of course, be
allowed for.

Unless indicated otherwise, parts are parts by weight, molecular weight is weight
average molecular weight, tempersture is in degrees Centigrade, and pressure is at or near
atmospheric. ) .

Materials and Methods
Enzymes were purchased from commmercial sources, and used according to the
meanufacturers' directions. ) _
In the isolation of DNA fragments, except where noted, all DNA memnipulations were
done eccording to standard procedures. Sce, Sambrook et al., supra. Restriction enzymes,
T, DNA ligase, E. coli, DNA polymerase 1, Klenow fragment, and other biological reagents
can be purchased from commmercial suppliers and used according to the mamufacturers’

- directions. Double stranded DNA fragments were separated on agarose gels.
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No. 43078) was obtained from the American Type Culture Collection (10801 University
Boulevard, Manassas, VA 20110-2209), and was used as 2 source of DNA. The organism
was routinely grown on TSA sheep blood agar plates (PML Microbiologicals, Missisgauga,
Ontario) at 37° C for 18 hours, or in Todd-Hewitt broth (Oxoid Ltd., Hampshire, England)
supplemented with 0.3% yeast extract (Sigma, St. Louis, Missouri) (THB-YE) at 37° C, 5%
Co,.

Chromosomal DNA was prepared from 5. dysgalactize grown in 100 ml of THB-YB
supplemented with 20 mM glycine for approximately 6 hours, until an Ag, of 0.8 to 1.0 was
reached. Cells were harvested and re-suspended in 50 mM EDTA, 50 mM Tris-HC], 0.5%
TWEEN-20 (Sigma, St. Louis, MO) and supplemented with RNase A (200 mg/ml),
proteinase K (20 mg/ml), lysozyme (100 mg/ml) and mmtanolysin (100 mg/ml). (Sigma, St.
Louis, Missouri). Following bacterial lysis for 30 mimztes at 37° C with vigorous shaking,

. guanidine hydrochloride and TWEEN-20, pH 5.5,-were mixed with the lysats to give a final

concentration of 0.8 M amd 5%, respectively. This mixture was incubated at 50° C for 30
minntes. The chromosomal DNA was then purified using a Qiagen genomic-tip 100g
(Qiagen, Germany) and precipitpted using 0.7 volumes of isopropanol. The resulting pellet
wasmshedh?ﬂ%ethmlandre—suspmdndhO.SmlIOmMTds-HCLpHS.B.

B.  Amplification apd Cloning of the . dysgalactize Mig Gen

- The Mig gene was amplified by PCR (See Mullis et &l., U.S. Patent No. 4,683,195;
Maultis, U.S. Patent No. 4,683,202; ) using the forward primer migI (SEQ ID NO:1, shown in
Table 1 ) and the roverse primer migZr (SEQ ID NO:2, shown in Table 1). In the sequences
depicted in Table 1, undertining denotes nuclectides added to the original sequence, and
bolding indicates the location of restriction endonnclease recognition sites.
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TABLE 1
Tabulation of Sequences
SEQUENCE | SEQUENCE
ID NO: NAME NUCLEOTIDE/AMINO ACID SEQUENCE
1 Primer migl 5- G CGG CCA TGGTAGAAA ATA CTA TAA CTG-3'
2 Primer migIR 5-ACG CCC GGG TTA GTC TICTIT ACG TTT-3
3 Streptococcus
dysgalactiae
strain SDG8
mig gens (tc0 Figars 1)
sce
4 Streptococcus i
dysgalactias
strain SDG8
Mig protein
5 Primer mig-3 §'- GTT GGC CTA GAT ATC ACA GAA TTA CAA -Y
B Primer mig—4 5'- AAA GCA CCC GGG CCA GCCATT ACT G-
i Primer mig-6 5- AGG TGCTIC CCATGG AACTGCCIG AACT -3
8 Primer mig-7 5'- GOGC GAG AGT CTA GAA ACT AAA GCG AAAAAC-Y
9 Primer mig-8 5- GCA ATCACC AGG ATC CTC AGT AAC CAT TTC -3'
10 Primer nrig-9 5'- CAG GCA GTT CAT ATG GAA GCA CCT ACA GT-3'
11 Primer mig-10 | 5- TCC CGG AGT AGC ATT GTC AGT C-2'
12 Primer mig-11 5- GCA GCG GTC CAT ATG CCT GTT GGC CTA GAT -3
13 Primer mig-12 | 5- GCC TGA ACT GGA TCC CTC AACTGA TCT G -3'
14 Primer mig-13 | 5- TTC CGT TGG ATC CTG CAA CTC CAA TTG -3'
15 Primer mrig-14 | 5- TAA GTC AAA AGC TTT GAC AAT TAG TCTT-¥
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PCR was carried out using Vent DNA polymarase (New England Biolabs,
Mississaugs, Ontario, Canada). 0.7pg of S. dysgalactiae genomic DNA, 1 uM each of the
migl (SEQ ID NO:1) miglr (SEQ ID NO:2) primers (see above), 200 uM each of dATP,
dCTP, dGTP and dTTP, 3mM MgS0,, 1X ThermoPol PCR buffer (New England Biolabs),
and 2 imits of Vent DNA Polymerase were combined. The reaction mix was then incubated
for 3 cycles of 1 mimite at 94°C, 3 mimutes at 50°C, and 1 minute, 10 seconds at 72°C,
followed by 27 cycles of 15 seconds at 95°C, 30 seconds at 55°C, 1 mimute at 72°C,
followed by a single cycle.of 5 minutes at 72°C.

The mig PCR product obtained above and the expreasion vector pAAS05 (VIDO,
Saskatoon, Saskatchewan, Canada) were digested with the restriction enzymes Ncol and
Smal (Amersham Phanmacia, Quebec, Canada) according to the mannfacturer’s instructions,
and the mig sequence was ligeted into the same sites of the vector.

This construct was uséd to transform E. coli DHS5 a (Life Technologies,
Guithersburg, MD). The transformed E. coli DHS & cells bearing the pAA505-mig vector
construct were degignated E. coli DHSa pAASOSMig.

The nucleotide sequence in both orientations of the mig gene was dstermined on an
ABI 373 DNA sutomatic sequencer (Applied Biosystems) at the Plant Biotechnology
Institute (PBL, Saskatoon, Saskatchewsn, Canada) by using the multiple primers shown in
Table 1 (Primers mig-2 through mig-14). ' B

Figures 1A-1D depict the mucleotide coding sequence and the amino acid sequence,
respectively for the S. dysgalactiae Mig protein (SEQ ID NO:3 and SEQ ID NO:4,
respectively).

These sequences were then compared against known sequences via BLAST analysis.
The search parameters used to analyze the mucleic acid sequence were as follows: Database:
nt; Number of letters in database: 1,961,177,913; Number of sequences in database:614,801;
Matrix: blastn matrix:1-3; Gap Penalties: Existence: 5, Extension:2. The results obtained
showed that the S. dysgalactiae SD8 mig gene depicted in Figures 1A-1D is homologous to
several known nucleotide sequences, e.g., there is 98% homology with the mig gene for S.
dysgalactiae SC1 (Emb Accession No. Z29566.1 SDMIGSUP).
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The search parameters used to analyze the amino acid sequence were as follows:
Database; nr; Number of letiers in database: 157,988,256; Number of Sequences in datsbase:
503,479; Matrix: BLOSUM62; Gap Penalties: Existence:11, Extension: 1. The results
obtained showed that the S. dysgalactiae SD8 mig amino acid sequence depicted in Figures
1A-1D is up to 89% homologous to several known amino acid sequences.

E. coli coniamm,gtheoonstmctprepuedenmple 1B, supra, was grown in LB
broth contaiming 100 pg/ml empicillin to an Ag, of approximately 0.5. Expression of the
Mig protein was then induced by the addition of 1 mM isopropyl-p,D-thiogalactoside (IPTG)
(Sigma, St Lonis, MO). Following three hours incubation at 37°C, cells were harvested,
washed in column buffer (50mM sodium phosphate pH 8.0, 0.2 M NaCl) and Iysed by
Approximately 40% of the recombinant protein was in the soluble fraction of the cell
somicate with a yield of approximately 50 mg of the recombinant protein per litre of culture
volume, 2s determined using a DC Protein Assay kit (BioRad Laboratories, Mississanga,
Ontario, Canada) with bovine serum albumin (Pierce, Rockford, Illinois) as & standard.

The recombinant Mig protein was purified by affinity chromstography using en

agarose-IgG matrix, based upon the protein's ability to bind the Fc portion of the 1gG

‘molecule. The cell lyzate was cleared by centrifugation and the soluble fraction was applied
to a BLIgG agarose colurmm (Sigma, St. Louis, Missouri). The cohmn was washed with 10
column volumes of column buffer (50 mM sodium phosphate pH 8.0, 0.3 M NaCl), and the
protein ehited with column buffer plus 0.1 M glycine, pH 2.5, yielding 2 homogeneous
protein fraction with a Mig concentration of approximately 10-15 mg/m]l. The eluate was

dialyzed against 2,000 vohumes of PBSA and stored at -20°C,
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Vaccines were formulated to contain 50 mg/ml of affinity purified recombinant Mig -
or GapC in the oil-based adjuvant VSA3 (VIDO, Saskatoon, Saskatchewan, Canada). VSA3
is a combination of Emulsigen Plus™ (MVP Laboratories, Ralston, Nebraska) and
Dimethyldioctadecyl ammonium bromide (Kodak, Rochester, New York)..

24 non-lactating Holsteins with no history of S. dysgalactiae infection were obtainsd
from various farms in Saskatchewsn, Canada. One week prior to vaccination, 211 animals
were treated with Cepha-dry™ ( 300 mg per quarter; Ayerst Laboratories, Montreal,
Canads), in arder to clear any infiction of the udders prior to the vaccination step.

Threegroupsofeigh!mhnﬂsyrueimmmizedsuhw@aouslywiﬂatwodomof
vaccines containing Mig, GapC (s plasmin binding protein isolated from streptococcus
bacteria that was evaluated simultaneously), or a placebo with a three-week interval between
immumizations. Two weeks following the second immunization, animals were exposed to
650 colony forming units of S. dysgalactiae delivered into three quarters with an udder
infusion carmula. The fourth quarter on each animal served as an un-infective control. -

All animals were examined daily for clinical signs of disease sud semples from all
ndder quarters were collected on each day. Samples were observed for consistency and
somatic cell counts as well as bacterial numbers were determined.

EXAMPLR 3
. m&m i i

Bacteria were enumerated by spreading serial dihtions (10° to 10™*) directly onto TSA
sheep blood agar plates followed by ovemight incubation at 37°C, 5% CO,. Colonization is
dehduﬁOOcﬁ#ﬂdﬁeMmgemmovm

To confirm that the bacteria recovered from milk secretions were S. dysgalactiae,
selected colonies recovered from each animal were tested using an API strep-20 test’
(bioMerieux SA, Hezeslwood, Missouri) according to the mamfacturer’s instructions. This
test is a standerdized method which combines 20 biochemical assays for enzymatic activity
end suger fermentation, the results of which yield an anatytical profile. The profile permits

" identification of the particular streptococcal species present by either referring to an

snalytical profile index or using identification software.

Following challenge with S. dysgalactiae, animals from all groups were shown to be
colonized by S. dysgalactiae (Figure 4). The Mig-immunized animals showed a reduction in
the number of infected quarters on days three and four post-challenge.
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lymphocytes, neutrophils, mdmongcyteu). Somatic cell counts were measured in a Coulter -
counter using standard techniques, as recommended by Agriculture and Agri-Food Canada
Pamphlet IDF50B (1985) Milk and Milk products—Methods of Sampling. Sumples were
always read within 48 hours of collection and fixation. '

The number of samatic cells presext in the gland was determined at days 1 throngh 7
post-challenge. Numbers from the unchallenged quarter remained constant throughout the
trial, while on day 1, the Mig-immunized group was lower than the placebo-immumized

i

" group (Figure 5). The individual data from day 1 is shown in Figure 6.

i-tttttttttttttt-‘t#tttttt

Thus, the cloning, expression and characterization of the S. dysgalactiae Mig protein
are disclosed, as are methods of uging the same.

Although preferred embodiments of the subject invention have been described in

some detail, it is understood that obvious variations can be made without departing from the

spirit and the scope of the invention as defined by the appended claims.
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CLAIMS

lﬂ I. ]. !.:

1. A vaccine composition comprising a phanmacentically acceptable vehicle and an
Fe receptor protein.

2. The vaccine camposition of claim 1, wherein said Fe receptor protein is sclected
from the group consisting of:
(a) a Streptococcus dysgalactiae Mig protein comprising the amino acid sequence
shown at smino acid positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4);
" (b) an Fc receptor protein having at least about 70% sequence identity to (a); and
(c) immunogenic fragments of (a) and (b), said fragments comprising at least about 5

3. ﬁemdmcomp;hsiﬁmofdai;:nz.whsﬁdhﬁgprotdnconﬁnisesﬂm
amino acid sequence of the Streptococcus dysgalactiae Mig protein depicted at amino acid
positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4) or an immmnogenic fragment

. thereof, ssid fragment comprising at least about 5 awmino acids.

4, The vaccime composition of clamm 3, wherein said Mig protein comprises the
amino acid sequence of the Streptococcus dysgalactiae Mig protein depicted at emino acid
positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4).

5. The vaccine composition of claim 1, further comprising an adjuvant.
6. Amethodofpfoduﬁngavancineoo@osiﬁonmm;nisingthesﬁepgpf
(a)proﬁdinngcrwepﬁ:rpmt:hiorminnnmogaﬁcﬁagmmtﬂ:ﬂeoﬂsaid

fragment comprising at least about 5 amino acids, and
(b) combining seid protein with a pharmaceutically acceptable vehicle.
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7. Uleéchrewpbrpmtsinﬁ:rthemmﬁmofwaocinecmnpodﬁonuseﬁﬂ

" for treating or preventing a bacterial infection in a vertebrate subject.

8. The use according to claim 7, whmthchmepmrprotmnmselectedﬁ'omﬂ:e "

group consisting of:

(a) a Streptococcus dysgalactiae Mig protein comprising the amino acid sequence
ghown et amino acid positions 1 to 669, mclusive, of Figures 1A-1D (SEQ ID NO:4);

(b) an Fc receptor protein having at least about 70% sequence identity to (a); and

(c) immunogenic fragments of(a)md(b),m:lﬁagmmlscompnmgatleastabouts
amino acids.

9. The use according to claim 8, wherein seid Mig protein comprises the amino acid
ssquence of the Streprocoecus dysgalactiae Mig protein depicted at amino acid positions 1 to
669, inclusive, of Figures 1A~1D (SEQ ID NO:4) or an immunogenic fragment thereof, said
fragment comprising at least about 5 amino acids.

10. The use accordirig to claim 9, wherein said Mig protein comprises the axmino acid
sequence of the Streptococcus dysgalactiae Mig protein depicted at amino acid positions 1 to
669, inclusive, of Figures 1A-1D (SEQ ID NO:4).

11. The use according to any of clxims 7-10, wherein said bacterial infection is &
streptococcal infection.

[

12. Theusemwrdingmclﬁmll,whudnnidbacmdﬂﬁ:&cﬁonmmﬁﬁs.

13. Useofapolynncleotldecompnmgacodmgsequcnceforancheptor protein
mﬂwmmnfnﬁhneofamndlcammtuseﬁﬂformorprwmhngabmmﬂmfmhmma

vertebrate subject.

14. The use according to claim 13, whmthchrecepﬁ:rpmtmnnsalectedfrmn
the group consisting of:

{2) a Streptococcus dysgalactiae Mig protem comprising the amino acid sequence
shown at amino acid positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4);
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(b) an Fc receptor prote having at least about 70% sequmceidml:i-ty-to (2); and
(c) immunogenic fragments of () and (b), said fragments compriging at least about 5

15. The use according to claim 14, wherein said Mig protein comprises ths amino
acid sequence of the Streptococcus dysgalactiae Mig protein depicted at amino acid
positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4) or an immmogenic fragment
thereof, said fragment comprising at least sbout 5 amino acids.

16. Thzuseacemdingtoclnimls,whﬂeinsaidMgpmtdncompdsﬂwimino

" acid sequence of the Streptococcus dysgalactiae Mig protein depicted at amino acid

positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4).

17. The use according to any of claims 13-16, wherein said bacterial infection is a
streptococeal infection.

18. The use according fo claim 17, wherein said bacterial infection canses mastitis.

19. A method of treating or preventing a bacterial infection in 2 vertsbrate subject
comprising administering to said subject a therapeutically effective amount of a vaccine
composition according to any of claims 1-5.

20. The method of claim 19 wherein said bacterial infection is a streptococcal
- .ﬁ I- "

21. The method of claim 20 wherein said bacterial infection causes mastitis.

22. A method of treating or preventing a bacterial infection in a vertebrate subject
comprising administeting to said subject a therapeutically effective amount of a

polymiclectide, sﬁdpolym:dwﬁdecompﬁshgamdinénqumeforchmq)mr
Frotein.
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23. The method of claim 22, wherein the Fc receptor protein is selected from the

- group consisting of:

(8) a Streptococcus dysgalactiae Mig protein comprising the amino acid sequence
shown at amino acid positions 1 to 669, inclusive, of Figures 1A-1D (SEQ ID NO:4);

(b) an Fc receptor protein having at least about 70% sequence identity to (a); and

(c) immunogenic fragments of (g) and (b), said fragments comprising at least about 5

24, Ihemethodofdaimﬂ.whaeinsaidhﬁgproifeinoumpﬁsﬁthcnminomid
seqmceofﬁeS#eptommd)ngnhdheLﬁgpmﬁndbpicm&namimaddposiﬁms 1to
669, inclusive, of Figures 1A-1D (SEQ ID NO:4) oranim:m'xmgmic fragment thereof, said
fragment comprising at least about 5 amino acids.

25. The method of claim 24, wherein said Mig protein comprises the amino acid
sequence of the Streptococcus dysgalactine Mig protein depicted at amino acid positions 1 to
669, inclusive, of Figures 1A-1D (SEQID NO:4). ]

- 26. The method of anty of claims 22-25, wherein said bacterial infection is 2

27. Themﬂthodofulaimzﬁ,wh_uainsaidbactmialinfecﬁmcmsesmsﬁﬁs.
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atg gaa aaa
Met Glu Lys

gga tta geg
Gly Leu Ala

aat act ata
Asp Thr Ile
35

cet gtt ggc
Pro Vval Gly
50

aat gat tta
Asn Asp Leu
65

gca gac tca
Ala Asp Ser

gtg ttg gaa
VYal Leu Glu

gtt gaa ttg
Val Glu Leu
115

att gga gta
Ile Gly Val
130

tat gat get
Tyr Asp Als
145

gaa tca att
Glu Ser Ile

tta gaa tca
Leu Glu Ser

aat ctt gca
Asn Leu Ala
195

gas
Glu

tect
Ser
20

act

cta
Leu

gtt
val

atg
Met

tca
Sear
100

gta
Val

Glu

got

cag
Gln

gta
Val

gtt
Val

gat
Asp

gecg
Ala

aac
Asn

cca
Pro

aat
Asm

1/9

asa gta aaa tac ttt
Lys Val Lys Tyr Phe
10

tca got gog ttt tta
Sér Ala Ale Phe Leu
25

tet gca gas act ata
Ser Ala Glu Thr Ile
40

act aca gaa tta caz
Thr Thr Glu Leu Gln
1]

act gac aat gct act
Thr Asp Asa Ala Thr
70

gca tta tat cgt tta
Ala Leu Tyr Arg Leu
80

gac tat aga aaa tat

Asp Tyr Axg Lys Tyr
105

aat tta aag aat act
Asn Leu Lys Aen Thr
120

gta gta ttt gat act
Vel Val Phe Asp Thr
- 135

gaa att gtt aat aat

Qlu Yle Val Asn Asn
ang tta att
Leu Tyr Lys Leu Ile
170

agt aag

Lys

tta

PCT/CA01/00837

cgt aaa tca gct ttt

Leu Arg Lys Sexr Ala Phe

gtt
val

cct
Pxo

ceg
Pro
75

cta
Leu

gat
ASp

acy
Thr

act
Thr

ant
Asn

15

tcg gga gcoa cta gaa
Ser Gly Ala- Leu Glu
30

gca gocg gte att gta
Ala Ala Val Ile Val

45 .

tgg tat gac att gca
Txrp Tyr Asp Ile Ala’
60

gga ggc gta ttt aca
Gly Gly val Phe Thr
80

aat ‘'gat gca tac gat
Asn Asp Ala Tyr Asp
95

tct caa gat agg att
Ser QGln Asp Arg Ile
110

cag tct ctt tta cca
Gln Ser Leu Leu Pro
125

cgc ttg sat ace tgg
Axg Ieu Asn Thr Trp
140

caa gat asaa gtc aac
Gln Asp Lys Val Asn
190

gca gtt caa cta gaa

gca
Leu Arg Asp Ala Val Gln Ala Val dln Leu Glu
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—e—unchallienged quarters
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—4—Mig

Time (day post challenge)

FIG. 5

SUBSTITUTE SHEET (RULE 26)

£



4

P 18

WO 01/96380

gca cct aca gtg att gac ges cct gaa
Alas Pro Thr Val Ile Asp Ala Pro Qlu

210

215

tac aaf ctt gtt gtt aaa ggt aac act
Tyr Lys leu Val Val Lys Gly Asn Thr

230

aaa gce atc gat act gea act gocg gaa
Lwys Ala Ile Asp Thr Ala Thr Ala Glu

aca gct aac aat
Thr Ala Asn Asn
260

ace ttt aca gtt
Thr FPhe Thr Val
275

act cca gee ttg
Thr Pro Ala Leu
290

tca ggc guaa aca
Ber GQly Glu Thr
30S

gaa ttc aaa caa
Glu Phe Lys Gln

tat gac tat gea

Tyr Asp Tyr Ala
340

att gac gca cct
Ile Asp Ala Pro
ass

gtt aam ggt asc
Val Lys Gly Asn
.370

gct gea act goa
Ala Ala Thr Ala

gtt gac ggt gaa

245

gtt gac ggt gag

tay

Val Asp Gly Glu Trp

act gaa aaa cca
Thr Glu Lys Pro
280

act act tac, aaa
Thr Thy Tyxr Lys
295

act act asa gct
Thr Thx Lys Ala
CpE)

tac geca aca got
Tyzr Ala Thr Als
aas

act aaa ace ttt
Thr Lys Thr _Phs

gaa cta act cca
Glu Leu Thr Pro
3640

act ttc tea gge
Thr Phe Sexr Gly
375

gaA aaa gaa tte

465
gca
Ala

ctt
Leu

atce
Ile

aac
Asn

348

goe
Ala

gaa
alu

2/9

cta

tte
Phe

Iwye
250

tct
Ser

gtg
Val

att
Ile

gat
Asp

ast
Asn
330

gtt
val

ttg
Leu

aca
Thr

Glu Lys Glu Phe Ly:x Qln

act

tce
Ser
a3s

gaa
Qlu

tat

akte
Ile

gtt
Vval

gct
Ala
315

gtt
val

act

get ttg
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acc act

Pro Ala Leu Thr Thr

gga gaa acsa

aly

tte
Phe

gac
Asp

gac

Glu Thr

aaa caa
Lys Gln

gat gca
Asp Ala
270

gca ctt

Asp Ala Leu

Lys
300

gca

ggt aac
Gly Asn

act gca

Ala Thr Ala

gac
Asp

gaa
Glu

act

ggt gag
Gly Glu

ass cca
Lys Pro
aso

tac asa

Thr Tyr lys

act

3so

tgg tct tat gac gat gcoca act asa
vnupelyalumsgrmnspmnamws

405

419

FIG. 1B
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act act
Thr Thr
240

tac gca

Tyr Ala
255 -

act asa

Thr Lys

gaa cra
Glu Leu

act tte
Thr Phe

gan saa
Glu Lys
320

tgg tct
Trp Ser
33s

gea gtg
Ala Val

ctt att
Ieu Jle

atc gat
Ile Agp

400

gtt

X1

672

720

168

816

864

912

260

1008

1056

1104 -

1152

1200

1248
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ang aaa gaa gaa gct aag aaa gcot gca act ctt cct aca aqt ggt gaa 1920

Lys Lys Glu Glu Ala Lys Lys Ala Ala Thr Leu Pro Thr Thr Gly Glu
625 630 635 640

gga agc aac cca Lttt ttc aca gct get gog ctt goa gta atg get ggt 1868
Gly Ser Asn Pro Phe Phe Thr Ala Ala Ala Leu Ala Val Met Ala Gly
545 €50 €55
gcg ggt got ttg gca gtec got tca ama cgt aaa gaa gac taa 2010
Ala Gly Ala Leu Ala Val Ala Ser Lys Arg Lys Glu Asp
660 665 670

FIG. 1D
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SEQUENCE LISTING q /

<110> University of Saskatchewan
Potter, Andrew A.
Bolton, Alexandra J.
Song, Xin Ming

<120> IMNUNIZATION OF DATRY CATTLE WITH MIG PROTEIN

<130> 08-891B815W0

<140>
<l4l>

<160> 15
<170> PatentIn Ver. 2.0

<21d> 1 -

<21l1l> 28

<212> DNRA

<213> Artificial Sequence

<320> . )
<223> Description of Arxtificial Sequence: primer migl -

<400> 1
geggccatgg tagaaaatac tataactg 28

<210> 2

<211> 27

<212> DMA

<213> Artificlal Beguence

<220>
<223> Description of Artificiaml Saquence: primexr wmiglR

<400> 2 .
acgceegggt tagtottctt tacgttt 27

<210> 3 L

<211> 2010

<212> DNA

<213> Btreptococcus dysgalactiae

<220>
<221> CDS
«222> (1)..(2010)

<400> 3 .
atg gaa aan gaa aaa asa gta aaa tac ttt tta cgt ama tca gct ttt 48

Met Glu Lys Glu Lys Lys Val Lys Tyr Phe Leu Arg Lys Ser Ala Fhe
1 5 . .10 15

1/9
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tta geg

Gly Leu Ala

aat
Asn

cct
Pro
aat

€5
gca

Ala

gtg
Val

gtt
Val

att
Ile

tat
Tyx

T 1458
gan
Glu

tta

ast

gca
. Ala

tac

Tyx
225

act ata
Thr Ile
35

gtt ggo
val GQly
50

gat tta
Asp Leu

gac tca
Asp’ Ser

ttg gaa
Leu Glu

gaa ttg
Glu Leu
115

gga gta
Gly val
130

gat gct
Asp Ala

tca att
Ser Ile

gaz tca
Glu Ser

ctt gea
Leu Ala
1585

cct aca
Pro Thr
210

asa ctt
Lys Leu

tct gta
Ser Vval
20

act gtt
Thr Val

cta gat
Leu Asp

gtt gecg
Val Ala

atg aag
Met Lys
85

tca aaa

Ber Lys
100

gta aac

gct aat
Ala Asn

cag tcg
Gln Ser

teca
Ber

tect
Ser

act

act
Thr
70

gca
Ala

gac
Asp

aat

165

aaa gat

Lys Asp
180

gat cag
Asp Gln

gty att
Val Ile

gtt gtt
Val Val

ttg
Len

gct
Ala

gca
Ala
aca

55
gac
Asp

tta
Leu

aga
Ary

gcg ttt
Ala Phe

25

gaa act
Glu Thr
40

gaa tta
dlu Leu

aat get
Asn Ala

tat egt
Tyr Arg

aga ama

Arg Lya
105

aag

Lys Asn

£ttt gat
Pha Asp

gtt aat

aag tta
Lys Leu

aag tat
Lys Tyr
ises

gat geca

AHp Ala
20

gac gca cct gaa cta act cca
Asp Ala Pro Glu Leu Thr Pro

aza ggt aac act tte
Lys Gly Asn Thr Phe

230

215

235
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Ber Gly Glu Thr Thr

240
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tta gtt tecg gga gca cta gaa 96
Leu Val Ser Gly Ala Leu Glu
[ * 30 .
ata cct geca geg gtc att gta 144
Ile Pro Ala Ala Val Ile Val
45
caa aaa tgg tat gac att gca 192
Gln Lys Trp Tyr Adp Ile Ala
60
m:.'t cog gga ggec gta ttt aca 240
Thr Pro Gly Gly Val Pha Thr
75 80
tta cta aat gat gca tac gat 288
Leu Leu Asn Asp Ala Tyxr Asp
20 95
tat gat tct caa gat- agg att = 336
Tyr Asp Ser Gln Asp Arxrg Ile
110
act acg cag tct ctt tta cca . 384 °
Thr Thr Glo Ber Leu L.eu Pro
125 )
act act cgc ttg aat acc tgg 432
Thr Thr Arg Leu Asn Thr Trp
140
aat tca gat gct tat aca gea 480
Asn Ber Asp Ala Tyr Thr Ale
155 i60
att aat gat gca tac gat gtg 528
Ile Asn Asp Ala Tyr Asp Val
170 175
gat tct caa gat aaa gtc amc 576
Agp Ser Gln Asp Lys Val Asn
190
gtt cag gea gtt cam cta gaa 624
Val Gln Ala Val @ln Leu Glu
208 :
get ttg act act 672
Ala Leu Thr Thr
220
tca gga gaa aca act act 720

1
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aaa
Lya

aca
_ Thr

acc
' Thr

act
Thr

tea
Ser
305

gaa
Glu

tat
Tyx

att
Ile

gtt
val

gct
Ala
385

gtt

act

act

act
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gcc atce
Ala Ile

gat
Asp

gct aat

Ala

aac
Asn

280
ttt
Phe

aca
Thr Val
275

cca
Pro
290

gco
Ala

ggc gaa
Gly Glu

ttc aaa
Phe Lys

caa
Gln

gac tat geca

Asp Tyr Ala
340

cct
Pro

gac gca
Asp Ala
355

aaa ggt aac
Lys Gly Asn
370

gea act
Ala Thr

gca
Ala

gac ggt gaa
Asp Gly Glu

gaa aaa cca

@lu Lys
420

act tac aaa
Thr Tyr Lys
435

act aaa gca
Thr Lys Ala
450

act
Thr

‘245

gtt

act

act

act

tac
325

act

gaa
Glu

act

gaa
Glu
tgg
405
goa

Ala

ctt

gta gac gca gan act gca gnA aaa
Val Asp Ala Giu Thr Ala Glu Lys

gca act gcg gaa aaa gaa ttc aaa caa

Ala Thr Ala

gac ggt gag
Asp Gly Glu

gaa aaa cca
Glu Lys Pro
280

act tac aaa

Thr Tyr Lys
295

act
Thr
310

aaa get
Lys Ala

aca gct
Thr Ala

gca
Ala
ttt
Phe

Lys Thr

cta
Leu

ceca
Pro
360

act
Thi

ttec tea
Ser

375

ggc
aly

ana tte

Lys
390

gaa
Glu

tect
Ser

gtg
val

att

440

455

Glu Lys
250

tgg tot

Trp Ser
265

gca gtg
Ala Val

ctt
Leu

att
Ile

atc gat
Ile Asp

aat
ABD
330

aac
Asn

aca gtt
Val

345

gcec
Ala

ttg
Len

aca
Thr

gaa
alu

Phe Lys Gln Tyz Als

tat gac gat gca act aaa
Tyx- Asp Asp Ala Thr Lys

- 410

att gac gca cct gaa cta
Ile Asp Ala Pro Glu Leu

gtt aaa ggt aac act ttc
Ile Val Lys Gly Asn Thr Phe

Glu Phe Lys

tat gac gat
Tyr Asp Asp

att gac gca
Ile Asp Ala
285

ggt
Gly

gtt asma

Val Lys
300

act
Thr

gct gea
Ala Ala
31s

gtt gac
Val Asp

ggt
Gly

act gaa

Thr Glu Lys

act act tac

Tyr
365

act ackt
Thr Thr
380

ara
Lys
tac gca
3as8s

act

teca
Ser
445

gecco
Ala
460

3/9

SUBSTITUTE SHEET (RULE 26)

Gln

goca
Ala
270

ctt
Leu

aac
Asn

gca
Ala
gag
Glu
cca
aso
aaa

Lys

get
Ala

gect
Rla

Lttt

cca
Pro
430

ggc
Gly

tte
Phe

PCT/CA01/00837
tac gca 768
Tyr Ala
255
act aaa 816
Thr Lys .
gaa cta 864
Glu Leu .
act tte 212
Thr Phe
gaz aaa 580
Glu Lys

320
tgg tet 1008
Txp Ser
335
gea gtg 1056
Ala val
ctt att 1104
Leu Ile )
atc gat 1152
Ile Asp
aac aat 1200
Asn Asn

400
aca gtt 1248
Thr Val
415
gce ttg 1296
Ala Leu
gaa aca 1344
Glu Thr
aaa caa 1392
Lys Gln

45
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tac gea

Ty* Ala
465

act aaa

gaa tta
. Glu Leu

aca ttg

. Glu Lys
O 530

tgg act
545

act gaa
Thr Glu

agt ate
Ser Ile

gac gct
Asp Ala

get aaa
Ala Lys
610

. aag aaa
) Lys Lys
625

gga agc
' . Gly Sexr

L
L, }

gecg ggt
‘ Ala Gly

<210> 4

aca
Thr

acc

Lys
515

gec
Ala

get aac aat gtt gac ggt gaa tgo tet tat
Gly Glu Trp Ser Tyr

Ala Asn

ttt aca

485

cca goa
Pro Ala
500

ggc gaa
Gly Glu

ttc aaa
Phe Lys

Asm
470

gtt
Val

Val Asp

act gaa
Thr Glu

act act
520
tac gct

Tyr Ala
535

tac gat gat gcg act aag
Tyr Aap Asp Ala

att
Ile

cet
Pro

Lys

cct ggt
Pro aGly
565

ctt gtt
Leu Val
580

585 -

Lys
Glu
Asn

gct
Ala

<211> 669
<212> PRT

cca gaa
Pro Glu

gaa gct
Glu Ala

cca ttt
Pro Phe
645

ttg geca
Leu Alm
660

550
gat
Asp

cog
Pro

gat

gct
Ala

Lys
630

tte
Phe

gte
v§1

Thr Lys

gca cca
Ala Pro

tta act
Leu Thr

act aag
Thr Lys
600

Lys Lys
615

aaa got
Lys Ala

aca gct
Thr Ala

get tea
Ala Ber

Lys Pro
450

tac mas

Tyr Lys
505

aaa gca
Lys Ala

dac gaa
Asn Glu

ace ttt
Thr Phe

act gia
Thr Glu
570

cct goa
Pro Ala
585

gca act
Ala Thr

gct geg
Ala Ala
&850

asn cgt

Lys Aryg
665

475

goca
Ala

etk

gtg att
Val Ile

gtt ate

lau Val Ile

gta
Val

aac
Asn

acg

gac gta
Asp Val
525

ggt gtt
Gly val
540

gta act

Thr Val Thr

555

gat

get
Ala
ctt
635

ctt

aaa
Lys
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gaa aag
Glu Lys

cca att

SUBSTITUTE SHEET (RULE 26)

gac
Asp

gac
Asp
aat
510

gaa
Glu

gat
Asp

Glu

cca

gct
Ala
590

Glu

ackt
Thx

PCT/CA01/00837
gat gca 1440
Asp Ala
480
gca cct 1488
Ala Pro
495
ggt aaa 1536
Gly Lysa
act geca 1584
Thr Ala
ggt gtt 1632
Gly Val
atg gtt 1680
Met Val
560
gaa gca 1728
Glu Ala
575
aaa gat 1776
Lys Asp
gaa gac 1824
Glu Asp
gaa gct 1872
Glu Ala
ggt gaa 1520
Gly @lu
640
get ggt 1968
Ala Gly
655
2010

<4
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% of Infected quaters
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7/9
Percentage of quaters infected with S. dysgal/actiae per group

10

o unvaccinated |
= Mig
O GapC

2 3 -4
* Time (day post challenge)
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<113> Streptococcus dysgalactiae

<400> 4
Mekt Glu
h

Gly leu
Asn Thr

* Pro Val

50

Asn Asp
65

Ala Asp

Val Leu
Val Glu

Ile Gly
130

Tyr Asp
145

@lu Ser
Leu Glu
Amn Leu

Ala Pro
210

Tyr Lys
225
Lys Ala

Thr Ala

Thr Phe

Lys Glu Lys Lys Val Lys Tyr
5 . .

Ala Ser Val Ser Ala Ala Pha
20 25

Ile Thr Val Ser Ala Glu Thr
a5 . £0

Gly Leu Asp Thr Thr Glu Leu
55
\
Leu Val Ala Thxr Asp Asn Ala
70

B8er Mat Lys Ala Leu Tyr Arg
85

Glu Ser Lys Asp Tyr Arg Lys
. 100 105

Leu Val Asn Asn Leu Lys Asn
115 120

Val Glu Pro Val Val Phe Asp
135

Ala Ala Asn Glu Ile Val Asn
150

Ile Gln Ser Lau Tyr Lys Leu
165

Ser Lys Asp Tyx Ber Lys Tyr
180 185

Ala Asp Gln Leu Arg Asp Ala
188 ) 200

Thr Val Ile Asp Ala Pro Glu
215

I;euvﬂvﬂlqslym'rh:
230 -

Ile-Asp Thr Ala Thr Ala Glu
245

Asn Asn Val Asp Gly Glu Trp
260 265

Thr Val Thr Glu Lys Pro Ala

275 ’ 280 _

PCT/CA01/00837

Phe Le&u Arg Lys Ser Ala Phe
1D 15

ILsau Val Ser Gly.Ala Leu Glu
30

Tle Pro Ala Ala Val Ile Val
- 45

Gln Lys Trp Tyr Asp Ile Ala
60 . -

Thr Pro Gly Gly Val Phe Thx
15 80

Leu Leu Asn Asp Ala Tyr Asp
S50 L

Tyr Asp Ser Gln Asp Arg Ile
110

Thr Thr Gln Ser Leu Leu Pro
125

Thr Thr Arg Leu Asn Thr Trp
140

Asn Ser Asp Ala Tyr Thr Ala
155 160

Ile Asn Asp Ala Tyr Asp Val
170 17s

Asp Sar Gln Asp Lys Val Asn
150

Vval @Gln hAla Val Glun Leu Glu
205

Leu Thr Pro Ala Leu Thr Thr
220

Phesq.rGlysluTh;Th:'rhr
235 ’ 240

Lys Glu Phe Lys Gln Tyr Ala
250 255

S8er Tyr Asp Asp Ala Thr Lys
270
1
val Ile Asp Ala Leu Glu Lesu
285

5/9 ° .

SUBSTITUTE SHEET (RULE 26)



WO 01/96380

Thr

Ser

305

Glu

Ile

Val

Ala

385

val

Pro Ala Leu Thr Thr Tyr
290 295

@Gly Glu Thr Thr Thr Lys
alio

Phe I.yu Gln Tyr Ala Thr

325

Asp Tyr Ala Thr Lys Thr
340

Asp Ala Pro Glu Leu Thr
355

Lys GQly Asn Thr Phe Ser
a1 a7s

Ala Thr Ala @lu Lys Glu
390

Asp Gly Glu Trp Ser Tyr
405

Glu Lys Pro Ala Val Ile
4320

Thr Tyr Lys Leu Ile Val

Thr Lys Ala Val Asp Ala
450 455

Tyr Ala Thr Ala Asn Asn Val

Glu

Thr

Glu

470

Lys Thr Phe Thr Val Thr
485

Leau Thr Pro Ala Leu Thr

500

I.euLy-aGinluThrThr
5185

Lys Ala FPha Lys Gln Tyr
530 . . 535

Lys

Ala

Ala

360

Gly

Asp

Asp

Lys
440

Glu

Glu

Thr
520

Ala

Trp. Thr Tyr Asp Asp Ala Thr Lys

545

550

Thr Glu Ile Pro Gly Asp Ala Pro

Ber Ile Pro Lsu Val Pro Leu Thr

PCT/CA01/00837

leu Ile Val Lys Gly Asn Thr Phe
oo

Ile Asp Ala Ala Thr Ala Glu Lys
318 320

Asn Asn Val Asp Gly Glu Trp Ber
330 335

Thr Val Thr GQlu Lys Pro Ala Val
345 350

Ala Leu Thr Thr Tyr Lys Leu Ile
365

Glu Thx Thr Thr Lys Ala Ile Asp
380

Lys Gln Tyr Ala Thr Ala Asn Asn
385 400

Asp Ala Thr Ly Thr Phe Thr Val
410 415

Ala Pro (Glu Leu Thr Pro Ala Leu
425 430

Gly Asn Thr Phe Ser Gly Glu Thr
445

Thr Ala Glu Lys Ala FPhe Lys Gln
460

Gly Glu Trp Ber Tyr Asp Asp Ala
475 480

Lys Pro Ala Val Ile Asp Ala Pro
490 495

Tyr Lys Leu Val Ile Asn Gly Lys
505 510

Lys Ala Val Asp Val Glu Thr Rla
525

Asn Glu Asn Gly Val Asp Gly Val
540 :

Thr Phe Thr.Val Thr Giu Met val
5588 560

Thr @lu Pro Glu Lys Pro Glu Ala
570 575

Pro Ala Thr Pro Ile Ala Ly® Asp
585 ' 590
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Asp Ala Lys Lys Asp Asp Thr Lys Lys Val Rsp Thr Lvs Lys Glu Asp
595 600 605

Ala Lys Lys Pro Glu Ala Lys Lys Pro Glu Ala Lya Lys- Glu Glu Ala
610 615 620

Lys Lys Glu Glu Ala Lys Lys Ala Ala Thr Leu Pro Thr Thr Gly Qlu
625 630 635 , 640

Gly Ser Asm Pro Phe Phe Thr Ala Ala Ala Leu Ala Val Mat Ala Gly
645 650 655

Ala Gly Ala Leu Ala Val Ala Ser Lys Arg Lys Glu Asp

660 . 665
<210> S
<2li> 27 p
<212> INA

<213> Artificlal Sequence

<220>
223> Description of Artificlal Begquance: primar mig-3

<400> 5
gttggectag atatcacaga attacaa i 27

<210» &

<2il>» 25

<212> DNA

<2131> Artificial Sequence

<220>
<223> Description of Artificial Bequence: primer mig-4

<400> 6
aaageaccog ggocagocat tactg ! 25

<210> 7

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer mig-6

<400> 7 ‘ .
aggtgettec catggaactg cctgaact 28

<210> 8

<211»> 30

<212> DNR

«213> Artificial Seguence -
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<220>
<223> Description of Artificial Sequencs: primer mig-7

<400> 8B
ggegagagte tagaaactan agcgaaaaac 30

<i11l0> 9

<211l> 30

<212> DNA

<213> Artificiml Seguence

<220> .
<223> Description of Artificial Sequence: primer mig-8

<400> 9
gcaatcacca ggatcctcag taaccattte . 3o

<210> 10

<d11>» 29

<dlda> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: primer mig-9

<400> 10
caggcaggtc atatggaage acctacagt as

<210> 11

<21i> 22

<2l2> DNA

<213> Artificial Sequence

<230> . .
<223> Description of Artificiel Sequence: primer mig-10

<400> 11 .
teceggagta geattgteag tc _ 22

<210> 12

<211> 30

<212> DHA

<213>» Artificial Seguence

<220> . .
<223> Degeription of Artificial Sequence: primer mig-l11

<400> 12
gcagoggtec atatgectgt tggcctagat 30

<210> 13 -
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<211l> 28
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: primar mig-12

<400> 13 : )
gocctgaactg gatccctcaa ctgatcty 1]

<210> 14
<211l> 27

<212> DNA

<213> Artificial Sequence

<220> !
<223> Description of Axtificial Sequence: primer mig-13

<400> 14 .
ttcegbtgga toctgeaact ccaattg . 27

. «210> 15
<21l> 28
<212> DNA
<213> Artificial Sequence

<220>
' <223> Description of Artificial Sequence: primer mig-14

<400> 15
taagtcaaaa gctttgacaa ttagtett ] 28
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act gaa aaa
Thr Glu Lys

act
Thr

act

tac

act
Thr

gaa
Glu

gaa
Glu

tog
Txp
545

act

act
Thr

act
450
gca

Ala

aaa
Lys

tta

Lys
530

act
Thr

Thr Glu

agt
Ser

gac gect

atec
Ile

Asp Ala

tac

Tyr
435

Lys

acc
Thr

aca
Thr

Lys
515

Ala

tac

att
Ile

cct
Pro

aag
Lys
595

cca
Pro
420

gca
Ala

gct
Ala

ttt
Phe

cca
Pro
500

gge
Gly

ttc

gca

gty

Ala Val

ctt
Leu

gta
val

aac
Asn

aca
Thr
485

gca
Ala

gaa
Glu

att
Ile

gac
Asp

aat
Asn
470

gtt
val

Fhe Im_eln

att
Ile

gtt
Val

gca
Ala
455

gtt
Val

act
Thr

aca
Thr

act
Thr

tac

Tyr
S35

gat gat gcg act
Tyr Asp Asp Ala Thr

cct ggt gat gea
Pro Gly Asp Ala

ctt gtt ecg tta
Leu Val Pro Leun

ama gac gat act
Lya Asp Asp Thr
_ 600
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gac
Asp

aaa
Lys
440
gaa
Glu

gac
Asp

gaa
Glu

acc
act
520
gct

Ala

act
Thx

aag
Lyn

gca cct
Ala Pro
425

ggt aac
Qly Asan

act gca
Thr Ala

ggt gaa
Gly Glu

A8a CCaA
Lys Pro
450

tac aaa

Tyx Lys
505

Lys Ala

asc gaa
Asn Glu

ace ttt
Thr Phe

act gaa
Thr Glu
570

cct goa
Pro Ala
585

aaa gtc

Lys Val

gct aaa aaa coa gaa gct aaa aaa cca gaa
Ala Lys Lys Pro Glu Ala Lys Lys Pro Glu Ala Lys Lys Glu

FIG. 1C
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615

qgaa
alu

act

gaa
Glu

tgg

475

gca
Ala

ctt
Leu

gta
val

aac
Asn
acg
558§
cea

Pro

act
Thy

gat

cta
Leu

tte
Phe

tect
Ser

gtg
val

gtt
Val

gac
Asp

Gly
540

val

gaa
Glu

act

Asp Thr

act

tca
Ser
445

gee
Ala

tat

att
Ile

ate
Ile

gta
val

525

gtt
val

act

cca
Pro
410

ggc
aly

ttc
Phe

gac
Asp

gac
Asp

aat
Asn
510

Glu

gat
Asp

gaa

Thr Glu

aag cca

Iys

att

gct

Ile Ala
- 590

aag aaa

Lys
605

Lys

gct aag asa gea

PCT/CA01/00837
gee ttg 1296
Ala Ieu
gaa aca 1344
Glu Thr
aad caa 13892
Lys Gln
gat gca 1440
Asp Ala

480
geca cct l488
Ala Pro
485
ggt ama 1536
Gly Lys
act gea 1584
Thr Ala
ggt gtt 1632
Gly Val
atg gtt 1680
Met Val

560
gaa gca 1728
Glu Ala
575
aaa gat 1776
Lye Asp
gn.' gac 1824
Glu Asp
gaa gct 1872

Glu Ala
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