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GapC protemns from those species 1n vaccine compositions to

prevent or treat bactenal infections in general, and mastitis 1n particular
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IMMUNIZATION OF DAIRY CATTLE WITH GapC PROTEIN AGAINST STREPTOCOCCUS
INFECTION TECHNICAL FIELD

The present 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 GapC plasmin-binding proteins from
Streptococcus dysgalactiae Streptococcus agalactiae Streptococcus
uberis ([STREPTOCOCCUS PARAUBERIS ] and Streptococcus [INIAE ] 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 asscciated with mastitis
are varioue species of the genus Streptococcus including
Btreptococcus aureus Streptococcus uberas (untypeable)
Streptococcus agalactie (Lancefield group B} Streptococcus
dysgalactiae (Lancefield group C) Streptococcus [ZOOEPIDEMICUS ]
and the Lancefield groups D G L and N streptococci Some of those
specles are contagions (e g 8 agalactiae) while others are
considered environmental pathogens (e g S dysgalactiae and §
uberis)

The environmental pathogen 8 [UBERIS] is responsible for about 20%
of all clanical cases of mastitis (Bramley A J and Dodd F H
(1984) J [DAIRYRES ] 51 481-512 Bramley A J {1987) Animal
Health Nutrition 42 12-16 Watte J L (1988) J Dairy Sci 71
1616- 1624) it is 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

DairyRes 51 481-512 Oliver 6 P (1988) Am J Vet Res 49
1789-1793)

Mastitis resulting from infection with 8 uberis is commonly
[SUBCLINICAL ] characterized by apparently normal milk with an
increase 1n somatic cell counts due to the influx of leulcocytea
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 3
uberis mastitis may also take the form of an acute climical
condition with obvious signs of disease such aa 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 §
UBERIS] mastitis see Bramley (1991) Mastitis physiology 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 Philadelphia Conventional
antibacterial control methods such as teat dipping and antibiotic
therapy are effective in the control of many types of contaglous
mastitis but the environmental organisms typically found in all
dairy barns are often resistant to such measures Vaccination is
therefore an attractive astrategy to prevent infections of the
mammary glands and has been shown to be beneficial in the case of
some contagious mastitis pathogens

The literature is limited regarding vaccination studies with 8
dysgalactiae and [§ ] uberie and variable results have been
observed In some cases 1mmunization has resulted in increased
sensitivity to the specific organism and in other cases
ptrain-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 (1588) Res
Vet Sc1 44 386-387) Iocal vaccination with killed B [UBRBRIS]
protects the bovine mammary gland against intramammary challenge
with the homologous strain (Finch et al (1994) Infect TImmun &2
3599-3603) Similarly subcutaneous 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)
[FEMSIMMUNOL MED !

Microbiol 8 109-118) Animals vaccinated in this way shed fewer
bacteria in their milk and many gquarters remain free of infection
Nonetheless vaccination with live or attenuated bacteria can poase



rieks to the recipient Further it is clear that conventional
killed vaccines are in general largely ineffective against 8
[UBERIS] and B agalactiae either due to lack of protective
antigens on in vitro-grown cells or masking of these antigens by
molecular mamicry

The current lack of existing mastitis vaccines against [§ ]
agalactie or the contaglous streptococcus strains is due at least in
part to a lack of knowledge regarding the virulence determinants 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

Sc1 49 B85-87 Marshall et al (1986) J Dairy Res 53 507- 514)
8 dysgalactiae 1s 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 responeible for
these phenotypes in pathogenesis is not known

Similarly the pathogenesis of 8 uberis infection is poorly
understood

Furthermore the influence of 8 [UBERIB] virulence factors on host
defense mechanisms and mammary gland physiology 185 not well defined
Known virulence factors associated with 8 [UBERIS] include a
hyaluronic acid capsule (Hill A W (19688) Res [VET 8CI ] 45
400-404) hyaluronidase [{SCHAUFUSS] et al (1989) [ZENTRALBL ]
Bakteriol Ser [A) 271 46-53) [R-LIKE] protein (Groschup M H
and Timoney J F (1993) Ree Vet 8Sci 54 124-126) and a
cohemolysin the CAMP factor aleo known as UBBERIS factor (Skalka

B and Smola J

[{(1981) ZENTRALBL BAKTERIOL SER Al 249 150-194) R-like protein
plasminogen activator and CAMP factor However very little is known
of their roles in pathogenicity

The use of virulence determinants from Btreptococcus as immunogenic
agents has been proposed For example the CAMP factor of (8

UBERIS] has been shown to protect vertebrate subjects from infection
by that organism (Jiang 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 c protein marker complex which
additionally comprises an a and (3 subunit (Boyle U S Patent No

5 721 339) Bubsets [OF SERCTYPE IA II ] and vartually all serotype
Ib cells of group B streptococci have been reported to express
components of the ¢ protein Use of they subunit as an immunogenic
agent against infections by Lancefield Group B Streptococcus
infection has been proposed However ite use to prevent or treat
bacterial infections in animals including mastitis in cattle bhas
not been studied

The group A streptococcal M protein 18 coneidered to be one of the
major virulence factore of this organism by virtue of its ability to
impede attack by human phagocytes (Lancefield R C (1962) J
Immunol B89 307-313) The bacteria persist in the infected tissue
until antibodies are produced against the M molecule Type-specific
antibodies to the M protein are able to reverse the antiphagocytic
effect of the molecule and allow efficient clearance of the invading
organism

M proteins are one of the key virulence factors [OF BTREPTQCOCCUS
PYOGENEE ] 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
their [SUPERANTIGENICITY] and their capacity to induce
host-crose~-reactive antibody responsea (Bipno A L (1991) [NEW
ENGL J MED ] 325 783-793 Froude et al (1989) [CUREZ] Top
[MICROBIOL IMMUNOL ] 145 5-16 Stollerman @& H (19%91) Clan
[IMMUNOL IMMUNOPATHOL ]

61 131-1412)

However obstacles exipt to using intact M proteins as vaccines The
protein @ cpsonic epitopes are extremely type-specific resulting in
narrow type-specific protection

Further pome M proteins appear to contain epitopes that cross react
with tissues of the immunized subject causing a harmful autoimmune
response (See e g Dale J L and Beached G H (1982) J Exp
Med 156 1165-1176 Dale J L and Beached @ H {1985) [J ]

[EXP ] Med 161 113-122 Baird R W Bronze M 8 Drabs W
Hill H R Veasey L G and Dale J L (1991) [J IMMUN ] 146
3132-3137 Bronze M S and Dale J L (1993) J Immun 151
2820-2828 Cunningham M W and Russell B M (1983) Infect



Immun
42 531-538)
[CHIMERIC] proteins containing three different fibronectin binding
domains [(FNBDS)] derived from fibronectin binding proteins [OF 8
DYSGALACTIAE] and [STAPHYLOCOCCUS AUREUS] have been expressed on the
surface [OF STAPH CARNOBUB] cells In the case of one of these
proteins intranasal immunizations with live recombinant [STAPH ]
[CARNOSUS) celles expressing the chimeric protein on their purface
resulted in an improved antibody response to a model immunogen
present within the chimeric esurface protein
A GapC plasmin binding protein from a strain of Group A
Streptococcus has previousely been identified and characterized and
its use in thrombolytic therapies has been described (Boyle et al
U 8 Patent No 5 237 050 Boyle et al U 8 Patent No
5 328 996)
However until now the protective capability of GapC has not been
studied nor have the GapC proteins [OF STREPTOCOCCUS DYSGALACTIAE
STREPTCCOCCUS AGALACTIAE ] SBtreptococcus uberis Streptococcus
parauberis or Streptococcus (INIAE] been isolated or characterized
SUMMARY OF THE INVENTION Accordingly the present invention provides
novel Streptococcus GapC proteins and vaccine compositions
comprising the same In one embodiment the invention i1s directed to
an isolated GapC protein selected from the group conmsisting [OF ]
(a) an 1solated Streptococcus dysgalactiae GapC protein comprising
the amino acid sequence shown at amino acld positions 1 to 336
inclusive of Figures [1A-1B] (S8EQ ID NO 4) (b) an isolated
Btreptococcus agalactiae GapC protein comprising the amino acid
sequence shown at amino acid positione 1 to 336 inclusive of
Flgures 2A-2B (SEQ ID NO 6) (c) an isolated Streptococcus uberis
GapC protein comprieing the amino acid sequence shown at amino acid
positions 1 to 336 inclusive of Figures 3A-3B [(5EQ ID] NO [a)
1 {(d) an isolated Streptococcus parauberis GapC protein comprising
the amino acld sequence ghown at amino acid positions 1 to 336
inclusive of Figures 4A-4B (SEQ ID NO 10) (e) an isclated
Streptococcus iniae GapC protein comprising the amino acid sequence
shown at amino acid positions 1 to 336 inclusive of Figures
[SA-5B] [(SEQ ID] WO 12) and [(F)] immunogenic fragments of (a)
(b) (c) (d) and (e) comprising at least about 5 amino acids
In another embodiment the invention is directed to isolated
polynuclectides comprising ¢oding sequences for the above-described
GapC proteins or complements thereof recombinant vectors
comprising the polynucleotides host cells comprising the
recombinant vectors and methods of recombinantly producing the GapC
proteins
In yet other embodiments the subject invention is directed to
vaccine compositions comprising a [PHARMACEUTICALLY] acceptable
vehicle and a CapC protein as described above methods of producing
the vaccine compositions as well as methods of treating or
preventing bacterial infections in a vertebrate subject comprising
administering to the subject a therapeutically effective amount of
the vaccine compositicn The bacterial infection i1s for example a
streptococcus infection and may cause mastitis The vaccine
compositions may further comprise an adjuvant
In other embodiments the invention is directed to antibodies
directed against the isolated GapC proteins The antibodies may be
polyclonal or monoclonal
In still further embedimente the invent:ion 28 directed to methods
of detecting Streptococcus antibodies in a biological sample
comprising {a) reacting the biological sample with an isolated GapC
protein under conditions which allow said Streptococcus antibodies
when present in the bioclogical sample to bind to the GapC protein
to form an antibody/antigen complex and (b) detecting the presence
or absence of the complex thereby detecting the presence or absence
of Btreptococcus antibodies in said sample
In another embodiment the invention is directed to a method of
detecting a GapC protein in a biclogical sample compriseing (a)
reacting the sample with antibodies directed against the GapC
protein under conditions which allow the antibodies to bind to the
GapC protein when present in the sample to form an
antibody/antigen complex and (b) detecting the presence or absence
of the complex thereby detecting the presence or absence of a GapC
protein in the sample
In another embodiment the invention is directed to an
[IMMUNODIAGNOSTIC] test kit for detecting Streptococcus infection
the test kit compriaing a GapC protein or antibodies directed
against a GapC protein and inetructione for conducting the



immunodiagnostic test
These and other embodiments of the subject invention will readily
occur to those of pkill in the art in view of the disclosure herein

BRIEF DESCRIPTION OF THE FIGURES Figures 1A-1B depict the isolated
nucleotide sequences and deduced amino acid sequences of the gapC
gene for 8 dysgalactiae (SEQ ID MO 3 and SEQ ID NO 4)
Figures 2A-2B depict the isolated nucleotide sequences and deduced
amino acid sequences of the [GAPC] gene for [S ] agalactie (S8EQ ID
NO [5] and SEQ ID NO 6)
FPigures 3A-3B depict the isolated nucleotide sequences and deduced
amno acid sequences of the [GAPC] gene for 8 uberis (SEQ ID NO 7
and SEQ ID NO [a) 1
Figures 4A-4B depict the isolated nucleotide sequences and deduced
amino acid seguences of the [GAPC] gene for 8 parauberis (8EQ ID NO
9 and SEQ ID NO 10)
Figures SA-5B depict the isolated nucleotide sequences and deduced
amino acid sequences of the [GAPC] gene for 8§ [INIAE] (SEQ ID NO
11 and SEQ ID NO 12)
Figures GA-6E shows a DNA alignment created by PileUp and displayed
by Pretty software (a component of the GCG Wisconsin Package
version 10 provided by the SegWeb sequence analysis package
version 1 1 of the Canadian [BIOINFORMATICS] Resource)
The figure depicts the isolated nucleotide sequences of the [GAPC]
genes from § dysgalactiae {DysGapC Check 9344) 8 agalactie
(AgalGapC Check 2895) (S ] (UBERIA] (UberGapC Check 5966) 8
[PARAUBERIS] (PUberGapC Check 9672) and 8§ [INIAE] (IniaeGapC
Check 990) The previously known sequences of 8§ equisimilis
{ (BEQGAPC ] Check 5841) [S ] [PYOGENES] (SpyGapC Check 4037) and
a bovine GAPDH protein [(BOVGAPC ] check 5059) are also included
The length and welght parameters were the same for all sequences
(1018 and 1 00 respectively) The parameters used in the DNA
sequence comparison were as follows Plurality--2 00 Threshold-1
[AVEWERIGHT--1 ] 00 [AVEMATCH--1 ] 00 AvMisMatch-- 0 00 Symbol
comparison [TABLE--PILEUPDNA ] cmp [COMPCHECLC--6876]
[{GAPWEIGHT--5] [GAPLENGTHWEIGHT- - L] PileUp MSF--1018 Type--N
[CHECK--3804 ] In the figure dashes represent identical
nuclectides dots represent gaps introduced by the software used to
generate the alignment chart and tildes represent reglons not
included in the overall alignment due to differences in the length
of the gene sequences
Figures 7A-7B shows an amino acid sequence alignment created by
PileUp and displayed by Pretty (as above) that depicts the deduced
amino acid sequences of the GapC proteins from 8 dysgalactiae
{DyaGapC Check [6731) S AGALACTIAE]l (AgalGapC Check 1229) 8
uberis (UberGapC Check 8229} 8 parauberis [{PUBERGAPC ] Check
[8889)] and 8 [INIAE] (Iniae@apC check [8785) ] The previously
known sequences of 8 equisimilie (S8eq@apC Check 8252) 8
[PYOGENES] (SpyGapC Check 6626) and a bovine GAPDH protein
[(BOVGAPC ] Check 8479) are also included 1In the figure dashes
repregsent identical amino acid reseidues dots represent gaps
introduced by the PileUp software and tildes represent regions not
included in the overall alignment due to differences in the length
of the gene sequences
Figure 8 shows Kyte-Doolittle hydropathy plots (averaged over a
window of 7) Emini surface probability plots [KARPLUS-SCHULZ]
chain flexibility plots [JAMESON-WOLF] antigenic index plots and
both Chou-Fasman and Garnier-Osguthorpe-Robson secondary structure
plots for the GapC protein isolated from 8 dysgalactiae
Figqure 9 shows [KYTE-DOOLITTLE] hydropathy plots (averaged over a
window of 7) Emini surface probabalaty plots [KARPLUS-BCHULZ)
chain flexibility plots Jameson-Weolf antigenic index plota and
both Chou-Fasman and Garnier-Csgquthorpe-Robson secondary structure
plots for the GapC protein isolated from [S ] agalactiae
Figure 10 shows Kyte-Doolittle hydropathy plots {averaged over a
window of 7) Emini surface probability plote [KARPLUS-SCHULZ]
chain flexibility plots Jameson-Wolf antigenic index plots and
both Chou-Fasman and Garnier-Osguthorpe-Robson secondary structure
plotns for the GapC protein isolated from (5 ] [UBERIS ]
Figure 11 shows Kyte-Doolittle hydropathy plots (averaged over a
window of 7) Eminil surface probability plots [KARPLUS-SCHULZ]
chain flexibility plots Jameson-Wolf antigenic index plots and
both Chou-Fasman and [GARNIER-OSGUTHORPE-ROBSON] secondary structure
plots for the GapC protein isoclated from 8 [PARAUBERIS ]
Figure 12 shows Kyte-Doolittle hydropathy plots {averaged over a
window of 7) Eminl surface probabality plots [KARPLUS-SCHULZ]



chain flexibility plots dJameson-Wolf antigenic index plots and
both Chou-Fasman and [GARNIER-OSGUTHORPE-ROBSON] secondary structure
plots for the GapC protein isolated from 8§ inlae

Figure 13 is a diagrammatic representation of the Chou-Fasman
secondary structure plots for the GapC protein ipolated from (8 ]
dysgal

Figure 14 18 a diagrammatic representation of the Chou-Fasman
secondary structure plote for the GapC protein isolated from B
agalactiae

Figure 15 18 a diagrammatic representation of the [CHOU-FASMAN]
secondary structure plots for the GapC protein isolated from B
[UBERIS }

Figure 16 18 a diagrammatic representation of the Chou-Fasman
secondary structure plots for the GapC protein lsolated from S
[PARAUBERIS ]

Figure 17 is a diagrammatic representation of the [CHOU-FASMAN]
secondary structure plots for the GapC protein isolated from S
iniae

Figure 18 shows the results of SDS-polyacrylamide gel
electrophoresis of recombinant 8 dysgalactiae GapC produced in ([E
COLI DE3 ] Lane 1 molecular weight markers (20 5-103 kDa  BioRad
Emeryville CA) lane 2 soluble recombinant 8§ dysgalactiae GapC
purified by [NI-NTA] affinity chromatography Numbers on the left of
the figure indicate the positions of the molecular weight markers
(1n kDa)

Figure 19 is a histograph which compares the enzymatic activity of
bovine plasmin bound to intact 8 dysgalactiae cells bovines plasmin
bound to affinity-purified recombizant 8 dysgalactiae GapC protein
intact 8 dysgalactiae cells alone affinity-purified recombinant S
dysgalactiae GapC protein alone and bovine plasmin alone Activity
was determined by an increase 1n the absorbance at {405NM] following
release of paranitroanalide from the synthetic substrate
[CHROMOZINE-PL] (Roche Diagnostics Laval Quebec Canada)

The data represents the mean of three individual assays

Figure 20 compares the change in the percentage of udder quarters
infected wvaith 5 dysgalactiae over a 7 day period among three
experimental groups (1) unvaccinated contrel animals (2) animals
vaccinated with the Mig Fc binding protein and (3) animala
vaccinated with GapC Infection was defined as recovery [OF &AT 500
CFU OF THE 8 DYSOALACTIAE] per ml of milk secretions

Figure 21 plots the maximum number of § dysgalactiae in any udder
quarter against serum anti-GapC antibody titre (expressed as the
reciprocal of the dilution showing activity above background
levels) BSerum anti-GapC titers were shown to correlate with the
maximum number [OF CFU/ML] recovered from the mammary glands [(D] =
0 74 as determined using GraphPad Prism software v 2 01 from
GraphPad Boftware 1Inc BSan Diego CA)

Figure 22 plotse cumulative number of infected mammary quarters
agailnst serum antibody titer (again expressed as the reciprocal of
the dilution showing activity above background levels) A strong
correlation between the anti-GapC antibody serum antibody level and
the total number of infected quarters was observed

Figure 23 1llustrates the recovery of bacteria from GapC-immunized
animals data points are plotted as mean bacterial recoveries/ml
milk v time (in days post-challenge) In the figure diamonda
[{(-+-)] represent non-vaccinated animals sgquares [(--)] represent
low titer animals (1 e animals exhibiting the poorest response
against GapC in terms of antibody titre) and triangles represent
high titer animals (1 e the remaining animals)

Figure 24 shows recovery of 8 dysgalactiae from GapC-immunized
animals plotted as the percent of mammary quarters infected ve
time in days poast-challenge In the figure the stippled bars
represent non-vaccinated animals the cross-hatched bars represent
low- titer animals (1 e animals exhibiting the poorest response
against GapC in terms of antibody titre) and the unshaded bars
represent high-titer animals (1 e the remaining animalse)

Figure 25 depicts the cbserved inflammatory responge to infection
with § dysgalactiae plotted as mean somatic cell counts (8CC) for
each experimental group versus time in days post challenge In the
figure diamonds [(-+-)] represent unchallenged unvaccinated
quarters squares [(-N-)] represent challenged unvaccinated
animale triangles (- [A-)] represent challenged Mig-vaccinated
animals and x 8 (-X-) represent challenged GapC-vaccinated
animals

Pigure 26 1llustrates somatic cell counts per mammary quarter on day
1 post- challenge 1In the fagure the bar represents the mean for



each group Squares [(- «-)] represent unvaccinated animale
triangles [{-"-)] represent GapC-vaccinated animals and inverted
triangles [(-8-)] represent Mig-vaccinated animals

Figure 27 depicts the somatic cell counts of non-vaccinated
non-challenged and GapC-immunized high-titer animale (1 e the
four animals exhibiting the highest antibody titres of the eight
animals in the particular group) for seven days post challenge
plotted as the [LOG ] of the mean somatic cell count/ml milk
against time in days post challenge

Diamonds [{-+-}] represent unchallenged unvaccinated animals
squares [(--)] represent challenged unvaccinated animals and
triangles [(-A-)] represent challenged GapC- vaccinated animals
DETAILED DESCRIPTION OF THE INVENTION The practice of the present
invention will employ unless otherwise indicated conventional
techniques of molecular bioclogy microbiology recombinant DNA
technology and immunology which are within the skill of the art
Such techniques are explained fully in the literature See e g
Sambrook PFritsch k Maniatis Molecular Cloning A Laboratory
Manual Vols I II and III Second Edition (1989) Perbal B A
Practical Guide to Molecular Cloning (1984) the series Methods In
Enzymology (S

[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 Scilentific Publications)

The following amino acid abbreviations are used throughout the text
Alanine RAla (A) Arginine Arg (R) Asparagine Asn [(N)] Aspartic
acid Asp (D) Cysteine Cys (C) Glutamine Gln (Q) Glutamic acad
Glu (B) Glycine @Gly (G) Histidine Him (H) Isoleucinme Ile [{I)]
Leucine Leu (L) Lysine Lys (K) Methionin Met (M) Phenylalanine
Phe [(F)] Proline Pro (P) Serine Ser (S) Threonine Thr (T)
Tryptophan Trp [(W)] Tyrosine Tyr [{Y)] Valine val (V) 1
DEFINITIONS In describing the present invention the following texrms
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 claime the singular forms a an and the"include plural
referents unless the content clearly dictates otherwise Thus for
example reference to a Streptococcus GapC protein includes a
mixture of two or more such proteins and the like

The terms GapC [PROTEIN"AND®"GAPC] plasmin 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 GapC gene found in a variety of Streptococcus
species including without limitation certain strains of group A
streptococcy (Lottenbery R et al (1987) Infect Immun 55
[1914-1918} ] The nucleotide sequence of representative
Streptococcus [GAPC] genes and the corresponding amino acid
sequence of the GapC proteins encoded by these genes are depicted
in the Figures 1In particular Figures 1 through 5 depict the
1polated nucleotide sequences and isolated amino acid sequences [OF
§ ) dysgalactiae (SEQ ID NO 23 and SBEQ ID NO 4 respectively) 8
agalactie {SEQ ID NO [S] and SEQ ID NO 6 respectively) I[5 ]
uberls (SEQ ID NO 7 and SEQ ID NO B respectively) 8
parauberis (BEQ ID NO 9 and SEQ ID NO 10 respectively) and

[8 1 [INIAE] (BEQ ID NO 11 and SEQ ID NO 12 respectively)
However a GapC protein as defined herein is not limited to the
depicted sequences as subtypesa of each of these Streptococcus
species are known and variations in GapC proteins will occur between
them

Representative [GAPC] genes derived from 5§ dysgalactiae 5
[AGALACTIAE 8 UBERIS ] and 8 parauberis are found in the
plasmids pET15bgapC (ATCC No ) pMF521c (ATCC No ) [PMF521A] {ATCC
No ) [PMF521D] (ATCC No ) and [PMF521E] (ATCC No ) respectively
Furthermore the derived protein or nucleotide sequences need not be
physically derived from the gene described above but may be
generated i1n any manner aincluding 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 contiquous aminc acid sequences
encoded by the genes which dieplay immunological and/or
plasmin-binding activity

Thus the terms intend full-length as well as 1mmunogenic
truncated and partial sequences and active analogs and precursor
forms 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 25 to 50 or more contiguous
base pairs of the gene or any integers between these values Such
fragments are useful as probee and i1n diagnoetic methodes discussed
more fully below

The terms also include those forms possessing as well as lacking a
signal sequence 1f such is present as well as the nucleic acid
sequences coding therefore Additionally the term intends forma of
the GapC proteins which lack a membrane anchor region and nucleic
acid sequences encoding proteins with such deletions Such deletions
may be desirable i1n systems that do not provide for secretion of the
protein Furthermore the plasmin-binding domains of the proteins
may or may not be present Thus for example i1f the GapC
plasmin-binding protein will be used to purify plasmin the
plasmin-binding domain will generally be retained If the protein is
to be used in vaccine compoeitions immunogenic epitopes which may
or may not include the plasmin-binding domain will be present

The terms also include proteins in neutral form or in the form of
basic or acid addition salte depending on the mode of preparation
Such acid addition salts may involve free amino groups and basic
salts may be formed with free carboxyls [PHARMACEUTICALLY]
acceptable basic and acid addition salts are discusped further
below In addition the proteins may be modified by combination with
other bilological materials such as lipids (both those occurring
naturally with the molecule or other lipids that do not destroy
immnological activity) and saccharidea 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 modificatiocns
of the encoded primary sequence

The term therefore intends deletions additions and substitutions to
the sequence 8o long as the polypeptide functions to produce an
immunological response as defined herein

In thies regard particularly preferred substitutions will generally
be conservative in nature 1 e those pubstitutions that take
place within a family of amino 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 1isoleucine proline
[PHENYLALANINE ] methionine tryptophan and (4) uncharged
polar--glycine asparagine glutamine cystine perine threonine
tyrosine Phenylalanine tryptophan and tyrosine are sometimes
clasaified as aromatic amino acids For example it is reasonably
predictable that an isolated replacement of leucine with isocleucine
or valine or vice versa an aspartate with a glutamate 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
as the reference molecule but possessing minor amino aciad
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
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 8o
long as the desired functlon of the molecule remains intact

In this regard GapC proteins i1solated from streptococel exhaibit
several variable regions in their amino acid seguences located at
amino acid positions 62 to Bl 102 to 112 165 to 173 248 to 271
and 286 to 305 'These regions which in [8 ] dyagalactiae 8
(AGALACTIAE S UBERIS S PARAUBERIS] and § 1iaiae exhibit from 1
to 9 amino acid substitutions are likely to be amenable to
variation without substantially affecting immunogenic or enzymatic
function

8imilarly substitutions occurring in the transmembrane binding
domain if present and the signal sequence if present normally
will not affect [IMMUNOGENICITY ] One of gkill in the art may
readily determine other regions of the molecule of interest that can
tolerate change by reference to the protein structure data shown in
Figqures [8-17] herein

The term streptococcal GapC protein intends a GapC plasmin-banding
protein as defined above derived from a streptococcal species that
produces the same including but not limited to 8 dysgalactiae 8
agalactiae 8 uberis 8 parauberis and 8 iniae For example



[A 8 ] dysgalactiae GapC protein is a GapC plasmin-binding protein
as defined above derlved from 8§ dysgalactiae 8imilarly an S
agalactiae GapC protein'intends a [GAPC] blnding protein derived
from 8 agalactiae

Wild type or native"proteins or polypeptides refer to proteins or
polypeptides isoclated from the pource in which the proteins
naturally [OCCUR RECOMBINANT POLYPEPTIDES] refer to polypeptides
produced by recombinant DNA techniques 1 e produced from cells
tranaformed by an exogenous DNA construct encoding the desired
polypeptaide Synthetic polypeptides are those prepared by chemical
synthesis
An isolated protein or polypeptide 18 a protein or polypeptide
molecule separate and discrete from the whole organiem with which
the molecule ig found in nature or a protein or polypeptide devoid
in whole or part of sequences normally associated with it in
nature or a peqguence as it exispts in nature but having
heterologous sequences (as defined below) in association therewith
The [TERM"FUNCTIONALLY] equivalent intends that the amino acid
sequence of a GapC plasmin-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 GapC
plasmin-binding protein having identity with the reference GapC
plasmin-binding protein or an immunogenic 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 1s aleso used
interchangeably with antigenic determinant or antigenic determinant
pite Antibodies that recognize the same epitope can be identified
ir a simple immunocassay 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 described above
An immunogenic protein or polypeptide as used herein includes the
full-length sequence of the GapC plasmin-binding protein in
question with or without the signal sequence membrane anchor
domain and/or plasmin-binding domain analogs thereof or
immunogenic fragments thereof By 1immunogenic fragment 1s meant a
fragment of a GapC plasmin-binding protein which includes one or
more epitopes and thus elicits the immunological response described
above

Such fragments can be identified using any number of epltope mapping
techniques well known in the art See e g Epitope Mapping
Protocols in Methods in Molecular Biology Vol 66 (Glenn E Morris
Ed 1996) Humana Press Totowa New Jersey For example linear
epitopes may be determined by ¢ g concurrently synthesizing large
numbers of peptides on sclid supports the peptides corresponding to
portions of the protein molecule and reacting the peptides wath
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 B71 QGeysen et al (1584) [PROC ] Natl Acad Sci UBA 81
[3998-4002] Geyesen et al

{1986) [MOLEC ] Immunol 23 709-715 8Similarly [CONFORMATIONAL)
epitopens are readily identified by determining spatial conformation
of amino acide such as by e g x-ray crystallography and
2-dimensional nuclear magnetic repsonance See e g Epitope
Mapping Protocols supra Antigenic regions of proteins can also be
1dentified using standard antigenicity and hydropathy plots such as
those calculated using e g the Omiga version 1 0 software
program available from the Oxford Molecular Group This computer
program employs the Hopp/Woods method Hopp et al Proc [NATL ]
Acad Sci USA (1981) 78 [3824-]) 3828 for determining antigenlcity
profiles and the Kyte-Doolittle technique Kyte et [AL 1 J

Mol Biol (1982) 157 105-132 for hydropathy plots Figures 8 to 12
herein depict Kyte- Doolittle profiles for representative proteins
encompassed by the invention

[IMMUNE GENIE] fragments for purposes of the present inventiocn

will uaually include at least about 3 amino acides 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 GapC plasmin-binding-binding protein molecule There is no
cricical 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 GapC

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

By subunit vaccine composition is meant a composition contalning 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"subupit
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 biologically or otherwise undesirable
i e the material may be administered to an indivadual in a
formulation or composition without causing any undesirable
biclogical effects or interacting in a deleterious manner with any
of the components of the composition in which it 1s contained

An immunological 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 Usually
[AN IMMUNOLOGICAL] 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/or [Y5] T cells directed epecifically to an antigen or artigens
included in the composition or vaccine of interest Preferably the
host will diaplay either a therapeutic or protective immunological
response such that resistance of the mammary gland to new infection
will be enhanced and/or the clinical severity of the disease
reduced B8uch 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 nuclelc acid [IMMUNIZATION"IS] meant the introduction of a
nucleic acid melecule encoding one or more selected antigens into a
host cell for the in vivo expression of an antigen antigens an
epitope 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 immine response can be mounted against the
antigen encoded by the nucleic acid molecule

The tenn treatment as used herein 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 ie wmeant an inflammation of the mammary gland in
mammals including in cows ewes goate Bowe mares and the like
caused by the presence of 8 [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
gecretaion 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 syatemic
changes are displayed and the changes in the gland and i1ts secretion
are less marked and (4) subclinical where the inflammatory
reactlion 18 detectable only by standard tests for mastitis

Standard teste for the detection of mastitis include but are not
limited to the California Maetitis 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
500 000 cells per ml or higher in milk will indicate the presence
of infection Thus a vaccine 1s 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 cella per
ml For a discussion of mastitis and the diagnoais thereof see e
g The [MERCK] Veterinary Manual A Handbook of Diagnosis

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
humans domestic animals such as dogs and cats and birds includang
domestic wild and game birds such as cocks and hens including
chickens turkeys and other gallinaceous birds and fieh The term
does not denote a particular age Thus both adult and newborn
animals as well as fetuses are intended to be covered

A nucleic acid molecule can include but is not limted to
procaryotic sequences eucaryotic [MRNA ] cDNA from eucaryotaic
[MRNA ] genomic DNA sequences from eucaryotic (e g mammalian)
DNA and even synthetic DNA sequences The term also captures
sequencen that include any of the known base analogs of DNA and RNA

An 1solated nucleic acid molecule 18 a nucleic acid molecule
geparate and discrete from the whole organism with which the
molecule is found in nature or a oucleic acid molecule devoid ain
whole or part of sequences normally associated with i1t in nature
or a sequence as 1t exists in nature but having heterologous
sequences (as defined below) in association therewith The
[TERM"IBOLATED IN] the context of a polynucleotide intends that the
pelynucleotide 18 isolated from the chromosome with which 1t is
normally assoclated and 1s isolated from the complete genomic
sequence in whach it normally occurs

Purified polynuclectide refera to a polynucleotide of interest or
fragment thereof which is easentially free e g containe less
than about S0% preferably less than about 70% and more preferably
legs than about 90% of the protein with which the polynucleotide is
naturally assoclated 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
chaotropic agent and separation of the polynucleotide (s) and
proteins by ion-exchange chromatography affinity chromatography and
sedimentation according to density
A"coding sequence"or a nucleotide sequence encoding particular
protein 1s a nucleotide sequence which is transcribed and
translated into a polypeptide in vitro or in vivo when placed under
the control of appropriate regqulatory 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 sequence 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 [IGAPOS TO] the coding sequence A complementary sequence
is 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 -ATGCTGA-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
found in nature e g the 8 dysgalactiae GapC protein encoding
sequences depicted in Figures 1A-1B (SEQ ID NO 4)

"Recombinant as used herein to describe a nucleic acid molecule
means a polynucleotide of genomic [CDNA ] semisynthetic or
synthetic origin which by virtue of its origin or mamipulation (1)
is not associated with all or a portion of the polynuclectide with
which it is associated in nature and/or (2) i1s linked to a
polynucleotide other than that to which it ip linked in nature The
term recombinant"as used with respect to a protein or polypeptide
means a polypeptide produced by expreasion 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 reciplents for recombinant vectors or other transfer DNA and
include the progeny of the original cell which has been transfected
It is understood that the progeny of a single parental cell may not
necessarily be completely 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 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 moleties Two DNA or two polypeptide sequences
are substantially homologous to each other when the sequences
exhibit at least about B0%-85% preferably at least about 50% and
most preferably at least about 95%-98% mequence 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 nucleotide-to-nucleotide or
amino acld-to- amino acid correspondence of two polynucleotides 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 number of matches between the two
aligned eequences 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 analysip such as ALIGN Dayhoff
M O in Atlas of Protein Sequence and Structure M O Dayhoff ed

5 Buppl 3 353-358 National biomedical Research Foundation
Washington DC which adapts the local homology algorithm of Smaith
and Waterman [{1981)] Advances [IN APPL MATH 1] 482-489 for
peptide analysis Programs for determining nucleotide sequence
identity are avallable in the Wisconsin Sequence Analysis Package
Version 8 (available from Genetics Computer Group Madison WI)} for
example the BESTFIT FASTA and GAP programs which alsc 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 Analyeis 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 sBix 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 John P
Colline and Shane 8 8turrck and distributed by [INTELLIGENETICS ]
Inc (Mountain View CA) From this suite of packages the Smith-
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 reflects sequence

identity "Other suitable 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 gtrand = both cutoff = 60 expect [=10] Matrix = BLOSUM62
Descriptions = 50 sequences sort by = HIGH SCORE [DATABASES =]
non-redundant GenBank + EMBL + DDBJ + PDB + GenBank CDS
translations + Swiss protein + Spupdate + PIR Detalls of these
programs can be found at the following internet address http //www
[NCBI ] nlm gov/cgl-bin/BLAST

Alternatively homology can be determined by hybridization of
polynucleotides under conditions which form stable duplexes between
homologous regions followed by digestion with
single-stranded-specific nuclease (8) and size determination of the
digested fragments DNA sequences that are substantially homologous
can be i1dentified in a Southern hybridization experiment under for
example stringent conditions as defined for that particular
system Defining appropriate hybridization conditions is within the
gkil) of the srt 92¢ & g Sambrook et al supra DNA Cloning
supra Nucleic Acid Hybridization eupra

By the term degenerate [VARIANT I8] intended a polynucleotide
containing changes in the nucleic acid sequence thereof that
encodes a polypeptide having the same amuino 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 acad
to amino acid comparison of two or more polypeptides at the
appropriate place where amino acids are identical or possess
eimilar chemical and/or physical properties such as charge or
hydrophobiecity A so-termed percent [SIMILARITY&APOS &APOS THEN]
can be determined between the compared polypeptide sequences
Techniques for detexmining nucleic acid and amino acid sequence



identity also are well known in the art and include [DETERMINING]
the nucleotide sequence of the [MRNA] for that gene (usually via a
¢DNA 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 pequences respectively

[A HETEROLOGOUS REGION] of a DNA conptruct is an identifiable
gegment of DNA within or attached to another DNA molecule that ia
not found in association with the other molecule in nature Thus
when the heterologous 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 example of the
heterologous coding sequence 1s a construct where the coding
sequence lteelf is not found in nature (e g synthetic sequences
having codona different from the native gene) Allelic variation or
naturally occurring mutational events do not give rise to a
heterologous region of DNA a8 used herein

A vector is a replicon such as a plasmid phage or cosmid to
which another DNA segment may be attached sc aa to bring about the
replication of the attached segment A vector 1s capable of
tranasferring gene sequences to target cells (e g Dbacterial
plasmid vectors wviral 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 as
capable of directing the expression of a mequence or gene of
interest

Thus the terms include cloning and expression vehicles as well as
viral vectora

These assemblies include a promoter which is cperably linked to the
gsequences or gene (s8) 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 way also include a
bacterial origin of replication one or more selectable markers a
signal which allows the plasmid construct to exist as *
glngle-stranded DNA (e [G ] a [M13] orxigin of replication) a
multiple cloning mite and [A MAMMALIAN ORIGIN] of replication (e

g a BV40 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 domains ribosome binding
eites and the like which collectively provide for the transcription
and trahslation of a coding sequence in a host cell Bee e g
McCaughan et al

(1995) PNAS USA 92 5431-5435 Kochetov et al (1998) [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 so described are configured so as to perform thear usual
function Thue contreol elements operably linked to a coding
sequence are capable of effecting the expression of the coding
sequence The control elemente need not be contiguous with the
coding sequence 80 long as they function to direct the expression
thereof Thua for example intervening untranslated yet transcribed
sequences can be present between a promoter and the coding sequence
and the promoter can stlll be considered"cperably [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] a coding sequence in a cell when RNA polymerase
will bind the promoter and transcribe the coding sequence into
[MRNA ] which i1pg then translated into the polypeptide encoded by the
coding sequence

A"host cell is a cell which has been transformed or 18 capable of
transeformation by an exogenous nucleic acid molecule

A cell has [BEEN TRANSFONNED"BY] exogenous DMA when such exogenous
DNA has been introduced inside the cell membrane Exogencus 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
guch as a plasmid With respect to eucaryotic cells a stably
transformed cell i1e one in which the excgenous DNA has become
integrated into the chromosome so that it 18 inherited by daughter
cells through chromosome replication This stability 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"biological 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 fluird 1lymph fluid samples of the pkin external
secretions of the skin respiratory intestinal and genitourinary
tracts tears paliva milk blood cells organe biopsies 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 celle 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 fluorescers chemiluminescers enzymes enzyme
substrates enzyme cofactors enzyme inhibitors chromophorea dyes
metal ions metal sols ligands (e g biotin or haptens) and the
like

The term fluorescer"refera to a pubstance or a portion thereof which
18 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-P-GALACTOSIDASE ]

2 MODES OF CARRYING OQUT THE INVENTION Before describing the present
invention in detail it i1s to be understood that this invention is
not limited to particular formulations or process parameters as such
may of course vary It 18 also to be understood that the
terminclogy used herein is for the purpose of describing particular
embodiments of the invention only and i1s not intended to be
limitaing

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 1s the discovery that the GapC
protein is capable of eliciting an immune response 1n a vertebrate
subject In particular the genes for the GapC protein in §
dysgalactiae B8 agalactiae [8] uberis [8 ] parauberis and S
[INIAE] bhave been isolated sequenced and characterized and the
protein sequences for those genes have been deduced therefrom The
complete DNA sequences for those genes and the corresponding amino
acid sequences are shown in Figures 1 through [5 ]

As described in the examples the full-length 8 dysgalactiae [GARC]
gene depicted at nucleotide positions 1-1011 inclusive of Figures
{1a-1B ] encodes the full-length 8 dysgalactiae GapC protein of 336
amino acids pshown as amino acids 1-336 inclusive of the same
fiqure B dysgalactiae GapC has a predicted molecular weight of
about 36 kDa

{calculated using the Peptide Sort program of the GCG@ Wigcongin
Package version provided by the SeqWeb sequence analysis package
version [1 1 [1] of the Canadian Bloinformatics Resocurce)

S8imilarly the gapC genes i1solated from 8 agalactiae 8 uberis 5
parauberis [AND § INIAE] are depicted in Figqures 2 through 5 each
encodes a full-length GapC protein also of 336 amino acides each
also having a predicted molecular weight of about 36 kDa None of
the full-length sequences appear to include a signal peptide or a
membrane anchor region

Figurea 6 and 7 show an alignment of DNA and amino acid sequences
respectively showing regions of homology and variabiility that exiet
among GapC proteins from various streptococci strains 1In
particular several variable regions are located at amino acad
positions 62 to 81 102 to 112 165 to 172 248 to [271] and 286
to [305 ) Such variable regions are typically more amenable to
change Hence amino acid changes in these regions such as
substitutions additions and deletions are likely tolerated
Figures 8 through 12 show plots of the following for each of the
GapC proteins of the present invention Kyte-Doolittle hydropbathy
averaged over a window of 7 surface probability according to Emini



chain flexibility according to Karplus-Schulz antigenicity index
according to Jameson-Wolf secondary structure according to
Garnler-Osguthorpe- Robson secondary structure according to
Chou-Fasman and predicted glycosylation sites
Fagures 13 through 17 show plots of secondary structure according to
Chou-Fasman for each of the GapC proteins of the present invention
One of gkill in the art can readily use the information presented in
Figures 8 to 17 to determine irmmuncgenic regions in the protein for
use in vaccine compositions
[ 1 dysgalactiae GapC plasmin-binding protein immunogenic
fragments thereof or chimeric proteins including the same can be
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 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 compogitione of the present invention can be used to
treat or prevent a wide variety of bacterial infectloms in
vertebrate subjects For example vaccine compositions including
GapC plasmin-binding proteins from § [DYSGALACTIAE & UBERIS 8 ]
parauberis [S§ ] 1iniae and/or group B streptococel (GBB) such as 8
agalactiae can be used to treat streptococcal infections in
vertebrate subjects that are caused by these or other species 1In
particular B8 uberis and 8 agalactie are common bacterial
pathogens associated with mastitis in bovine equine ovine and goat
species Additionally group B streptococcl psuch as 8 agalactiae
are known to cause numerous other infections in vertebrates
including eepticemia meningitis bacteremia impetigo arthritis
urinary tract infections abscesses spontanecus abortion etc
Hence vaccine compositions containing streptococcal GapC
plasmin-binding proteins will find use in treating and/or preventing
a wide variety of streptococcal infections
Bimilarly @GapC plasmin-binding proteins derived from other
bacterial genera such as Staphylococcus Mycobacterium Escherichia
Pseudomonas Nocardia Pasteurella [CLOSTRIDIUM AND MYCOPLASMAI
will find uee for treating bacterial infections caused by species
belonging to those genera Thus it 18 readily apparent that GapC
plasmin-binding proteins can be used to treat and/or prevent a wide
variety of bacterial infections in numerocus species
The streptococcal GapC plasmin-binding proteins of the present
invention can be used in vaccine compositions either alome 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 epitopes of a GapC
plasmin-binding protein fused to one or more of these antigens For
example other immunogenic proteins from [§ ] uberis such as the
CAMP factor hyaluronic acid capsule hyaluronidase R-like protein
and plasminogen actlivator can be administered with the GapC
protein Additionally Iimmunogenic proteins from other organisms
involved in mastitis such as from the genera Staphylococcus
[CORYNEBACTERIUM PSEUDOMOMAS NOCARDIA CLOSTRIDIUM MYCOBACTERIUM
MYCOPLASMA ] Pasteurella Prototheca other streptococci [COLIFORM]
bacteria as well as yeast can be administered along with the GapC
plasmin-binding proteins described herein to provide a broad
spectrum of protection Thus for example immunogenic proteins from
[BTAPHYLOCOCCUS AUREUS STR ACGALACTIAE STR DYSGALACTIAE BTR
ZOOEPIDEMICUS ] Corynebacterium [PYOGENES ] [PBEUDOMONAS AERUGINOSA
NOCARDIA ASTEROIDES CLOSTRIDIUM] [PEIFRINGENS ESCHERICHIA COLI
EITTEROBACTER AEROGENES AND KLEBSIELLA SPP ] can be provided along
with the GapC plasmin-binding proteins of the present invention
Additionally @GapC proteins from different streptococcal species may
be used together in the vaccine compositions of the present
ianvention In this embodiment the multiple GapC proteins may be
provided as fusion proteins or as discrete antigens in the same or
different vaccine compositions
Production of GapC Plasmin-Binding Proteins The above-described
plasmin-binding proteins and active fragments analogs and chimeric
proteines derived from the same can be produced by variety of
methods
Bpecifically GapC plasmin-binding proteins can be isolated directly
from bacteria which express the same Thie is generally accomplished
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by first preparing a crude extract which lacks cellular components
and several extraneous proteins The desired proteins can then be
further purified from the cell lysate fraction by e g colum
chromatography HPLC [IMMUNOADSORBENT] techniques or other
conventional methods well known in the art

More particularly techniques for isolating GapC plasmin-binding
proteins have been described For example the GapC protein [OF S
PYOGENES] was purified from a crude cell extract by precipitation
with ammonium sulfate followed by two cycles of chromatography
through a Mono FPLC column and single cycles through superose 12
FPLC and TSK-phenol HPLC columns {Pancholi V and [FISCHETTI ] VA
(1992} JExptl

Med 76 415-426) Another technique involves the use of a
[NAD+-AGAROSE] affinity column to purify GapC from lysed protoplasts
of 8 [PYOGENES] strain 64/14 [(WINRAM ] SB and Lottenberg R (1996)
Microbiol 142 2311-2320)

Alternatively the proteins can be recombinantly produced as
deascraibed herein As explained above these recombinant products can
take the form of partial protein sequences full-length sequences
precurscr forms that include signal sequences mature forms without
signals 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 GapC proteins are
fused to a histidine tag produced by recombinant means and are
then purified from a cell lysate fraction using affinity
chromatography BSee Example [1A-E ] infra

The GapC plasmin-binding proteins of the present invention can be
1solated based on the abllity of the protein products to bind
plasmin using plasmin-binding assays as described below See e

qg the method described in section F 3 of Example 1 infra Thus
gene libraries can be constructed and the resulting clones used to
transform an appropriate host cell Colonies can be pooled and
screened for clones having plasmin-binding activity

Colonies can also be screened using polyclonal serum or monoclonal
antibodies to the plasmin-binding protein

Alternatively once the amino acid sequences are determined
oligonucleotide probes which contain the codons for a portion of the
determined amino acid sequences 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 nucleic acid hybridization
are well known to those of ordinary skill in the art See e g
DNA Cloning Vol 11 supra Nucleic Acid Hybridization supra
Oligonucleotide Synthesis supra Sambrook 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 GapC
plasmin-binding protein gene or a [HOMOLOG] thereof The genes can
then be further imolated using standard techniques and if desired
PCR approaches or restriction enzymes employed to delete portions of
the full-length sequence

Similarly genes can be i1polated directly from bacteria using known
techniques such as phencl extraction and the sequence further
manipulated to produce any desired alterations See e g Sambrook
et al supra for a description of techaniques used to obtain and
isolate DNA

Alternatively DNA sequences encoding the proteins of interest can
be prepared synthetically rather than cloned The DNA sequences can
be designed with the appropriate codons for the particular amino
acid sequence 1In general one will select preferred codons for the
intended host if the sequence will be used for expressicn The
complete sequence 1s assembled from overlapping oligonucleotides
prepared by standard methods and assembled into a complete coding
sequence Bee e g Edge (19681) Nature 292 756 [NAMBAIR] et al

Elsﬂi) Sclence 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
Numerous cloning vectors are known to those of skill in the art and
the selection of an appropriate cloning vector is a matter of

choice Examples of recombinant DNA vectors for cloning and host
cells which they can transform include the bacteriophage [K] (E
colr} pBR322 (E coli) pACYC1?77 (E coll) [PKT230] (gram-negative
bacteria) [PAV1106] (gram-negative bacteria) [PLAFRL]



(gram-negative bacteria) pME2%0 (non-E coll gram-negative
bacteria) pHV14 (E coll and Bacillus subtilis) pBD9 (Bacillus)
pIJél [(STEPTO2YCES) ] puUC6 [(STREPTOMYCES) ) YIpS

[ (SACCHAROMYCES) ] [YCPLS (SACCHAROMYCES)] and bovine papilloma
virus (mammalian cells)

See Bambrook et al supra DNA Cloning supra B Perbal supra

The gene can be placed under the control of a promoter ribosome
binding site (for bacterial expression) and optionally an operator
{collectively referred to herein as"control elements) 8o that the
DNA sequence encoding the desired protein is tramnscribed into RNA in
the host cell transformed by a vector containing this expression
construction 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 § dysgalactiae GapC
plasmin-binding protein 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 host in post-translational
processing SBee e g U S Patent Nos 4 431 739 4 425 437

4 338 397

Other requlatory sequences may also be desirable which allow for
reqgulation 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 1including the presence of a
regulatory compound Other types of regulatory elemente may also be
present in the vector for example enhancer sequences

The control sequences and other requlatory sequences may be ligated
to the coding sequence prior to inesertion inte a vector such as the
cloning vectors described 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 i1t may be necessary to modify the coding sequence so
that it may be attached to the control sequences with the
appropriate orientation i e to maintain the proper reading

frame It may also be desirable to produce mutants or analogs of the
GapC plasmin-binding protein Mutants or analogs may be prepared by
the deletion of a portion of the segquence encoding the protein by
insertion of a sequence and/or by substitution of one or more
nucleotides within the seguence Techniques for modifying nucleotide
sequences such as site-directed mutagenesis are described in e

g Sambrook et al supra DNA Cloning supra Nucleile 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 availlable from the American Type
Culture Collection (ATCC) Buch as but not limited to Chinese
hamster ovary (CHO) cells HelLa cells baby hameter kidney (BHK)
cells monkey kidney cells (COS) human hepatocellular carcinoma
cells (¢ g Hep G2) Madin-Darby bovine kidney [("MDBK")] cells

as well as others B8imilarly bacterial hosts such as E cola
Bacillus subtilis and Btreptococcus [BPP ] will f£ind use with the
present expression constructs Yeast hosts useful in the present
invention include inter alia Baccharomyces cerevisiae Candida
[ALBICANS ] Candida maltosa Hansenula polymorpha Kluyveromyces
[<BR> <BR> <BR> FRAGILIS KLUYVERCMYCES LACTIS PICHIA
GUILLERIMONDII PICHIA PASTORIA BCHIZOSACCHAROMYCES] [POMPE] and
[YARROWIA LIPOLYTICA ] Insect cells for use with baculovirus
expression vectors include inter alia Aedes aegypti Autographa
[CALIFORNICA ] Bombyx morl 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
transformed 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 synthesis 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 axt See e g J M Stewart and J D Young
Solid Phase Peptide Bynthesis 2nd Ed Plerce Chemical Co

[ROCKFORD ] IL (1984) and G Barany and R

B Merrifield [SHE] Peptides Analysis Synthesis Biology
editors E Gross and J

Melenhofer Vol 2 Academic Press New York (1980) pp 23-254 for
solid phase peptide synthesis techniques and M Bodanseky
Principles of Peptide Synthesis Springer-Verlag Berlin (1984) and
E Gross and J Meienhofer Eds The Peptides Analysis

Synthesls Biology supra Vol 1 for classical solution synthesis
Chemical synthedis of peptides may be preferable 1f a small fragment
of the antigen i1n question is capable of raising an immunologaical
response in the subject of interest

The GapC plasmin-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 ) 18 1mmunized with an
antigen of the present invention or its fragment or a mutated
antigen BSerum from the immunized animal is collected and treated
according to known procedures See e g Jurgens et al (1985)

[T ] 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 GapC plasmin-binding proteins 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 transfection with Epstein-Barr
virus See e g M Schreier et al Hybridoma Techniques (1580)
Hammering et al [MONOCLONAL ANTIBODIES AND T-CELL HYBRIDOMAS
{1981)1] [KENNETT) et al Monoclonal Antibodies (1980) aee also
U S 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 GapC plasmin-binding
proteins or fragmente thereof can be screened for various
properties 1 e for isotype epltope affinity etc

Monoclonal antibodies are useful in purificatlon using
immunoaffinity techniques of the individual antigens which they are
directed against Both polyclonal and monoclconal antibodies can also
be used for passive immnization or can be combined with subunit
vaccine preparations to enhance the immune response Polyclonal and
monoclonal antibodies are also useful for diagnostic purposes
Vaccine Formulations and Administration The GapC plasmin-binding
proteins of the present invention can be formulated into vaccine
compositione either alone or in combination with other antigens

for use in immunizing subjects as described below Methods of
preparing such formulations are described in e g Remington s
Pharmaceutical Sciences Mack Publishing Company Easton
Pennsylvania 18 Edition 1990 Typically the vaccines of the
present invention are prepared as injectables either as liquid
solutions or suspensions Bolid forms suitable for solution in or
suspension in liquid wvehicles prior to injection may aleso be
prepared The preparation may also be emulsified or the active
ingredient encapsulated in liposome vehicles The active immunogenic
ingredient 18 generally mixed with a compatible pharmaceutical
vehicle such as for example water saline dextrose glycerol
ethanol or the like and combainations thereof In addition 1if
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) oils oll-in-water
emulsions saponins [CYTOKINES ] and other substances known in the
art

The GapC plasmin-binding protein may be linked to a carrier in order
to increase the [IMMUNOGENICITY] thereof Suitable carriers include
large Bslowly metabolized macro- molecules such as proteins
including serum albumins keyhole limpet [HEMOCYANIN ]
immunoglobulin molecules thyroglobulin 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 polyglutamic acid polylysine and
the like amino acid copolymers and inactive virus particles
The GapC plasmin-binding proteins 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-IMINOTHIOLANE] or the [N-HYDROXYSUCCINIMIDE] ester of 13-
{4-dithiopyridyl propionate Suitable carriers may aleso be modified
to incorporate spacer arms (such as hexamethylene diamine or other
bifunctional molecules of similar size) for attachment of peptides
Other suitable carriers for the GapC plasmin-binding proteins of the
present invention include VP6 polypeptides of rotaviruseas or
functional fragments thereof as disclosed in U S Patent No
5 071 651 Aleso useful is a fusion product of a viral protein and
the subject iinmunogens made by methods disclosed 1n U 8 Patent
No 4 722 B840 B5till 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 immunized
state Alternatively the proteins of the present invention may be
coupled to erythrocytes preferably the subject s own erythrocytee
Methode of coupling peptides to proteins or cells are known to those
of skill in the art
Furthermore the GapC plesmin-hinding 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
ac~ tive 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
Balts formed from free carboxyl groups may also be derived from
inorganic bases such as for example pgsodium potassium ammonium
calcium or ferric hydroxides and such organic bases as
1scpropylamine trimethylamine 2-ethylamino ethanol histidine
procaine and the like
vVaccine 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 mamtitis for
example a "therapeutically effective amount'"would preferably be an
amount that enhances resistance of the mammary gland to new
anfection and/or reduces the clinical severity of the disease
Buch 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
retain or bring the somatic cell count (SCC) in milk below about
500 000 cells per ml the threshold value set by the International
Dalry 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 ptandard tests
The GapC plasmin-binding protein concentration will typically range
from about [1%] to about 95% (w/w) of the composition or even
higher or lower 1f appropriate With the present vaccine
formulations 5 to [500 UG] of active ingredient per ml of injected
solution should be adequate to raise an immunological response when
a8 dose of 1 to 3 ml per animal is administered
To ammunize a subject the vaccine is generally administered
parenterally usually by intramuscular injection OQther modes of
administration however such as subcutanecus intraperitoneal and
intravenous injection are also acceptable The quantity to be
administered depends on the animal to be treated the capacity of
the animal 8 immune system 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 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 guitable for other modes
of administration include suppositories and in some cases aerosol
intranasal oral formulations and sustained release formulations
For suppositories the vehicle compomition will include traditional
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binderp and carriers such as polyalkaline glycels 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 284 Oral vehicles include
such normally employed excipients as for example pharmaceutical
grades of mannitol lactose setarch magnesium stearate sodaum
saccharin cellulose magnesium carbonate and the like These oral
vaccine composlitions may be taken in the form of sclutions
suspensions tablets pilles capsules sustained release
formulations or powders and contain from about 10% to about 95% of
the active ingredient preferably about 25% to about 70%

Intranasal formulaticns will usually include vehicles that neither
cause irritation to the nasal mucosa nor significantly disturb
ciliary function Diluents such as water aqueous 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 benzalkenium chloride A surfactant
may be present to enhance absorption of the pubject 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 [HYTREL (G] copolymers
ewellable polymers such as hydrogels or resorbable polymers such aa
collagen and certain polyacids or polyesters such as those used to
make resorbable sutures The GapC plasmin-binding proteins can also
be delivered using implanted mini-pumps well known in the art

The GapC plasmin-binding proteins of the imstant invention can also
be administered via a carrler 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
adenovirue 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 is first insertad
into an appropriate vector so that it is adjacent to a vaccinia
promoter and flanking vaccinia DNA sequences such as the sequence
encoding thymidine kinase [(TK) ] This vector 1s then used to
transfect cells which are simultaneously infected with vaccinia
Homoleogous recombination serves to ineert the vaccinia promoter plus
the gene encoding the instant protein into the viral genome The
resulting TIC recombinant can be selected by culturing the cells in
the presence of 5-bromodecxyuridine and picking viral plaques
resistant thereto

An alternative route of administration involves gene therapy or
nucleic acid lmmunization Thus nucleotide sequences (and
accompanying regulatory elements) encoding the subject GapC
plasmin-binding proteins can be adminiastered directly to a subject
for in vaivo translation thereof Alternatively gene transfer can be
accomplished by transfecting the subject 8 cells or tissues ex vivo
and reintroducing the transformed material into the host DNA can be
directly introduced into the host organism 1 e by injection (see
International Publication No WO/90/11092 and Wolf et al (1990)
Bclence 247 1465- 1468) Liposcme-mediated gene transfer can also
be accomplished using known methods

See e g ([HAZINSLCI] et al ([{1991) AM J RESPIR CELL MOL
BIOL ] 4 206-209 Brigham et al

(1589) Am J Med [5CI 298] 278-281 Canonico 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] coanjugated to the liposomal purface sc that the nucleic
acid can be delivered to mpecafic tissues and cells susceptible to
infection

Diagnostic Assays As explained above the GapC plasmin-binding
proteins of the present invention may also be used as diagnostice to
detect the presence of reactive antibodies of streptococcus for
example (S ] dysgalactiae in a biological sample i1n order to
determine the presence of streptococcus infection For example the
presence of antibodies reactive with GapC plasmin-binding proteins
can be detected using standard electrophoretic and
[IMMUNODIAGNOSTIC] techniques including immunoassays such as
competition direct reaction or sandwich type assays Buch assays
include but are not limited to Western blots agglutination tests
enzyme-labeled and mediated immunoassays such as [ELISAS]
biotin/avidin type assays radioimmunoassays immuncelectrophoresis
immunoprecipitation etc The reactions generally include revealing



labels such as fluorescent chemiluminescent radioactive enzymatac
labels or dye molecules or other methodes for detecting the
formation of a complex between the antigen and the antibody or
antihodies reacted therewith

The aforementioned assays generally involve separation of unbound
antibody in a liquid phase from a solid phase support to which
antigen-antibody complexes are bound

So0lid supporte which can be used in the practice of the invention
1nclude substrates such as nitrocellulose (e g in membrane or
microtiter well form) polyvinylchloride (e g sheets or
microtiter wells) polystyrene latex (e g beads or microtiter
plates) polyvinylidine fluoride diazotized paper nylon membranes
activated beads magnetically responsive beads and the like
Typically a solid support is first reacted with a solid phase
component (e g one or more GapC plasmin-binding proteins) under
suitable binding conditions such that the component is sufficiently
immobilized to the support Sometimes immobilization of the antigen
to the pupport can be enhanced by first coupling the antigen to a
protein with better binding properties BSuitable coupling proteins
include but are not limited to macromolecules such as serum
albumine including bovine serum albumin (BSA} keyhole limpet
hemocyanin immunoglobulin molecules thyroglobulin ovalbumin and
other proteins well known to those skilled in the art Other
molecules that can be used to bind the antigens to the support
include polysaccharides polylactic acids polyglycolic acids
polymeric amino acids amino acid copolymers and the like Such
molecules and methods of coupling these molecules to the antigens
are well known to those of ordinary skill in the art See e g
Brinkley M A Biloconjugate Chem (1992) 3 2-13 Hashida et

[AL ) J ([APPL ]

[BIOCHEM ] (1984) 6 56-63 and [ANJANEYULU] and Staros
International J of Peptide and Protein Res (1987) 30 117-124
After reacting the solid support with the solid phase component any
non- immobilized solid-phase components are removed from the support
by washing and the support-bound component i1s then contacted with a
bioclogical sample suspected of contailning ligand moleties (e g
antibodies toward the immobilized antigens) under suitable binding
conditions After washing to remove any non-bound ligand a
secondary binder moiety is added under suitable binding conditions
wherein the secondary binder is capable of associating selectively
with the bound ligand The presence of the secondary binder can then
be detected using techniques well known in the art

More particularly an ELISA method can be used wherein the wells of
a microtiter plate are coated with a GapC plasmin-binding protein A
biological sample containing or suspected of containing anti-GapcC
plaemin-binding protein immunoglobulin molecules is then added to
the coated wells After a period of incubation sufficlent to allow
antibhody binding to the immobilized antigen the plate (s) can be
washed to remove unbound moleties and a detectably labeled secondary
binding molecule added The secondary binding molecule is allowed to
react with any captured sample antibodies the plate washed and the
presence of the secondary binding molecule detected using methods
well known in the art

Thue in one particular embodiment the presence of bound anti-GapC
plasmin- binding antigen ligands from a biological sample can be
readily detected using a secondary binder comprising an antibody
directed against the antibody ligands A number of anti- bovine
immunoglobulin (Ig) molecules are known in the art which can be
readily conjugated to a detectable enzyme label such as horseradish
percxidase alkaline phosphatase or urease using methods known to
those of skill in the art An appropriate enzyme substrate is then
used to generate a detectable gignal In other related embodiments
competitive-type ELISA techniques can be practiced using methods
known to those skilled in the art

Assays can also be conducted in solution such that the GapC
plasmin-binding proteins and antibodies specific for thoae proteins
form complexes under precipitating conditions 1In one particular
embodiment GapC plasmin-binding proteins can be attached to a solid
phase particle (e g an agarose bead or the like) using coupling
techniques known in the art such as by direct chemical or indirect
coupling The antigen-coated particle is then contacted under
suitable banding conditions with a biological sample suspected of
containing antibodies for the GapC plasmin-binding proteins
Cross-linking between bound antibodies causes the formation of
particle-antigen-antibody complex aggregates which can be
precipitated and separated from the sample using washing and/or



2)

centrifugation The reaction maxture can be analyzed to determine
the presence or absence of antibody-antigen complexes using any of a
number of standard methods such as those [IMMUNODIAGNOSTIC] methods
deacribed above

In yet a further embodiment an immunocaffinity matrix can be
pravided wherein a polyclonal population of antibodies from a
biological sample suspected of contairing anti- GapC plasmin-binding
molecules 18 immobilized to a substrate In this regard an initial
affinity purification of the sample can be carried out using
immobilized antigens The resultant saemple preparation will thus
only contain antil-etreptococcus moleties avoiding potential
nonspecific binding properties in the affinity support A number of
methods of immobilizing immunoglobulins (either intact or in
specific fragments) at high yleld and good retention of antigen
binding activity are known in the art Not being limited by any
particular method immobllized protein A or protein @ can be used to
immobilize immuncglobulins

Accordingly once the immunoglobulin molecules have been immobilized
to provide an immunoaffinity matrix labeled GapC plasmin-binding
proteins are contacted with the bound antibodies under suitable
binding conditions After any non-specifically bound antigen has
been washed from the immuncaffinity support the presence of bound
antigen can be determined by assaying for label using methods known
in the art

Additionally antibodies raised to the GapC plasmin-binding

proteins rather than the Gapl plasmin-binding proteins themselves
can be used in the above-described assays in order to detect the
presence of antibodies to the proteinse in a given sample These
assays are performed essentially as deacribed above and are well
known to those of skill in the art

The above-described assay reagents including the GapC
plasmin-binding proteins or antibodies thereto can be provided in
kite with suitable instructions and other necessary reagents in
order to conduct immunoassays as described above The kit can also
contain depending on the particular immunocassay used suitable
labels and other packaged reagents and materials (1 e wash buffers
and the like) B8Standard immunoassays 8uch as those described above
can be conducted using these kits

Depoaites of Strains Useful in Practicing the Invention A deposit of
biologically pure cultures of the following strains was made with
the American Type Culture Collection 10801 University Boulevard
Managsas Virginia under the provisions of the Budapest Treaty The
accession number indicated was assigned after successful viability
teating and the requisite fees were paid The designated deposita
will be maintained for a period of thirty (30) years from the date
of deposit or for five (5) years after the last request for the
deposit whichever is longer Should a culture become nonviable or
be inadvertently destroyed or 1in the case of plasmid-containing
strains lose its plasmid 1t will be replaced with a viable culture
{(s) of the same taxonomic description

Should there be a discrepancy between the sequence presented in the
present application and the sequence of the gene of interest in the
depogited plasmid due to routine sequencing errore the sequence in
the deposited plasmid controls

Bacterial Plasmid Gene Deposit Date ATCC No

Strain E coll [PET15BGAPC] [GAPC] May 31 2000 PTA-1976 BL21 DE3

[(8 ) dysgalactiae) E coli pMF521c [GAPC] May 31 2000 PTA-1575 BL21
DE3 (8 agalactime) E coli pMF521a gapC May 31 2000 PTA-1573 BL21
DE3 [{(S ] uberis) E [COLI PMF521E GAPC] May 31 2000 PTA-1572 BL21
DE3 [(B ] iniae) 3 EXPERIMENTAL Below are examples of specific
embodiments for carrying out the present invention

The examples are offered for 2llustrative purposes only and are not
intended to limit the scope of the present invention in any way
Bfforts have been made to ensure accuracy with respect to numbers
uged (e g amounts temperatures etc ) but some experimental
error and deviation should of course be allowed for

Materials and Methods Enzymes were purchased from commercial

sources and used according to the manufacturers directions

In the isolation 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 ]
coli DNA polymerase [1I ] Klenow fragment and other biological
reagents can be purchased from commercial suppliers and usged
according to the manufacturers'directions Double stranded DNA
fragments were separated on agarose gels

Bources for chemical reagents generally include Sigma Chemical
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Company Bt

Louis MO Alrich Milwaukee WI Roche Molecular Blochemicala
Indianapolis 1IN

EXAMPLE 1 Preparation Amplification [SEQUENCING | Expression
Purification and Characterization of [THE 8§ DVSGALACTIAE GAPC]
Plasmin Binding Protein [ZALACTIAE] Chromosomal DNA A clinical [8 ]
dyagalactiae isolate from a case of bovine mastitie (ATCC Accession
No ATCC43078) 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 Microbiologicals Missiseauga
Ontario) at [37°] C for [18] hours or in [TODD-HEWITT] broth (Oxoid
Ltd Hampshire England) supplemented with 0 3% yeast extract
(THB-YE) at 37° C 5% CO2

Chromosomal DNA was prepared from [8 ] dysgalactiae grown in 100 ml
[OF THB-YE] supplemented with 20 mM glycine for approximately 6
hours until an [AGOO] of 0 8 to 1 0 was reached Cells were
harvested and re-suspended in 50 mM EDTA 50 mM [TRIS-HCL ] 0 5%
[TWEEN-20&COMMAT 1 (8igma 5t Louis MO) and supplemented with
RNase A (200 mg/ml) proteinase X (20 mg/ml) lysozyme (100 mg/ml)
and mutanolysin (100 mg/ml) (SIGMA B8t Louis MO) Following
bacterial lysis for 30 minutes at 37* C with vigorous shaking
guanidine hydrochloride and [TWEEN-25COMMAT ] 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 Qlagen genomic-tip
100g (Qiagen Santa Clarita CA) and precipitated using 0 7 volumes
of isopropanol The resulting pellet was washed in 70% ethanol and
re-sugpended 1n 0 5 ml 10 mM [TRIS-HCL ] pE 8 8

B Amplification and Cloning of the [8 ] (DVSGALACTZAE GAPC GENE]
The [GAPC] gene was amplified by PCR (See Mullis et a1l U 8
Patent No 4 683 195 Mullis U 8 Patent No 4 683 202 ) The
forward primer gaps contained an Ndel restriction (SEQ ID NO

[1 ] shown in Table 1) and the reverse primer gapClr contained a
[BAMHI]) site (SEQ ID NO 2 shown in Table 1) In the preceding
primer sequences depicted in Table 1 underlining denotea
micleotides added to the original sequence and bolding indicates
the location of restriction endonuclease recognition sites

PCR was carried out using Vent DNA polymerase (New England Biolabs
Mipaissauga ON Canada) 0 7 {JUG) of E dysgalactiae chromosomal
DNA was incubated in a reaction mixture containing (L) LM] of each
of the preceding primers [200 UM] each [OF DATP ] [DTTP ] [DCTP]
and [DGTP ] ([3MM MG@S504 LX] concentration [OF THERMOPOL] buffer (New
England Biolabs Mississauga ON Canadas) and 2 units Vent DNA
polymerase This mixture was incubated for 3 amplification cycles of
1 minute at [94°C ] 3 minutes at [50°C] and minute 10 seconds at
[72°C ] then for27 amplification cycles at 15 seconds at [95°C ] 30
geconds at [55 °C ] and 1 minute at [72°C ] and finally for 1 cycle
of 5 minutes at [72°C }

TABLE 1 Sequence Identification Numbers and Corresponding Nucleotide
and Amino Acid Sequences SEQ ID NO Name Sequence 1 Primer gapCl

5 -0G CGG CGG CAT ATG GTA GTT AAAR GTT GGT ATT AAC GG-3' 2 Primer
gapClr 5 -GC GGA TCC TTA TTT AGC GAT TTT TGC AAA QTA CTC-3 3
Streptococcus dysgalactiae gapC gene (see Figure 1) 4 Streptococcus
dysgalactiae GapC protein 5 Streptococcus agalactiae gaps gene (see
Figure 2) 6 Streptococcus agalactie GapC protein 7 Streptococcus
uberis gapC gene (see Figure 1) Streptococcus uberis {(see Figure 3)
GapC protein 9 Streptococcus parauberis gapC gene (see Figure 4) 10
Streptococcus parauberis GapC protein 11 Btreptococcus iniae gapC
gene (pee Figure 5) 12 Streptococcus 11iiae GapC protein The [GAPC
PCR] product was cloned into the expression vector [PET15B]
{(Novagen Madison WI) which had beern digested with [BAMHI AND
NDEI ] Cloning of the PCR product into thie site results in the
addition of an in-frame coding sequence for a hexahistidyl tag to
the [GAPC] coding sequence Subsequent expression ylelds a
full-length protein with an attached histidine tag which permats
purification of the protein under non-denaturing conditions using
metal chelate chromatography

This construct was used to tranaform E coll BL21 DE3 (Life
Technologies Gaithersburg MD) Thise transformed strain was
designated BL21 DE3 [(PET15BGAPC)] (ATCC No )

C 1Isclation of Chromosomal DNA and Amplification and Cloning [OF
THE ZAPC] Gene from [8 ] [AGALACTIAE 8 UBERIS S8 PARAUBERIS] and
8 [INIAE] The [GAPC] gene were prepared from other isolates
essentially as described above

Chromosomal DNA from 8 ([AGALACTIAE S8 UBERIS ] and [8 ]
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[PARAUBERIB) was isolated from strains obtained from the American
Type Culture Collection [(10801) University Boulevard Manassas VA
20110-2209% strains designated ATCC 27541 9927 and (13386 ]
respectively) Chromosomal DNA from § iniae was i1solated from a
strain designated 9117 obtained from Mount Sinal Hospital
University of Toronto

The primers used to amplify the [GAPC] genes from the Streptococcusa
strains listed above were the same as those used in the case of 5
dysgalactiae 1 e primer [GAPCL] (S8EQ ID NO 1) and primer
[GAPCIR] (BEQ ID NO 2)

After amplification the PCR product in each case was cloned into
PPCR-Seript using the cloning protocol described in the PCR-Script
Amp cloning Kit (Stratagene La Jolla CA) The PCR product insert
was then excised using [NDEI] and [BA7NHI] and re-cloned into those
sites in [PE15B] using conventional cloning protocols (See e g
Sambrook et al [SUPRA ) ] The plasmids containing the S
agalactiae S uberis B parauberis and 8 iniaes were designated
[PMF521C)] (ATCC No ) [PMF521A] (ATCC Wo ) pMF521d (ATCC No ) and
pMF521e (ATCC No } respectively

D Nucleotide Sequence of the [GA 2C] Gene and Deduced Amino Acid
Sequences Sequences homologous to [GAPC OF B EQUISIMILIS] homolog
(Gase et al (1996) European [J OF BIOCHEM 239 42-51)] were
originally identified while sequencing a linked but unrelated gene
of 8 dysgalactiae To obtain the complete sequence of the 3
dyegalactiae gapC gene PCR was employed using the primers described
ahove i e primer gapCl [ANDPRIMERGAPCLR ]

The sequence was determined using fluorescence tag terminators on an
ABI 373 DNA automatic sequencer (Applied Biosystems Emeryville CA)
at the Plant Biotechnology Institute [(PBI ] Saskatoon Canada)
both 1 depicts the coding sequence of the gapC gene from S
dyagalactiae (DysGapC) (SEQ ID NO 3) and the deduced amino acid
sequence (SEQ ID NO 4)

The sequences of the GapC protelns isolated form S agalactiae 8
uberis &8 parauberis and 8 iniae were determined by the same
method

Figures 2 through 5 depict both the nucleotide sequences and the
predicted amino acid sequences for the 5 dysgalactiae GapC protein
(DysgalGapC) (SEQ ID NO 3 and SEQ ID NO 4) a8 well as for the
GapC proteins of 8 agalactiae (AgalGapC) (BEQ ID NO {5] and BEQ
ID NO 6) £ uberis (UberGapC} (BEQ ID NO 7 and SEQ ID NO B)
[8 ) [PARAUBERIB] [(PUBERGAPC)] (SEQ [ID] NO 9 and SEQ ID NO

10) and 8 iniae (IniaeGapC) (SEQ ID NO 11 and SEQ ID NO 12)
reapectively

The § dysgalactlae GapC protein gene depicted in Figures [IA-LB]
codes for & 336 amino acid protein which does not appear to contain
elther a signal sequence or membrane anchor domain A search of the
GenBank database using the BLASTX program revealed that the open
reading frame was 95 5% homolegous to GapC of 8 [EQUIBINZILIS]
{GenBank Accession No X97788) and 99 4% homologous to GapC [OF 8
PYOGENES (GENBANK] Accession No M95569) The predicted amino acid
sequence of the GapC protein also exhibited 43% amino acid identity
to bovine glyceraldehyde-3-phosphate dehydrogenase (GenBank
Accession No [U85042) ]

Similarly £for the [8 ] [AGALACTIAE S UBERIS § PARAUBERIS AND §
INIAR] GapC protein sequences neither signal sequences nor membrane
anchor domains appear to be present

Sequence homologles are tabulated in Table 3

TABLE 2 Seguence Homologies Between Various GapC Protein Sequences
8 equisimilis 8 pyogenes Bovine GAPDE 8 dysgalactiae 95 5% 94 4%
43% 3 agalactie 87 02% 91 07% 8 parauberis 86 31% 90 77% (not
determined) & wuberie 88 39% 52 26% 5 1niae B6 31% B9 BBY E
Expression and Purification of the Recombirnant [5 ) [D] Binding
Protein The Hexahistidyl-tagged GapC protein was expressed and
purified under non- denaturing conditions ueing metal chelate
(N1-NTA) affinity chromatography

E coll BL2l1 DE3 containing the recombinant plasmid was grown in
Luria Broth containing [100 UQ/ML] ampicillin to an [A600 OF]
approximately 0 5 Expression of the GapC protein was then induced
by the addition of 1 mM isopropyl-¢ D-thiogalactoside (IPTG)
{(6igma 5t Louis MO] Feollowing three hours incubation at [37¢C ]
cells were harvested washed in column buffer (50 mM sodium
phosphate buffer pH8 0 0 3 M [NACL ] 10 mM imidazole) and lysed by
sonication

Approximately 40% of the recombinant protein was in the soluble
fraction of the cell [SONICATE] with a yield of approximately 50 mg
of the recombinant protein per litre of culture volume determined



with a DC Protein Assay Kit (Bio-Rad Laboratories Mississauga ON
Canada) using bovine serum albumin (Plerce Rockford 1IL) as a
standard

The lysate was cleared by centrifugation and the soluble fraction
was applied to a [NI-NTA] column {Qlagen) which was subsequently
washed with 10 column volumes of column buffer (as above except
containing 20 mM imidazole) The [HEXAHISTIDYL-TAGGED] GapC was
eluted using column buffer (as above except containing 250 mM
imidazole) yilelding a homogenous protein fraction having a GapC
concentration of 10-15 mg/ml That fraction was dialyzed against
2000 volumes [OF PBSA] (136mM sodium chloride 2 émM potassium
chloride 8 [1MM] sodium phosphate dibasic 1 46 mM potasslum
phosphate monobasic)

F Expression and Purification of Recombinant GapC Protein from 8
[AGALACTIAE ] § [UBERIS S PARAUBERISB] and § iniae Expression
and purification of the recombinant proteins from these
streptococcus specles is accomplished by the same methods described
in Example 1E above The transformed bacterial strains used to
express the 8 [AGALACTIAE S UBERIS 8 PARAUBERIB AND] [8 ]
[INIAE] recombinant GapC proteins were designated BL21 DE3 {pMF521c)
(ATCC No ) BL21 DE3 [(PMF521A)] (ATCC No } BL21 DE3 [(PMF521D)])
(ATCC No ) and BL21 DE3 (pMF521e) (ATCC No ) respectively

G Characterization of the Recombinant [S3 ] [DLS ALACTIAE QUC]
Protein 1 SDS-Page Analysis SDS8-polyaciylamide gel electrophoresis
was performed on a sample of the eluted protein using the method
described by Laemli (Laemli U K (1970) Nature 227 680-685)

The results are presented in Figure 18 In the figure lane 1
molecular weight markers (20 5 to 103 kDa range BioRad
Laboratories Emeryville CA) lane 2 soluble recombinant [8 ]
dysgalactiae GapC protein purified by [NI-NTA] affinity
chromatography

These results demonstrate that purification by affinity
chromatography on a [NI-NTA] column ylelded a homogenous protein
fraction

2 [GLYCERALDEHVDE-3-PHOSPHATE DEHYDROGENASE (GAPDH)} ACTIVITY OF)
recombinant GapC and [8 ] [DVBGALACTIAE WHOLE CELLE] GAFDH catalyzes
the oxidative phosphorylation of D-glyceraldehyde-3-phosphate to

1 3-diphosphoglycerate in the presence of NAD and inorganic
phosphate The high degree of homology of GapC to streptococcal
glyceraldehyde-3-phosphate dehydrogenase suggested that GapC may
exhibit this enzyme activity

The GAPDH activity of 8§ dysgalactiae whole cells [(101°] [CFIJ)]
and the recombinant GapC protein was determined by measuring the
reduction of NAD to NADH The assay buffer was composed of 40 mM
triethanolamine 50 mM Na2 [HOPO4 AN] 5 mM EDTA pH 6 8 §
dysgalactiae cells or 5 mg of purified recombinant protein were
incubated in assay buffer containing 7 ml glyceraldehyde-3-phosphate
{49 [MG/ML] Sigma Chemical Company)} 75 microliters [NAD+] (15 mM
Sigma Chemical Company} in a final volume of 1 ml

Negative contreols consisted of samples which did not contain
glyeraldehyde-3-phosphate or the recombinant GapC molecule/S
dysgalactiae cells The reduction [OF NAD+ TO] NADH was monitored
spectrophotometrically at an Absorbance of 340 nanometers

The results indicated that both the recombinant protein as well as
intact wild-type [5 ] dysgalactiea cells had enzymatic activity (not
shown) Furthermore when § dysgalactiae cells were treated with
Trypsin to digest surface proteins OAPDH activity disappeared

Thus the enzymatic activity observed for the intact wild type cells
was not due to intracellular GAPDH

This data suggests that the GapC protein is localized on the cell
surface despite the apparent lack of either a signal sequence or a
membrane anchoring region in either the nucleotide or amino acid

3 Plasmin-Binding Activity of Recombinant {S ] [DESGALACTIAE] GapC
Plasmin [BINDING PROTEIN AND § DVSGALACTIAE] whole cells

A [MICROPLATE] assay was used to determine i1f the recombinant GapC
protein was capable of binding bovine plasmin and if so whether the
bound plasmin was in an enzymatically active form

Ninety-six-well microtiter plates were coated with 5 mg of purified
recombinant GapC protein washed 3 times with 0 1% gelatin-PRSA with
0 05% TWEEN-20 (PBSGQT)

The wells were blocked for ome hour at 37° C in the same buffer
washed and incubated with 200 ml of bovine plasmin {0 25mg/ml
[BOEHRINGER] Mannheim Indianapolis IN) for 1 hr at [37° C ] The
wells were then washed 8 times with PBSGT 200 ml of the synthetic
substrate chromazine-PL (Tos-Gly-Pro-Lys-4-NA 0 3 mg/ml) were added
to the wells and incubated at 37° C for one hour The presence of
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associated plasmin activity was determined by measuring the level
ofparanitroanalide (4-nitraniline) released into the supernatant and
detected based on an Absorbance of 405 nanometers A similar
procedure was used to measure plasmin-binding activity of 8
dyagalactiae whole cells with the exception that [101° CELLS] were
washed with PBEGT and re-suspended in (400] (UL] chromazine- PL

(0 3mg/ml) and incubated for 1 hour at [37°C ]

The results shown in Figure 19 demonstrate that the purified
recombinant protein was capable of binding enymatically active
bovine plasmin Likewise when [5 ] dysgalactiae whole cells were
utilized similar results were cbtained 1In the figure the data
represents the mean of three individual assays

Thus the plasmin-receptor is located on the surface of 8
dysgalactiae and the purified protein retains biological activity
EXAMPLE 2 [IMMUNIZATION WITH 8 DVSGALACTIAE GAPC] and experimental
anfection of cattle Vaccines were fornmlated in such a fashion that
they contained 50 mg/ml of affinity purified recombinant GapC in the
oil-based adjuvant VSA3 (VIDO Saskatoon Saskatchewan Canada)

VSA3 18 a combination [OF EMULSIGEN PLUS] (MVP Laboratories

Ralston Nebraska) and Dimethyldioctadecyl ammonium bromide (Kodak
Rochester New York) The affinity-purified recombinant GapC protean
used for the vaccine preparation is shown in Figure 18

Twenty-four non-lactating Holsteins with no history of S5
dysgalactiae infection were obtained from various farms in
Saskatchewan Canada One week prior to vaccination all animals
were treated with [CEPHA-DRY] (Ayerst Laboratories Montreal

Canada) (300 mg per quarter) in order to clear any infection of the
uddexrs prior to the vaccination step

Groups of & animals were immunized [SUBCUTANEOUSLY] with two doses
of vaccines containing [E DYSGALACTIAE] GapC Mig (an Fc receptor
protein isolated from § dysgalactiae which was evaluated
elmultaneously) or a placebo with a three-week interval between
immnizations Two weeks following the second immunization animals
were exposed to 650 colony forming unite of [S ) dysgalactiae
delivered into three quarters with an udder infusion canula The
fourth quarter on each animal served as an un-infective control

All animals were examined daily for clinical signe of disease and
samples from all udder quarters were collected on each day Samples
were observed for consmistency and somatic cell counts as well as
bacterial numbers were determined

EXAMPLE 3 Determination of GapC-specific Antibodies GapC-specific
antibodies in bovine serum were measured using an enzyme-linked
immurnosorbent assay (ELISA) Briefly microtiter plates (NUNC
Naperville 1Illinois) were coated by adding 1 microgram per well
purified recombinant antigen in 50mM sodium carbonate buffer pH

9 € and incubated overnight at [4° C ] The liquid was removed and
the wells were blocked with 3% bovine serum albumin for 1 lu at [37°®
C ] Serial dilutions of bovine serum {(from 1 in 4 to 1 in 6 400)
were then added to the wells and incubated for 2 hours at room
temperature The wells were aspirated washed and incubated wath 100
ml of alkaline phosphatase-conjugated goat anti-bovine IgG
{(Kirkgaard & Perry Laboratories Inc Gaithersburg MD) for 1 hr at
room temperature The wells were washed again and 100 [U L
OFP-NITROPHCNOL] phosphate (SIGMA Bt Louis MO) was added aB a
substrate to detect alkaline phosphatase activity The absorbance at
405 nanometers was recorded following 1 hr incubation with the
substrate at room temperature

Where referred to in the figures the specific antibody titer is
expressed as the reciprocal of the dilution showing activity above
background levels

EXAMPLE 4 Bacterial Colonization Bacteria were enumerated by
spreading serial dilutioms [(10® TO 10-3)] directly onto TSA sheep
blood agar plates followed by overnight incubation at ([37°C ] s%

co2

Colonizgation is defined as »>500 [CFU/ML] of the challenge organiem
recovered

To confirm that the bacteria recovered from milk secretions were

[8 ] dyegalactiae selected colonies recovered from each animal were
tested using an API strep-20 test [{BIOMERIEUX] SA Hazelwood
Missourl) according to the manufacturer s instructions This test is
a standardized method combining 20 biochemical tests for the
determination of enzymatic activity and fermentation of sugars The
reactions are read according to a reading table and the
identification 18 obtained by either referring to the analytical
prefile index or using identification software

Following challenge animals from all groups were shown to be



colonized by B dysgalactiae (Figure 20) Only the GapC-immunized
cows had a statistically significant reduction in the number of
infected quarters and total numbers of bacteria isolated per
quarter Therefore immunization with GapC reduced bacterial
colonization following challenge with § dysgalactiae

The relationship between anti-GapC titer and bacterial colonization
is shown in Figures 21 and 22 There was a strong correlation
between anti-GapC eerum antibody level and the meximum number of
bacteria (expressed in [CFU] [(LOG10)/ML] milk) found an any quarter
r « 0 74) (Figure 21) as well as the total number of infected
quarters [(R = 0 74)] (Figure 22) Correlation was calculated using
GraphPad Prism software version 2 01 (GraphPad Scftware Inc San
Diego California)

Thie correlation is also illustrated in Figure 23 and 24 where the
GapC-immunized group is subdivided into high titer and low titer
responders In these figures "low titer responders refer to the four
animals with the poorest response against GapC while high titer
responders refer to the remainder of the group No colonization
occurred in the high titer group while even the low titer group
showed reduced numbers of bacteria recovered after day 3

EXAMPLE 5 Determination of inflammatory response Inflammatory
response wag measured as a function of somatic cell count (1 e
lymphocytes neutrophila and monocytes) BScomatic cell counts were
measured in a Coulter counter using standard techniques as
recommended by Agriculture and Agri-Food Canada Pamphlet IDF50B
{1985) [MILK AND MILKPRODUCTS--METHODS OF SAMPLING SAMPLES WERE]
always read within 48 hours of collection and fixation at days 1
through 7 post challenge

The numbers of somatic cells present in the gland was [DETERMINED]
on each day post challenge Numbers from the unchallenged quarter
remained constant throughout the trial while on day 1 the GapC
group was lower than the placebo-immunized group (Figure 25)

The difference between the GapC and the placebo groups was
statistically significant The indivaidual data from day 1 is shown
in Figure 26 data for GapC-treated animals over a 7 day period
post-challenge 18 shown in Figure 27 Samples from the quarters of
GapC- immunized animals were indistinguishable from unchallenged
quarters

Therefore i1mmunization with GapC reduced the inflammatory response
following challenge with 8 dysgalactiae

EXAMPLE 6 Cross-protection against [S ] [UBERIS) infection During
the last 3 days of the vaccine trial a mixed population of bacteria
were recovered from the mammary gland secretions Further analysis
with the API 20 Strep test confirmed the identity of the strains
present in the mixture as 8§ dysgalactiae and [S§ ] uberis the
latter representing a natural infection which occurred during the
trial The group which was immunized with GapC appeared to be
significantly cross-protected against [8 ] [UBERIS] colonization
(see Figure 20) indicating that GapC may be a broadly
crosg-protective antigen capable of protecting against infection by
multiple Streptococcal species

Thus vaccination with & dysgalactiae GapC 1s therefore capable of
providing cross- protection against 8 uberis infection
kkkbkErwk kbbb bbbkt kb Thuyg the clonlng expre.sion and
characterization of various GapC plasmin binding proteins is
disclosed as are methods of using the same Although preferred
embodiments of the subject invention have been described in scme
detail it 18 understood that obvious variations can be made without
departing from the spirit and the scope of the invention as defined
by the appended claims

Description Claims

EDOCL LA= EN »

What ies claimed 18 1 An isolated GapC protein selected from the
group consisting [OF ] (a) an isolated Btreptococcus dysgalactiae
GapC protein comprising the amino acid sequence shown at amino acid
positions 1 to 336 inclusive of Figure [IA-IB] (SEQ ID NO 4)

(b} an isolated Btreptococcus agalactiae GapC protein compriping the
amino acid sequence shown at amino acid positions 1 to 336

inclusive of Figqures 2A-2B (SEQ ID NO 6) {c) an isolated
Streptococcus uberis GapC protein comprising the amino acid sequence
shown at amino acid positions 1 to 336 inclusive of Figures 3A-3B
(BBRQ ID NO 8} (d) an isolated Streptococcus parauberis GapC
protein comprising the amino acid sequence phown at amine acid
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positions 1 to 336 inclusive of Figures 4A-4B (SEQ ID NO 10)

{e) an isolated Streptococcus [INIAE] GapC protein comprising the
amino acid sequence shown at amino acid poeitions 1 to 336

inclusive of Figures [5A-5B] (8EQ ID NO 12) and [(F)]
immnogenic fragments of (a) (b) (¢) (d) and {(e) comprising at
least about 5 amino acids

2 The isolated GapC protein of claim 1 wherein the protein is a
Streptococcus dysgalactiae GapC protein comprising the amino acid
sequence shown at amino acid positions 1 to 336 inclusive of
Figures [IA-IB] (SEQ ID NO 4)

3 The isolated GapC protein of claim 1 wherein the protein is a
Streptococcus agalactie GapC protein comprising the amino acid
sequence shown at amino acid positions 1 to 336 Iinclusive of
Figures 2A-2B (SEQ ID NO 6)

4 The isolated GapC protein of claim 1 wherein the protein i1s a
Btreptococcus uberis GapC protein comprising the amino acid sequence
shown at amino acid positions 1 to 336 inclusive of Figures 3A-3B
(SEQ ID NO 8 1

5 The isolated GapC protein of claim [1 ] wherein the protein 1s a
Streptococcus parauberis GapC protean comprising the amino acid
sequence shown at amino acid positions 1 to 336 inclusive of
Figures 4A-4B (SEQ ID NO 10}

6 The isolated GapC protein of claim [1 ] wherein the protein is a
Streptococcus ([I7ZIAE] GapC protein comprieing the amino acid
sequence shown at amino acid poaitions 1 to (336 ] inclusive of
Figqures [5A-5B] {(BEQ ID NO 12)

7 An isclated polynucleotide comprising a coding sequence for an
1soclated GapC protein according to any of claims 1-6 or complements
thereof

8 A recombinant vector comprising (a) the isolated polynuclectide
of claim 7 and (b} at least one heterologous control element
operably linked to sald isolated polynucleotide whereby said coding
sequence can be transcribed and translated in a host cell and at
least one of said control elements is heterologous to said coding
segquence

9 A host cell comprising the recombinant vector of claim 8

10 A method for producing a GapC protein said method comprising
culturing the cells of claim 9 under conditions for producing said
protein

11 A vaccine composition comprising a [PHARMACEUTICALLY] acceptable
vehicle and a GapC protein wherean said GapC preotein is gelected
from the group conslsting of (a) a Btreptococcus dysgalactiae GapC
protein compraising the amino acid sequence shown at amino acid
positions 1 to 336 inclusive of Figures [1A-1B] (SEQ ID NO 4)

(b) a Btreptococcus agalactie @GapC protein comprising the amino acid
sequence shown at amino acid positions 1 to 336 inclusive of
Fiqures 2A-2B (BEQ ID NO 6) [(C)] a Streptococcus uberis GapC
protein comprising the amino acid sequence shown at amino acid
positions 1 to 336 inclusive of Figures 3A-3B (SEQ ID NO 8) (d)
a Streptococcus parauberis GapC protein comprising the amino acid
sequence shown at amino acid positions 1 to [336 ] inclusive of
Figures 4A-4B (SEQ ID NO 10) (e) a Btreptococcus inlae GapC
protein comprising the amino acid sequence shown at amino acid
positions [1] to [336 ] inclusive of Figures [S5A-5B] ({(SEQ ID NO

12) [(F)] a Streptococcus GapC protein having at least about 70%
sequence ldentity to (a) (b) (e} {(d) and {e) and (g) immunogenic
fragments of (a) (b) (¢) (d) (e) and [(F) ] sald fragments
comprising at least about 5 amino acids

12 The vaccine composition of claim 11 wherein said GapC protein
compripes the amino acid sequence of the Btreptococcus dysgalactiae
GapC protein depicted at amino acid positions 1 to 336 inclusive
of Figures [1A-1B] {8EQ ID NO 4) or an immunogenic fragment
thereof sald fragment comprising at least about 5 amino acids

13 The vaccine composition of claim 13 wherein said GapC protein
comprises the amino acid sequence depicted at amino acid position 1
to 336 inclusive of Figures [1A-1B] (SEQ ID NO 4)

14 The vaccine composition of claim 11 wherein sald GapC protein
comprises the amino acid sequence of the Btreptococcus agalactie
GapC protein depicted at amino acid poaitions 1 to 336 inclusive

of Pigures [2A-2B] (SEQ ID NO 6) or an immunogenic fragment
thereof sald fragment comprising at least about 5 amino acids

15 The vaccine composition of claim 14 wherein said GapC protean
comprises the amino acid sequence depicted at amino acid positions 1
to [336 ] inclusive of Figures 2A-2B (BEQ ID NO &)

16 The vaccine composition of claim 11 wherein said GapC protein
comprises the amino acid sequence of the Btreptococcus uberis GapC



protein depicted at amino acid positions 1 to 336 inclusive of
Figures 3A-3B (S8EQ ID NO B8) orxr an immunogenic fragment thereof
said fragment comprising at least about 5 aminc acids

17 The vaccine composition of claim 16 wherein said GapC protein
compriges the amino acid sequence depicted at amino acid positions 1
to 336 inclueive of Figures 3A-3B (S8EQ ID NO 8)

18 The vaccine composition of claim 11 wherein said GapC protein
comprigses the amino acid sequence of the Streptococcus parauberis
GapC protein depicted at amino acid positions 1 to 336 inclusive
of Figures 4A-4B (SEQ ID NO 10) or an immnogenic fragment
thereof said fragment comprising at least about 5 amino acids

19 The vaccine composition of claim 18 wherein saild GapC protein
comprises the amino acid sequence depicted at amino acid positions 1
to 336 inclusive of Figures 4A-4B (SEQ ID NO 10)

20 The vaccine composition of claim 11 wherein sald GapC protein
compriges the amino acid sequence of the Streptococcus iniae GapC
protein depicted at amino acid positions 1 to [336 ] inclusive of
Figures [S5A-5B] (SEQ ID NO 12) or an immmogenic fragment thereof
sald fragment comprising at least about 5 amino acids

21 The vaccine composition of claim 20 wherein sald GapC protein
comprises the amino acid sequence depicted at amaino acid positions 1
to 336 inclusive of Figures [S5A-5B] (S8EQ ID NO  12)

22 The vaccine composition according to any of claims 11-21
further comprieing an adjuvant

23 A method of producing a vaccine composition comprising the steps
of (1) providing a GapC protein or an immunogenic fragment thereof
said fragment comprising at least about 5 amino acids and (2)
combining said protein with a pharmaceutically acceptable vehicle
24 The method of claim 23 wherein the GapC protein is the protein
of any of claims 1-§

25 Antibodies directed against the i1solated GapC protein of any of
claims 1-6

26 The antibodies of claim 25 wherein said antibodies are
polyclonal

27 The antibodies of claim 25 wherein saird antibodies are
monoclonal

28 Use of a GapC protein according to any of claims 1-6 in the
manufacture of a vaccine composition useful for treating or
preventing a bacterial infection in a vertebrate subject

29 The use of claim 28 wherein sald bacterial infection is a
streptococcus infection

30 The use of claim 29 wherein sald bacterial infection causes
mastitis

[31 ] Use of a polynucleotide according to claim 7 in the
manufacture of a vaccine composition for treating or preventing a
bacterial infection in a vertebrate subject

32 The use of claim [31 ] wherein said bacterial infection 1s a
atreptococcal infection

33 The use of claim 32 wherein said bacterial infection causes
mastitis

34 Use of a GapC protein in the manufacture of a diagnostic reagent
for detecting Streptococcus antibodies in a biological sample

35 Use of a GapC protein according to any of claims 1-6 in the
manufacture of a diagnostic reagent for detecting Streptococcus
antibodies in a biclogical sample

36 Use of antibodies according to any of claims 25-27 in the
manufacture of a diagnostic reagent for detecting a GapC protein in
a biological sample

37 An irnmunodiagnostic test kit for detecting Btreptococcus
infection said test kit comprising a GapC protein and instructiona
for conducting the [IMMUNODIAGNOSTIC] test

[38 } An [IMMUNODIAGNOSTIC] test kit for detecting Streptococcus
infection said test kit comprising antibodies directed against a
GapC protein and instructiomns for conducting the [IMMUNODIAGNOSTIC]
test

39 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 11-22

40 The method of claim 39 wherein said bacterial infection is a
streptococcus infection

41 The method of claim 40 wherein sald bacterial infection causes
mastitis

42 A method of treating or preventing a bacterial infection in a
vertebrate subject comprieing administering to sald subject a
therapeutically effective amount of a polynucleotide according to



claim 7

43 The method of claim 42 wherein said bacterial infection is a
streptococcal infection

44 The method of claim 43 wherein said bacterial infection causes
mastitis

45 A method of detecting Streptococcus antibodies in a biological
sample comprising (a) reacting said biological sample with an
ipolated GapC protein under conditions which allow saild
Streptococcus antibodies when present in the biological sample to
bind to said GapC protein to form an antibody/antigen complex and
(b) detecting the presence or absence of said complex thereby
detecting the presence or absence of Streptococcus antibodies in
said sample

46 A method of detecting Streptococcus antibodies 1n a blological
gpample comprising {a) reacting said biological sample with an
isolated GapC protein according to any of claims 1-6 under
conditions which allow said Streptococcus antibodies when present
in the bioclogical sample to bind to said GapC protein to form an
antibody/antigen complex and (b) detecting the presence or absence
of sald complex thereby detecting the presence or absence of
Streptococcus antibodies in said sample

47 A method of detecting a GQapC protein in a biological sample
comprising (a) reacting said sample with antibodies directed
againset the GapC protein under conditions which allow said
antibodies to bind to said GapC protein when present in the sample
to form an [ANTIBODY/ANTIGEN] complex and (b) detecting the
presence or absence of said complex thereby detecting the presence
or abeence of a GapC protein in said sample

Description Claima
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Nume: snd omiling a-iefreny of the IPEAS Anthorrved ofSeer
D4R b
]
Tal {v49-89) 2399-0 Tx- 513658 eprou d FTNKAARA A
Fro_ (4929} 21994265 Tel (vadsy s

= PCT/IPEARCY {fuly 1998) F20452 1 }

- —~TAeE - o —-'F' = = T QO 2 TR W_W- -



UeL-0i=il i &

rROM-G0W (NG

i 363-i%al =ik p A FIN

‘ HRTENT COOPERATION TREATY =

From the INTERNATIONAL SEARCHING AUTHORITY

PCT

/4

Te
GHLIN LIFLEUR EERSON i ATeCTOu ML
tn Erra U
160 Elgin StFeet,Kigifgazsoo OR THE DECLARATION
gg;g: Ontario (PCT Rule 44.1)
Daym of meiing
T o o). _01/03/2002
Applcanta or aganr's fis rlarence
08-891814K0 FOR FURTHER ACTION  So¢ paragrapns 1 and 4 baow
irsemadonal appdeaton No. Imematons! N 42
PCT/CA 01/00838 (axyrmonevyear) 11/06/2001
Agpican

UNIVERSITY OF SASKATCHEWAN

1 [X] Tne appiicant s heraby nofified mat the imsmetonal Searcn Report hes basn esmbished and is Ireiaminad herewim,
Fling of amandmants and sishmant under Article 19:
Tne appiicart s antoed, if ha uq wishas, b amend the cleims of e iramesonal Appicaton (ses RLulg 45)

When? Tne cme gmi for &uch amancmants s nermaly 2 mondns from v dia of tansminal of ma
mmationa) Sanren NOWSVEr 10F Mova datalls, 666 1he Ncié On the RICOMPaANYING SNAEL.

Whare” Direciyto e  nsmasianal Buresy of WIPO
34, shermin dias Calnenbenes
1211 Gengva 20, Swiceriang
Fesdimiia No_ (41-82) 740,1435
Far mors deieiled Instructions 588 Mo RotSs 0N the accampanying ehest

2 The s horeby nodfied TtnG IneMENoned Saarch Report wil be sstabiahed ana mathe ASCRLANAA unaer
Arccle 17¢2){a) 1o that sitect is yansmined  nrewin he

3 [T] whn regand tn the protest aganst payment of (en) accivonal ine(s) urcier Rule 40.2 ™6 apglican ra noufiea At

T\A pUtBST Ingamar wih Tia decision tnerean has 5bean munkmimas © tha intenational Buredy tagemer whn he
D appuiosn § fGuER 0 larward the o of Hot T POE e M ceckean MM & the aesgnERa Offices.

[ no decision nas bean made yet on me prowet; e appiicantwil ba notfiac & soan as a cecision @ mede.

4 Further actioniz): The applicmt s reminded of e kdowing:

Sherty afer 18 months trom tha priority dale e ieematonal appicairon
Hme agnEcRn wishss w1 avola or Publinton & noae of windrawel of ha Inernabom;

pasgong
clayn Puist reach me inemancra! Supedur &4
pricrity T fuch 2 r proviced in Rulas 001 mdmnlm:wnm

e B B o R T Y T, T s s oo viorey cims 0 Sorme Cfces swery B37)

Witnin 20 months frora tha prioriyy das 8 Rppiicant Must parfsim the Arearringd 2028 for anTY (N0 0 Naliorl prase
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Nate manded ko ghve the basto Inatrucions conoemng the fling of anendments under ardiae 13 Tha
anhl: hau.d::hu vecpatemens of the Patert Coaperaion Treaty the Regulstons and the Admnmtratwe insinsaens
uncear Dt Troxty In casa of discrepanty baowean these Noles and thoss requasments, ihe [ntier wre spplicabls For mare
deleiied ifkxmation ses alse the PCT Appicard's Gande & publicaton of WIPO.

in thesa Notes, Aticla “Fuie ,and Geclion® refer io hepronson of the PCT the PCT Raguistions and the POT
Acminmtrative inaructions

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The appicant hes after hoving recuivad ha inlemalisnal swarch tapart, ene 0 amend the alsims of the
wiamational spphiostien. & shoukd hewever be enphaalzad that sinoe ol purty wm [elaem
RGN RIS AN RS R ] L RETEEN AT | TN BT ) [T w---- - . .
:h;:-dms’:ﬂcn-m-:&—.m hﬂh‘hﬂlﬁlﬂ plaulic
Fusthermore & ahwuld we smphasized that provisional prebection & eveliabls in sorme Stades only

Wit parts of the international applicelian may be amended?
Undur Astinle 18, anly the alayme may da amendad.
g.munmmm the alehve may aisa be amended (or furthver amended) urier Atlisla 34 brjers

Prafomnasy Exambwng Authorly The descriplion ard drswings be amended unier
Artisle 34 hafore the inlermasional Examining Authorlly meyork

inio the ol of the Intemalional under Article 28
:.'lpnui-y ndiu-lg‘nu pats sppiioshon may be amended

dats wnisheover Srme Emi o & whould be nolwd, however thet the sonsiderad
& having bheen recsived an il they are rewtived by the Intemational Sureas afier the exgxration ol the
sppiicable time dma but befors the of preparaticen for inlamabonal
(Rus 48.1)

Whete nol to e the amendments ?
The amendments be fiad with the irdemabxnal Euresy and not recelving Otfies
kst siveen iy i wahthe orme

Whara & demand for inlarnaienal prefmnary ssennaiion Nas heands Bad, see below

Howr? Ehar onkre
“'mmwm duma by adding one ormer aew clams or by amancing the test of

A replacement shvasl st be subtmitied jor asch shest of the denn w| acooum amendmer
amuncdimants, diffors dom the sheet orgnally led. hesh,on of e il

Mhmq’l m m:'deh:Mhm“nkﬁnMMIﬁnh
:l-l renum olaims o fequirer]. omas whare cleme sre ranumbaned, they mast
The seaarvimants mist be avasle in the isnguage i which the inemvationsl applicesion ls t be puiiishad.,

Whal duciments mustnay scoompuny the aswndmente?
Latear (Seclian 205(b})
The amencmanis nust be submited with a letier

mbﬂuﬂmuwﬁhﬂwﬁhlﬁmﬂ“nﬂhnﬁdd&n shotd nct ba
confused wih e Slatement unter Artcis 19(5)" (see below m‘ﬁnmu*kﬁLﬂ(‘lj’T

Tha ieetet st be in Engfish ar Franah, w the chelco of the Howaver [t the lsnguage of the
interrtionsl apulication is Englieh, the letter must E# tanguage infernationsl appliostion
ummwmumﬁ-ﬁ? fein e otthe
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The Inter marat qiicate the difereraes batwamn e caima a1 fled awd tve claima as apanded. K nust n
inckeata, in connection with sach slasm sgpesnng m the irtamebana! sppiication (R ey urdersiood
Mdndﬂnddmmlmﬂm”hpm

E

1]

)]

() the olam & new
() tha claim rpisass one or more daims as Sed

{v} the claim is the result of the divieon of & olalm as Sisd

wnme—Tha following sximpien Biustrete tha smnoer.in erhich smendments musthe explaiosd nthe
antcompanyitg fettar-

aro originally B clsima amandmant of ol claima there e 11
x &nihﬁnﬂhq:-r“ MH we1ir
{Whem ariginatly thars were 14 clasns and the sendmenta censist in saroeliing some clexns and in adding

d mma)
‘Udnllhiullﬂ wlniime 7 to 13 eanealincd, now slwerm 19, 16 and 17 addad. or
:m"”:"nﬁmm u-utnuul. s' claarws unchanged.

p

119 1"013 llﬂi!ﬂﬂmlqﬁﬂﬂgﬂh‘m
d.ll"‘“ll 17w diuﬁ.ﬁllﬂ? now alsirma 20 ape]

“Statement under articis 18{1)" (Fusle 48.4)

amandmaents may be scoampanied axplaining the amendments snd indlenling ey Impact
mTFMMMmhwWﬂNMMH-I::mﬁm

The siatatment wht be publishrd with the inlemetionsl appicetion and tha amerxiad clasts.
% must be n the lsnguege in which the tnternationsl spppiication is to be published
ot tee brie! ot exaneding 500 worsds If s English or f anslated e Englsh.

nu—umummuhnwum the diisrences batween e cluma

& flod ard as snended. & must be Bedona b cdorgified a8 such haading

prajarabiy tyy unog the words "Blabanvers under -::um. bra

] not cortan any conments wn the rismelional essrsh rapart or the ralsvance of edations
in thatt report. hdﬂqu.nhmlhldnnahn uulr:dinhumuﬂum

repart may be made anly v connection with an amencment of

Censesuence if & demarnd for intermationsl preliminary sxsmination has aiready baen Slecd
M ot thw time of any amandmenta wnder Artals 1 mnmw-ﬂnﬂﬁn
han siready bean hh":wm&;'.:n“h“m smendmenta with the
MMMM(&H&M}. .

Conasquenca with regand to trenstation of the intermational application fay entry ieia the netlanal phase

Iﬂhlll'h ~ fonldivad ok
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(Form PCTABAZ220) a8 web apphcacis, ham S bic
08-891814W0 ACTION HTEIRE e maswee
TRamAIona) appicazion No. TRETatona fRng GAD (aRymortvyesr; | (CAest) Pricety Dam fanyfanavysar;
PCT/CA 01/ 00838 11/06/2001 12/06/2000
e
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Tris inmmational Search Reponcangisisofatmiof 4 gheem
[X] iineieo aceompaned by & 0opy of aacn prioe art secument cimd [n s mgart

1 Basls of the report
£ Wit fegand o I isngreags, 38 usmatonal saach wes SErisd out o0 18 S838 of 518 Ntsmatonl appoation
Rnpuage i which i was fiad, uniess otarwisn inceanad undsr pus kem - Fine

e internanonsl SHarcH was carrisd out of e basle of
dhratprisi A tranalation of the Inmmasana) nppiicaton fumished o tus

b, wma mm“ -ngm-mmnHMhl—ln-mm SPALASEAA Pl It ARt S ——
comuined in e insematonal appication in wiittan form.

fiac igethar with the mmatons! appilcaon I conputhr mscabls form.
-— Sy - wwws Pk
fumiando Subaequanty 1 e Aumofiy i) compumy readble fomm
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Cartaln clsims were found unsearchable (Ses Box |)
Unlty of invantion Js iasking (3ne Bax 1)

0 O OO0

[] tnewanas seen exetishea ay this Authorty © read s fosows.

3 Wih mgari v th abstract,

[X] =owaneppovedas mtmined by the spicant

tha w1 IS Baan e6abiined, according 0.2, Authortty as &t sp0oass applcant
wmmnmmuuﬂm«mm&'-mmﬂﬂ?nnmmﬁg Tmm nd

& The tigurs of the drawings 1 be pubinad with ma abewectis Figure No i
[X] s sugoosen by e mopscant. [0 noneoite igume.
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A. CLASSIMCATION OF T HMATTER

IPC 7 ca7x1475'1'5: C12N15/31  C12N15/70  Cl2N1/21 A51K39/09
Ca7¢16/12  AS1P31/04  A61K31/7083 GOIN33/569 &0IN33/577
601N33/68

Py et st gttt Pt Conbeiaceen o0y Sl v ity s O

. B. MELDS SPARCHED

ANkt GRCLMANIIION SARTENSY (cesscfioatian ayStan folowen Dy CREMECRION SYMODIS)
IPC 7 COZK

Documerzazon saamned OMOr AR MENSTIUM GoCumMeaion 10 Lhe SLerd Uit soch SODERSNTS AN NCRIONS (8 §h Ndlos Saarchad

Emcions GSA baas consued duting Té inlemxtiond) Satreh tnafm of dask hase and, wian praciical, ssarch lenms uDea)

— | BIOSIS, EMBASE, WFI Data, PAJ, EPO-Fnterpal, SEQUENCE SEARCH

€, DOCUMENTS CONSIDERED TO BE RELEVANT

Camgory | Clumon of v, with incicution, wivere sppyopnumm, of e rvieret pussspcs SOV (% CHNT NG,
A WO 98 18930 A (HUMAN GENOME SCIENCES) 1-47

7 May 1998 (1998-05-07)

§eq id no 54
A K GASE ET AL "Clening, sequening and 1-47

muitifunctional overexpression of the
Streptococcus equisimilis H46A gapC gene
encoding a glyceraldehyde-3-phosphate
dehydrogenase that also functions as a
plasmin{ogen)-binding protein
Purification and biochemical
characteri{zation of the protein
EUROPEAN JOURNAL OF BIOCHEMISTRY

vol 238 no 1, 1 July 1996 (1995-07-01),
pages 42-51, XP001053701

Ber1in, Germany

abstract
./..._
m Futher gscumenys are e i e comunusaian of bex C. [g Paters Rerally memiere are fiad Iy aaL
e s 1 o owns T e e S g ous
A mwgm.—iudm an wiich 5 ax £ 10 epplarSRAt Vi prINCION O THSOFY ENOSTEYIG D
§iing e N0t 06 CORSINNNNT Rovel &f CRnool be constared 1B
L S0 which mity tnmer couDts of) (Tdmy CONmEN) o fnwolve &N Mveniive SiEp WHEN NG qocunent B TAKeN Anna
Wwheh 8 ched & esiatien the punication cie of snoihar Y socuma of paticultr MISDCN I Citmey iveszon
clinten or other Spactl /aaS0n (A9 spicfucd) CRADG Bt O 1 viten SN WRDAIVE CI0D WG T8
"0 oM MENTOQ 10 &A erkt GCionaY. ie  suhintion or dacumet I COMING] weill TS OF Mine GMAr Eich Goeu—
ottt Moy monee, sacn comoinetion Séng obwtus 10 & perton skided
" docenen prior 10 T Intemarionat Sing duss byt Inthe &
e oan th priaviry dare ckimed 4 cacament semoer of the SAMS phien tay
Duze or e actual cappiaton of tha eRemEIINS search Duis of muiing of e teammations) $earen rapor
19 February 2002 01/03/2002
dtam - dma - —— S Ep— L
3 s —
1 Fax H31-72) 0-3014 Hepent NoolJ, F
Faup PCTABA/ZID tvacare: shouty tany 9980
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C{Cominuacion} DOCUKENTS CONSIDER=D TO RE AELEVANT

Camgery | Ciaton Of SODENANE, wil) INCAIGN WMKD AFOanEe. & 1Y relSvan: pasmges

Ravars to ciam No.

A Us 6 328 996 A (BOYLE ET AL )
12 July 1994 (1994-07-12)
cited 1n the application
examples

A WO 96 41879 A (UNIVERSITY OF SASKATCHEWAN)
27 December 1996 (1996-12-27)

cited 1n the applicatian

examples

claims

1-47

1-47

A WO 99 42588 A (BIOCHEM VACCINS INC ET
AL ) 26 August 1999 (1999-08-26)
axamples

clatms

A J FINCH ET AL "Further studies on the
efficacy of a 1ive vaceine against
mastitis caused by Streptococcus uberis "
VACCINE,

vol 15 no 10, July 1997 (1997-07)
pages 1138-1143, XPD040B5975

Gufldford GB

the whole document

1-47
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Box| Obsarvations where certain clalms were found unsearchable (Continuation of em 1 of first sheet)

Tnis Intama Jonal Saarcn Rapert hasnot been astabishad in respect of ceroun claima undar Ardcls 17{2)(a) kr tha feilowing raasons.

1 Clalms Nos.
bétause they mima to suBject MA%S’ NOT rAquid to ba saarchad by s Authority namaty

Although claims 39-44 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

chum-an..

o ﬁﬂwﬁmm ppcaion that dn not comply with tna prascribaa ragul

a D Ciaims Noa
becauss Yoy ars dapandant cmma end ars not deahad in sccordancs wit he second and thing sentancas of Ruls B.4[a).

Box It Obsarvations where unity of mvention s lacking (Continuation of tem 2 of first shes?)

This iInemational Saarching Authodty feund mutiple vantens i s Inemanonas sppiication aa fosows.

VL] e s mamuia seaiy) e e miany peu UY T spUALL VBN ot ILTSE St 1RO SOVES B

2 AS &l sesychada dlams could e sasrched without @
Dbfanr sl I o jusifying an azcitonal fas, Tes Auchaney oid nee invia payment

3 As only some of the ancionad
e S s i i P, s b S e

4 No required antdonal tses
D req wmama:mm: mmpﬂwmmlwwlmmmmﬂ

Romark on Protest D Tho axi:orie] asarch R Wire accompaniad oy e &-phcant’s proes:,
D NO POSAT SRCOmaRnIed the PAYTReNT of ACRGNE! SIre: 10ed.

Form PCTASA/210 {condnuatian of firs =98t {1)) (hdy 1999)
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cited i saerch repant dae mermbar{s) aate

WU Y5143V n &7 o3 1338 AU Ca04CO0 A 1..NE1009
Al 6909008 A 22~-05~1998
EP 0942983 A2 22~-09-1999
EP 0941335 AZ 15~-09-1999
JP 2001505415 T 24~-04-2001
JP 2001501833 T 13-02-2001
Wo 9818930 A2 07-05-1998
WO 98189231 A2 07--05~1998
us 6159469 A 12~-12-2000

Us 5328996 A 12-07-1994 US 5237050 A 17-08-1993

- _ _ us 6136323 A 24-;10—2000 -

WO 9641879 A 27-12-1996 US 5863543 A 26~D1-1999
AU 709520 B2 05-09-1999
Al 5883994 A 09-01-1997
CA 2222701 Al 27-12-19%6
Ko 96418792 Al 27-12~1996
CN 1191568 A 26~08-1998
EP 0832235 Al 01-04-1998
NZ 308991 A 25-04-~1999

WO 9942588 A 26-08-1999 Al 2505999 A 06~-09-1999
WO 9942588 A2 26~08-1999
CN 1297482 T 30-05-2001
EP 1054971 A2 29~11-2000
HU 0102304 A2 28~16-2001
NO 20004161 A 19-10-2000
TR 200002437 T2 21~11-2000
ZA 9901325 A 20~08-1999
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From the INTERNATIONAL BUREAU

LINGS | PCT To 9 2 3 1
GOWLIN: 5
T INFORMATION CONCERNING ELECTED ERRATT, Judy A
OFFICES NOTIFIED OF THEIR ELECTION Gowlings Lafleur Henderson LLP
Sulte 2600
(PCT Rule 61 3) 160 Elgin Street
Ouawa Ontarla K1P 1C3
CANADA
Datm of malling (day/month/year)
30 January 2002 {30 01 02)
Apphicant's or sgent’s file reference
08-891814WO IMPORTANT INFORMATION
internationsl appicaton Na. frtaeviational filing date (aey/monthiyenr) | Priorkty dete (daymanthvyear)
PCT/ICAD1/00838 11 June 2001 (11 08.01) 12 June 2000 {12.08 00)

ot
UNIVERSITY OF SASKATCHEWAN

1 Theapplicant ls hareby informed thet the intsrnatianal Bursau has, according w Aracle 31(7) notified aach of the foflowing
Othees of 1ts slecton
EP AT BE CH CY,DE,DK ES Fi FR GB,GR IE [T LU,MC NL PT SE TR

National CA

1. Tae loliowing Offices hive walved s requirenant far tha nobfication of their alectian, the nocification will be sent to them
by the In emational Bureay only upon their raquest

National CO

3 Tha spplicant Is reminded that he mus® entarthe natona! phasa  before the expiretion of 30 months from the priority date
Faaeion st mareal sppcion v ST S et 5 shrsLaokate: b frahag s st f
n PRBLO Ins, w mrshing a us on of an
i annaxas of the invemational pnl?r':lhlly sxaminatdon report {Aricle SIB)(I:I'I:’ Ruis 74.?}‘.’ e Y

Sama offices hava fixed tima fimits axpiring tcer than the above-mentionad ume fimic. For demidad informenon about the
1 5:!:.;::1; :r:;‘ m:én: ;l;c acts to be parformed upon entry nta the netonal phase befars 2 parsoular Office. see Valums I
|| §!

Tne ensy into the European ragional phase 18 postponed until 31 manths fram the priority date for all Staves desgnated for
tha purpaset of obtaininp a Europesn pamant

The Intarmational Bureau of WIPD Aushorsed officer
34, chamin ges Colombeties
e 70, o Chcile CHATEL {Fax 338.87.40)
Eacmirmie No. (4] 22) 74D 1435 Telephone No [41-22) 3383138
Ferm PCTARA32 (Septamber 1997) 4828133
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w TRR ot ~onet N BV BVAMINING afITHORITY p
= OVYLINGS |
Exratt, Judy A
GOWLING LAFLEUR HENDERSON LLP NOTIFICATION OF TRANSMITTAL OF
160 Elgin Straet, Suite 2600 INTERNATIONAL PRELIMINARY
Octaws Ontarie KIiP 1C3 EXAMINATION REPORT
CANADA
(*CT Ria 71 1)
Dste of malling
(deyprenthyaz) 22/05/2002
AppEcanc's or agencs e rofecenoe IMPORTANT NOTIFICATION
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The basis of this intemational preliminary examination 1s the application as onginally filed

il Non-establishment of opinlon with regard to novelty, inventive step and Industnal

—”“Mh"m

The question of whether the claimed Invention appears to be novel to involve an

mventve step o to be Indusinally applicabla has not baen the subject of the

intamatonal prebminary examination in respect of the claams which have not been

saarched (Article 17(2)(a) or {3) and Ruls 66 1(e) PCT) ses aiso mtemational search report)

V  Reasoned staiement under Rule 88.2(s)1i) with regard to novelty, mvenhve step or
mdustrial applicability

To the extant that the International preliminary examination has been camed out (see tem
lll above) the following 18 pointad out

MY Ul U wabvnss  wnie erded In ghe wh apart 4 » Anneldaced

odl ] w
that the invenhon as defined in the claims which have bean the subject of an
Intematonal search report, meets the critera mertioned in Arbicle 33(1) PCT
18 appears to be novel to involve an Inventive step and to be industnally appiicable
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TECHNICAL FIELD

The present mvention relates generally to bactenal antigens and genes encoding the
same. More particularly, the present mvention pertams to the cloming, expression and
charactenzahon of the GapC plasmm-binding proteins from Streptococcus dysgalactiae,
Streptococcus agalactiae, Streptococcus ubens Streptococcus paraubers and
Streptococcus vuae, and the use of the sams m vaccine compositions

BACKGROUND

Mastitis 15 an infection of the mammary gland usually cansed by bactena or fungus
The mflammatory response followmng mfechon results in decreased nulk y1eld as well as
quality, and causes major ammual economc losses to the dary ndustry

Among the bactenal species most commonly associated with mastits are vanious
species of the genmus Streptococcus, meluding Streptococcus aureus Streptococcus uberis
(untypesbls), Streptococeus agalactiae (Lancefield group B), Streptococcus dysgalactiae
(Lancefield group C), Streptococcus zooepidemicus and the Lancefi¢)d groups D G, L and
N streptococca  Some of those species are contagions (e.g. S. agalactiae), winle others are
considered environmental pathogens (e.g S. dysgalactiae and S. uberis)

The environmental pathogen S. ubers 18 responsible for about 20% of all chnical
cases of mastihs (Bramley, AJ and Dodd, F.H. (1984) J Dawry Res 51 481-512, Bramley
AT (1987) Ammal Health Nutnition 42 12-16, Watts J.L. (1988) J Dairy Sa. 71 1616~
1624), 1t 18 the predommant orgamam 1solated from manmmary glands dormg the non-
lactatmg period (Bramley, A (1984) Br Vet. J 140 328-335, Bramley and Dodd (1984) J
Dairy Res 5] 481-512, Ohver, SP (1988).dm. J Vet. Res 49 1789-1793)

Masths resulting from mfection with §' uberis 18 commonly subeclmmecal,
charactenzed by apparently normal mmik with an mncrease i somatic cell counts due to the
mflux of leukocytes The chemical composition of mmlk 18 changed due to suppression of
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secretion with the transfer of sodiam chlonide and bicarbonate from blood to mulk, causing a
shft of pH to a more alkaline level. §. uberzs mashitis may also teks the form of an acute
clmical condition, with obvious signs of disease such as clots or discoloration of the milk
and gwelling or hardness of the mammary gland. Same cases of the chnical disease can be
severe and pyrexia may be present. For a review of the chnica] mamifestations of §' uberws
mastitis, ses, Bramley (1991) Mastitis phymiology or pathology p 3-9 In C. Burvemch, G
Vandeputte-ven Messom, and A. W Hill (ed ), New msights mto the pathogenesis of
mastitiy Ryksuniversitest Gent, Belgium, and Schalm et al (1971) The mastiits complex-A.
brief summary p 1-3 In Bovine Mastitis Lea & Febiger, Philadelphia

Conventional antibacterial control methods such es teat dipping and sntibiotic
therapy ere effectrve m the control of many types of contagious mastits, but the
environmental orgamsms typically found m ell dawry barns are often remstant to such
measures Vaccmation 18 therefore an atiractive sirategy to prevent mfections of the
mammary glands, and has been shown to be beneficial m the case of some contagions
mastitis pathogens

The Iiterature 15 hmited regarding veccination studies with § dysgalactiae and §
ubers, and vaneble results have been observed. In soms cases, immumzation has resulted
m increased sensthivity to the specific orgamsm and 1n other cases stram-specific protection
has been obtamed.

For example, previous studies have shown that prmary mfection with S uberzs can
considerably reduce the rate of mfection following a second challenge with the same stramn
(L, AW (1988) Res Vet. Sa. 44 386-387) Local vacanation with killed S wberts
protects the bovine mammary gland agamst mtramammary challenge with the homologous
stran (Fmch et al. (1994) Infect Innum. G2 3599-3603) Simiarly, subcutaneous
vaccmation with live S uberis has been shown to cause a dramatic modification of the
pathogenems of mastiis with the ssme strarn (Eill et al (1994) FEMS Jmmunol Med.
Microbiol 8 109-118) Ammals vaccanated 1 this way shed fewer bactenia in themr milk and
many quarters remam free of mfection.

Nonethelesa, vaccination with lrve or aitermeted bacteria can pose nsks to the
recipient Further, 1t 18 clear that conventional klled vaccines are m general largely
maffective agamst S, uberzs and S. agulactiae, ether due to lack of protechve antigens on iz
vitro-grown cells or masiang of these antigens by molecular nummcry
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The current lack of existing mastitis vaccines against S agalachiae or the contegious
streptococcus strams 18 due af least m part to a lack of knowledge regarding the virulence
dstermmants and protective anhgens produced by those orgamsms which are mvolved m
mvasion 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 Dawry Res 33 507~
514)

S dysgalactiae 18 known to bmd several extracellular and plasma-denived protems
such as fibronectin, fibrmogen, collagen, alphs-TI-macroglobuhn, IgG, albumm and other
compounds The orgamsm also produces hyaluromdase and fibrinolysin and 15 capable of
adhenng to and invading bovine mammary epithelial cells However, the exact roles of the
bactenal components responsible for these phenotypes m-pathogenesis 15 not known.

Similarly, the pathogenesis of §. uberws infection 18 poorly understood
Furthermore, the nfluence of § wberrs virulence factors on host defense mechamsms and
mammery glend physiology 18 not well defined. Known virulence factors associated with §
uberis mclude a hyahwonc acid ceapsule (Hill, AW (1988) Res Vet Scr. 45 400-404),
hyafuronidase (Schaufuss et al (1989) Zentraibl Bakteriol Ser A 271 46-53), R-hke
protem (Groschup, MH. and Timoney, JF (1993) Res Vet. Scr. 54 124-126), and a
cohemolysin, the CAMP factor, also known as UBERIS factor (Skalka, B and Smola, J
(1981) Zentralbl. Bakieriol. Ser A 249 190-194), R-liks protem, plasmmogen activator and
CAMP factor However, very hittle 18 known of their roles m pathogenicity

The use of virulence detemmnants from Streptococcus as mmunogenic agents has
been proposed. For example, the CAMP factor of S. ubers has been shown to protect
vertebrate subjects from infechon by that orgamsm (Yiang, U S Patent No 5,863,543)

The y antigen of the group B Streptococed strazn A909 (ATCC No 27591) 152
component of the ¢ protemn marker complex, winch addrthonally comprises 2n o and §
subunit (Boyle, US Patent No 5,721,339) Sobsets of serotype In, I, and virtually all
serotype Ib cells of group B sireptococcl, have been reported to express components of the ¢
prote;n. Use of the y subunit a5 an immunogemec agent agamst mfections by Lancefield
Group B Streptococcus mfechon has been proposed. However, 1i= use to provent or treat
bactenal mfechons m ammals, mcluding mastriis m cattle, has not been studied.

The group A streptococcel M protein 16 considered to be one of the mayor virulence
factors of tns orgamsm by virtus of 1ts abihity to 1mpede attack by human phagocytes
(Lancefield, R.C (1962)J Immunol. 89 307-313) The bactens persist 1n the mfected
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tigsue until antibodies are produced agamst the M molecule. Type-specific antibodies to the
M protein sre able to reverse the anhphagocytic effect of the molecule and aflow efficent
clearance of the invading orgamsm.
M protemns are ons of the key virulence factors of Streptococcus pyogenes due to
therr mvolvement in mediatng resistance to phagocytozis (Kehoe, M.A. (1991) Vaccme
9 797-806) and their abihity to mnduce potentially harmful host immune responses via thexr
superanhgemcity and their capacity to mduce host-cross-reactive antibody responses
(Bisno, AL. (1991) New Engl J Med. 325 783-793, Froude et al. (1989) Cwrr Top
Microbiol. Immunol, 145 5-26, Stollemman, GH (1991) Clm. Immunol. Immunopathol.
61 131-142)
However, obstacles exst to usmg mtact M protemns as vaccmes The protein’s |
opsonic epitopes ars extremely type-specific, resultmg m narrow, type-specific protechon.
Further, some M protems appear to contam epitopes that cross react with tissues of the .
immunrzed subject, causing & harmfiz] autormnmune response (See o g, Dale, J.L. and '
Beached, GH. (1982) J Exp Med 156 1165-1176, Dale, J.1. and Beached, GH. (1985) J b
Exp Med. 161 113-122, Baird, R.W , Bronze, M.S , Drabs, W, Hill, HR., Veasey, L.G
and Dale, J L. (1991) J Inmun.]146.3132-3137, Bronze, M.S and Dale, J L. (1993) J |
Immun 15] 2820-2828, Curmingham, M W and Russell, SM (1983) Infect. Immun. '
42 531-538)
Chimenc protems containing three different fibronectm binding domams (FNBDs)
derrved from fibronectm bmdmg protems of §. dysgalactiae and Staphylococcus aureus
have been expressed on the surfiace of Staph. carnasus cells In the caso of one of these
protems, miranasal immumzations with hive recombinant Staph. carnosus cells expressing
the chimens protem on their surface resuited m an improved sutibody response to & modsl
mmmunogen present withm the chmmeric surface protem. .
A GapC plasmm bindmg protem from s strain of Group A Streptococcus has
previously been 1dentified and charactenzed, and 1ts use m thrombolyhic therapies has been
described (Boyle, etal , US Patent No 5,237,050, Boyle, et2l, US Patent No
5,328,996)
However, unhl now, the protective capablity of GapC has not been studied, nor
have the GapC proteins of Streptococcus dysgalactiae, Streptococcus agalactiae,
Streptococcus uberis Streptococcus parauberts ox Streptococeus imae been 1solsted or
charactenized
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b
SUMMARY OF THE INVENTION

Accordingly, the present mvention provides novel Streptococcus GapC protemns and
vaccine compositions compnsing the same. Jn one embodiment, the invention 18 directed to
an 180lated GapC protemn selected from the group conmsting of*

() an 1s0lated Streptococcus dysgalactiae GepC protemn compnsing the ammo acid
sequence shown at amuno acid posttions 1 to 336, mclusive, of Figures 1A-1B (SEQ ID
NO 4),

(b) an 1solated Streptococcus agalactiae GapC protein compnsmg the ammo acid
sequence shown at amino acid positions 1 to 336, mclusive, of Figures 2A-2B (SEQ ID
NO 6),

(c) an 1solated Streptococcus uberis GepC protein comprising the ammo acd
sequence shown at amino acid positions 1 to 336, wclusive, of Figures 3A-3B (SEQ ID
NO 8),

(d) s 1s80lated Streptococcus paravberis GepC protemn compnaing the ammo acad
sequence shown at amino acid posttions 1 to 336, melustve, of Figures 4A-4B (SEQ ID
NO 10),

(¢) =n 1solated Streptococeus imae GapC protem composmg the ammo acad
sequence shown at ammo acid posthons 1 to 336, molusive, of Figures SA-5B (SEQ ID
NO 12), and

(f) mmaunogeme fragments of (a), (b), (c), (4) and (€) comprimng at least about 5
amno acids

In another embodumnent, the mvention 1s directed to 1solated polynucleotdes
compnismg codmg sequences for the above-descnbed GapC proteins, or complements
thereof, recombinant vectors compnsing the polynucleotides, host cells compnmng the
recombinant vectors, and methods of recombinently prodacing the GapC protems

In yet other emboduments, the subject mvention 18 directed to vaccine composthons
compnising a pharmaceutically acceptable vehicle and a GapC protein as described above,
methods of producing the vaceme compomtions, as well as methods of treatmg or
preventing bactenal mfechons m a vertebrate subject compriemg admmistermg to the
subject a therapeutically effective amount of the vaccine composihon. The bacterial
mfechon 1s, for example, & streptococcus mfection and may canse mashtis The vaccme
compositions may further-compnse an adjuvant
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In other emhodiments, the mvention 1s directed to antibodies directed agamst the
1solated GapC protemns The antibodies may be polyclonal or monoclonal.

In stll further embodiments, the invention 18 directed to methods of detecting
Streptococcus antibodies m & biological aample, compnamg

(2) reacting the biological sample with an 1solated GapC protemn under conditions
which allow smid Streptococcus antibodies, when present m the biological sample, to bind to
the GapC protem to form an anhbody/amtigen complex, and

(b) detectmg the presence or absence of the complex, thereby detecting the presence
or absence of Streptococcus anhibodies 1n amad sample

In enother embodiment, the mvention 1s directed to a method of detecting a GapC
proten m a biological sample, compnstog:

(a) reacting the sample with entibodies directed agamst the GapC protemn under
conditions which allow the antibodies to bind to the GapC proten, when present in the
sample, to form an sntibody/antigen complex, and

' (b) detecting the presence or absence of the complex, thereby detecting the presence
or absence of a GegC protem m the gample,

In enother embodiment, the mnvenhon 18 directed to an momunodagnostic test kit for
detectmg Streptococeus mfechon, the test knt compnsmg & GapC proten, or antibodies
drmrected agamst a GapC protem, and matructions for conductimg the 1mmumodiagnostic test.

These and other embodmments of the subject mvention will readily occur to those of
skill m the art 1n view of the isclosure herem.

BRIEF DESCRIPTION OF TEE FIGURES

Figures 1A-1B depict the 150lated mucleotide sequences and deduced anuno acad
sequences of the gapC gene for S. dysgulactiae (SEQ ID NO 3 and SEQ ID NO 4)

Figures 2A-28 depict the 190lated mucleotide sequences end deduced ammno acad
sequences of the gapC gene for S. agalactiae (SEQ ID NO 5 and SEQ ID NO 6)

Figures 3A-3B depict the 1s0lated mcleohde sequences and deduced ammo acid
sequences of the gapC gene for §. uberzr (SEQ ID NO 7 and SEQ ID NO 8)

Figures 4A-4B depict the 1solated mucleotide sequences and deduced amino acid
sequences of the gapC gene for S. parauberts (SEQ ID NO 9 end SEQ ID NO 10)

Fagures SA-5B depict the 1solated mucleotide sequences and deduced ammo acid
sequences of the gapC gene for §' mize (SEQ ID NO 11 and SEQ ID NO 12)
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Figures 6A-6B shows a DNA ahgnment created by PileUp and displayed by Pretty 5*
software (a component of the GCG Wisconsin Package, version 10, provided by the
SeqWeb sequence analysis package, version 1 1, of the Camadian Biomformatics Resource)
The figure depicts the 1solated nucleotide sequences of the gapC genes from § dysgalaciae
(DysGapC, Check 9344), §. agalactiae (AgalGapC Check 2895), S uberws (UberGapC,
Check 5966) S parauberis (PUberGapC, Check 9672), and S. muae (InaeGapC, Check
990) The previously known sequences of S. equasmuiis (SeqGapC, Check 5841 ), §
pyogenes (SpyGapC, Check 4037), and a bovine GAPDH protein (BovGapC, check 5059)
are also mcluded. The length and weight parameters were the same for all sequences (1018
and 1 00, respectively) The parameters used in the DNA sequence companson were as
follows Plurality—2 00, Threshold—1, AveWeight—1 00, AveMatch~1 00, AvMisMatch--
0 00, Symbol comparigon table-—pileupdna.cmp, CompCheck—6876, GapWeight—S5,
GepLengthWeight—1, PileUp MSF—-1018, Type—N, Check—3804 In the figure, dashes
represent 1dentical nucleotides, dots represent gaps mtroduced by the software used to
generate the alignment chart, and tildes represent regions not meluded m the overall
ahgnment due to differences in the length of the gene sequences

Figures 7A-78B shows an ammo acid sequence ahgnment created by PileUp and
dusplayed by Pretty (as above) that depicts the deduced amino acid sequences of the GapC
proteins from S dysgalactiae (DysGapC, Check 6731) S agalactiae (AgalGapC, Check
1229), § uberts (UberGapC, Check 8229), S. parauberis (PUberGapC, Check 8889) and §.
truae (ImaeGapC, check §785) The previously known sequences of § eguasimilis
(SeqGapC, Check 8252), §' pyogenes (SpyGapC, Check 6626) and a bovine GAPDH
protemn (BovGapC, Check 8479) are also included, In the figure, dashes represent 1dentical
amno acid residues, dots represent gaps mtroduced by the PaleUp software, and tildes
represent regions not mncluded m the overall ahgnment due to differences i the length of
the gene sequences

Figure 8 shows Kyte-Doolittle hydropathy plots (averaged over 2 wmdow of 7),
Emm surface probability plots, Karphus-Schulz chain flexibility plots, Jameson-Wolf
anhgenic mdex plots, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary
structure plots for the GapC protem 1solated from S dysgalactiae.

Figure 9 shows Kyte-Doohttle hydropethy plots (averaged over 2 wmdow of 7)
Emm sutface probability plots, Karplus-Schulz cham flexibility plots, Jameson-Wolf
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anhgemc mdex plots, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary
structure plots for the GapC protem 1solated from S. agalactige.

Figure 10 shows Kyte-Doolittle hydropathy plots (averaged over a wmdow of 7),
Emm surface probability plots, Karplus-Schulz cham flexibality plots, Jameson-Wolf
antigemc mdex plots, end both Chou-Fasman and Garmer-Osguthorpe-Robson secondary
structure plots for the GapC protein 18olated from S. uberis

Figure 11 shows Kyte-Doolittle hydropathy plots (averaged over a wmdow of 7),
Brmum surface probability plots, Karplus-Schulz cham flexibihty plots, Jameson-Wolf
anhgemc mdex plots, and both Chou-Fasman and Garnier-Osguthorpe-Robson secondary
structure plots for the GapC protem 1solated from S. parauberts

Fignre 12 shows Kyte-Doolittle hydropathy plots (averaged over a window of 7),
Emm surface probabihty plots, Karplus-Schulz cham flexibility plots, Jameson-Wolf
antigemc mdex plots, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary
structure plots for the GapC protein 1solated from § iniae.

Figure 13 15 a diagrammatic representation of the Chou-Fasman secondary structore
plots for the GapC protein 1solated from S. dysgal.

Figure 14 15 a chagrammatc representation of the Chou-Fasman secondary structure
plots for the GapC protem 1solated from S. agalactize.

Figure 15 13 & chagrammatic representation of the Chou-Fesman secondary structure
plots for the GapC protem 18olated from S. uberts

Figure 16 15 a diagrammatic representation of the Chou-Fasmean secondary structure
plots for the GapC protein 1solated from §. parauberis

Figure 17 18 a iagrammshc representation of the Chou-Fagman secondary structure
plots for the GapC protem 1solated from S. zuae.

Figure 18 shows the results of SDS-polyacrylarmde gel electrophorems of
recombment § dysgalactize GapC produced mn E. coh DE3 Lane 1, molecular weaght
markers (20 5 - 103 kDa, BioRad, Bmaryville, CA), lane 2, soluble recombinant §
dysgalactiae GapC punfied by Ni-NTA affinity chromatography Numbers on the loft of
the figure mdicate the positions of the moleculer weight markers (in kDa)

Figure 19 18 a hustograph which compares the enzymatic actvity of bovine plasmin
bound to mtact S, dysgalactiae cells, bovine plasmm bound to affimity-purified recombmant
S dysgalactiae GepC protem, miact S. dysgalactiae cells alone, affimity-punfied
recombmant S dysgalactizge GapC protem alone; and bovine plasmm alone. Activity was
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determined by an increese m the absorbance at 405nm following release of paremitroanal:de
from the synthetic substrate chramozine-PL (Roche Disgnostics, Laval, Quebec, Canada)
The data represents the mean of three mdsvidual assays.

Figure 20 compares the change 1 the percentage of udder quarters mfected with §
dysgalactiae over a 7 day pertod among three experimental groups (1) unvaccmated conirol
animals, (2) ammals vaccinated with the Mig Fe binding protein, and (3) ammals vaccinated
with GapC Infection wes defined as recovery of >500 cfu of the S dysgalactiae per ml of
mlk secretions

Figure 21 plots the maximum number of S. dysgalactiae In any ndder quarter against
serum anti-GapC antbody titre (expressed as the rectprocal of the dihthion showing activity
sbove background levels) Serum anh-GapC titers were shown to correlate with the
maximum number of cfi/mi recovered from the memmary glands ® = 0 74, 25 determmed
using GraphPad Prism software, v 2 01, from GraphPad Software, Inc., San D1ego, CA)

Figure 22 plois cumulative mumber of mfected mammary quarters agamst gerum
anthbody fiter (agamn expressed as the reciprocal of the dilution showing activity above
background levels) A strong comrelahon between the anti-GapC antibody serum antibody
level and the total mimber of mfiected quarters was observed

Figure 23 1liustrates the recovery of bactena from GapC-mmmumzed ammals, data
points are plotted as mean bacterial recovenes/ml milk vs ttme (in days post-challenge) In
the figure, diamonds (~¢-) represent non-vaccmated anrmalg, squares (-l-) represent low
titer ammals (1 6. anmmals exhibitmg the poorest response against GapC 1 terms of
anhbody trire), and tnangles (-a-) represent high trter animals (Le., the remmmng antmals)

Figure 24 shows recovery of S dysgalactiae from GapC-mumumized snmmals, plotted
as the percent of mammary quarters mfected ve tme 1n day= post-challenge In the figure,
the stippled bars represent non-vaccnated anmmals, the cross-hatched bars represent low-
titer annmnals (3 e., anmals exhibiting the poorest response agamst GapC m tenms of
antibody titre) and the unshaded bars represent high-titer ammals (1 e., the remamnmg
ammals)

Figure 25 depicts the observed mflammatory response to mfiection with S.
dysgalachiae plotted as mean somatic cell counts (SCC) for each expenmental group versus
tune m days post challenge. In the figure, diamonds (-4 -) represent unchallenged,
unvaccinated quarters, squares (-ll-) represent challenged, unvacomated ammals, tnangles(-
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a-) represent challenged, Mig-vaccmated animals, and x's (-X-) represent challenged,
GapC-vaccmated animals

Figure 26 1llustrates somatic cell counts per mammary quarter on day 1 post-
challenge In the figure, the bar represents the mean for each group Squares (-M-)
represent unvaccinated anmmals, taangles (-a-) represent GapC-vaccinated ammals, and
inverted triangles (-v-) represent Mig-vaccinated anrmals

Figure 27 depicts the somatic cell counts of non-vaccinated, non-challenged and
GapC-immumzed, high-titer antmals (Le , the four ammals exhibiting the highest antibody
titres of the eight ammals 1n the particular group) for seven days post challenge, plotted as
the log;, of the mean somatic cell coumt/ml milk agamst time 1 days post challenge.
Diamonds (-#-) represent unchallenged, unvaccimated ammalg, squares ( ll-) represent
chrilenged, unvaccmated ammais, and tnangles (-a-) represent challenged, GapC-
vaccmated ammals

-t e

DETAILED DESCRIPTION OF THE INVENTION :
The practice of the present mvention will employ, unless otherwise indicated,

conventional techniques of molecular biology, microbiology, recombinant DNA

technology, and mmmunology, which are within the skl of the art Such techmques are

explamned fully m the hiterature See, e.g., Sambrook, Fotsch & Mzamats, Molecular

Cloning A Laboratory Manual, Vols. I, I and III, Second Edrtion (1989), Pexbal, B , 4 |

Practical Guide to Molecular Cloning (1984), the sencs, Methods In Enzymology (S

Colowick snd N Kaplen eds., Academmic Press, Inc.), aund Hardbook of Experrmental

Immunology, Vols. I-IV (DM Weir snd C C Blackwell eds., 1986, Blackwell Scienhific

Pubhcations)

The following armno acid abbreviations are nsed throughout the text

Almme Ala (A) Argimime. Atg (R)
Asparagme Asn (N) Asparticacid Asp (D)
Cystems Cys (C) Glutamme. Gin (Q)
Glutemic acid. Ghu (E) Glycne Gly (G)
Hishdme His (H) Tsolencme: Ile (T)
Leucme Len (L) Lysms Lys (K)

Methionme Met (M) Phenylalanme. Phe (F)
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Prohne Pro (P) Serine Ser (S)
Threonme Thr (T) Tryptophen. Trp (W)
Tyrosme Tyr (Y) Valme Val (V)

1 DEFINITIONS

In descnbmg the present mvention, the following terms wall be employed, and are
mntended to be defined as indicated below

It must be noted that, as naed m this specification and the appended claims, the
smgular forms "a", "an" and "the" mclude plural referents unless the content clearly dictates
otherwise Thus, for example, reference to "a Streptococcus GapC protem” mcludes &
mxture of two or more such protens, and the hike

The terms "GapC protem” and "GapC plasmn bmdmg protem” (used
mterchangeably herein) or a nucleotide sequence encoding the same, mtends a protein or a
nucleotids sequence, respectively, which 18 denived from a GapC gene found m a vanety of
Streptococcus species, meludmg, without mutation certain strams of group A streptococet
(Lottenbery, R., et al., (1987) Jnfect. Immun.55 1914-1918) The aucleohds sequence of
representetive Streptococcus gapC gemes, and the correspondmg ammo acid sequence of the
GapC protens encoded by these genss, are depicted m the Figures. In particular, Figures 1
through 5 dspict the 1solated nucleotide sequences and 1s0lated anuno acid sequences of S
dysgalactiae (SEQ ID NO 3 and SEQ ID NO 4, respectively), 5. agalactiae (SEQ ID NO 5§
and SEQ ID NO 6, respectively), S. uberis (SEQ ID NO 7 md SEQ ID NO 8, respectively),
S parauberis (SEQ ID NO 9 and SEQ ID NO 10, respectively), and §. mze (SEQ ID
NO 11 and SEQ ID NO 12, respectively) However, 2 GapC protem as defined herem 18 not
Iumited to the depicted sequences as subtypes of each of these Streptococcus species ere
known and variations 1n GapC protems will occur between them.

Representatrve gapC genes, denived from S. dysgalactiae, S. agalactiae, S. uberis
aud S parauberts are found m the plasmids pET15bgapC (ATCC No ), pMF521¢ (ATCC
No ), pMF521a (ATCC No ), pMF521d (ATCC No ), and pMF521e (ATCC No ),
respectively

Furthermore, the denved protem or mucleotide saquences need not be phymeally
denved from the gens described above, but may be genarated m epy manner, mchidmg for
example, chemucal synthesis, 1solahon (e.g. from S, dysgalactiae) or by recombment
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production, based on the information provided herem. Additonally, the term mtends
protemns having amino acad sequences substantially homologous (as defined below) to
conhiguous amino acid sequences encoded by the genes, which display immumological
and/or plesmm binding activity

Thus, the terms mntend full-length, as well as immumogenic, truncated and partial
sequences, and active analogs and precursor forms of the proteins Also mcluded in the
term are nucleotide fragments of the gene that mclude at least about 8 conhignous base pairs,
more preferably at least about 10-20 configuous base paurs, and most preferably at least
about 25 to 50, or more, contiguous base pairs of the gene, or any mtegers between these
values Such fragments are useful as probes and in diagnostic methods, discussed more
fully below

The terms also mchude those forms possessimg, as well ag lacking, a mgnal sequence,
1f such 18 present, as well as the mclerc acid sequences coding therefore. Additionally, the
term mtends forms of the GapC protems winch lack a membrane anchor region, and nucleic
acid sequences encoding proteins wrth such deletons  Such deletions may be desirable 1n
systems that do not provide for secretion of the protein. Furthermore, the plasmm-bindmg
domams of the protems, may or may not be present. Thus, for example, 1f the GapC
plasmn-binding protem will be used to punfy plasmm, the plasmn-bindmg domain will
geaerally be retained. If the protem 15 o be used m vaccme composmbons, mmunogenic
epxtopeswhmhmayormaynotmnhdsﬂ:ephmm—bmdﬁgdomam,mﬂbepmst

The terms also mclude protemns m neutral form or m the form of bame or acid
addihon salts depending on the mode of preparation. Such acid addition salts may mvolve
free ammo groups and basmc salts may be formed with fres carboxyls Phammaceutically
acceptable basc end actd addriion salts are discugsed further below In additon, the
protems may be modified by combmation with other biological matenels such as Irpids
(both those occurrmg naturally with the molecule or other lipids that do not destroy
immumological achvity) and saccharides, or by mde cham modification, such as acetylahion
of ammo groups, phosphorylation of hydroxyl side chams, oxidation of sulfhydryl groups,
glycosylation of amino acid residnes, az well as gther modificstions of the encoded primary
soquence

The term therefore mtends deletions, addihons and substitutions to the sequence, so
long as the polypeptide fimctions to producs an ynnnmological response as defined heremn.
In thig regard, particularly preferred substiiutions will generally be consexrvative 1n nature,
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1 e., those substrtutions that take place withmn a farmly of amuno acids For example, ammo
acids are generally divided mto four famihies (1) acidic — aspartate and giutemate, (2) basic
- lysmne, arginime, histidme, (3) non-polar — alanme, vahne, leucme, 1soleucme, prolme,
phenylalanme, methionins, tryptophan, and (4) uncharged polar — glycine, asparagme,
glutamine, cystine, semne threonme, tyrosme. Phenylalanme, tryptophan, and tyrosme are
sometimes classified as aromatic ammo acids. For example, it 1 reasonably predictable that
an 1solated replacement of leucme with 1soleucine or valine, or vice versa, an aspartate with
a ghrtamate or vice versa, a threonne with a serne or vice versa, or a sioular conservative
replacement of an amno acid with a structurally related amino acad, will not have a major
effect on the biological activity Proteins having substantially the same amino acid
sequence as the reference molecule, but possessing mmor amino acid substitutions that do
not substantially affect the iImmunogemeity and/or plasmm-binding affinity of the protem,
are therefore withm the definthon of the reference polypeptide.

For example, the polypeptids of interest may mclude up to about 5-10 conservative
or non-conservative ammo acid substitotions, or even up to about 15-25 or 20-50
conservative or non-conservetive ammo acid substitutions, or any mteger between these
values, 50 long as the desmred finction of the molecule remams 1ntact,

In this regard, GepC protems 1solated from streptococc: exhibit several vanable
regions m thear ammo acad sequances, located at ammo acid positions 62 to 81, 102 to 112,
165 to 172, 248 to 271, end 286 t0 305 ‘These regions, which 1n S. dysgalactiae, S
agalactiae, S uberws S parauberis and S imae exhibit from 1 to 9 ammo acid
substitutions, are likely to be amenable to vanation without substantially affecting
mmmunogemc or enzymahc funchon.

Simmlarly, substitutions occumng m the iransmembrane bmding domain, 1f present,
and the mgnal sequence, 1f present, normally will not affect immunogemcity One of skall 1n
the art may readily determme other regions of the molecule of mnterest that cen tolerate
change by reference to the protem structure data shown m Figures 8-17 herem.

The term "streptococcal GapC protem™ mntends a GapC plasmm-bmding protem, as
defined shove, denved from a streptococeal specios that produces the same, including, but
not hmmted to § dysgalactiae, S. agalactias, S. ubenis S. parauberis and S. yuae. For
example, a"S dysgalactiae GapC protem” 18 2 GapC plasmm-bmdmg protein as defined
above, denved from S dysgalactize. Smularly, an ™S agalachae GapC protem” mtends a
gapC bmding protein denved from § agalactige.
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"Wild type" or "native” protems or polypephdes refer to proteins or polypeptides
180lated from the source m which the protemns naturally occor  "Recombinant” polypeptides
refer to polypephdes produced by recombmant DNA techmques, 1 e., produced from cells
transformed by an exogenous DNA construct encoding the desired polypeptide. "Synthetic"
polypeptides are those prepared by chermcal synthesis

An "solated” proten or polypeptide 18 a protemn or polypeptide molecule separate
and discrete from the whole orgamsm with which the molecnle 1s found n nature, ora
protem or polypeptide devoid, m whole or part, of sequences normmally associated with 1t n
nature, or a sequence, as 1t exists m nature, but having heterologous sequences (as defined
below) m associahion therewrth.

The term "fimchonally equivalent” mtends that the ammo acid sequence of a GapC
plasmm-binding protein 1s one that wall elicat a substantially equivalent or enhanced
mmmunological response, as defined above, as compared to the response eherted by a GapC
plasmm-binding protemn having 1dentity with the reference GapC plasmin-binding protein,
or an mmunogemc portion thereof.

The term "eprtope” refers to the mte on an antigen or hepten to which specific B cells
and/or T cells respond. ‘The term 18 also used mterchangesbly with "antigemc determinant”
or "anthigemc determmant site " Antibodies that recogmze the same eprtope can be
1denhfied m a simple immunoassay showing the ability of one antibody to block the bmding
of another antibody to a target sntigen.

The terms "1immumogenic" protemn or polypephde refer to an ammo acad sequence
which elicits an mnmmological respanse as descnbed above  An "immunogenic” protemn or
polypeptide, as used heremn, mchudes the full-length sequence of the GapC plasmin-bmding
protein m question, with or wrthout the signal sequence, membrane anchor doman and/or
plasmm-bindmg domam, analogs thereof, or immunogemec fragments thereof. By
"mmmmogemc fragment” 18 meant a fragment of a GapC plasmin-binding protean which
meludes one or more epitopes and thus eherts the mmumological response described above
Such fragments can be 1dentified usng any mumber of epitope mappmg techmques, well
known m the art. See, ¢.g., Eprtope Mappmg Proiocols 1n Methods m Molecular Biology,
Vol 66 (Glern B. Moms, Ed., 1996) Humana Press, Totowa, New Jersey For example,
lmesr epriopes may be determmed by e.g., concurrently synthesizng large numbers of
peptides on sohd supparts, the peptides correspondmg to portions of the protem molecule,
and reactmg the peptides with antibodies winle the peptides are still attached to the
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supports Such techmques are known 1 the art and described n, e g , U S Patent No
4,708,871, Geysen et al. (1984) Proc. Natl Acad. Sa USA 81 3998-4002, Geysen et al
(1986) Molec. Immunol. 23 709-715 Sumlarly, conformational epitopes are readily
wdentfied by detenmming spatial conformation of amino acids such as by, ¢ g., x-ray
crystallography and 2-dmmensional nuclear magnetic resonance. See, e.g , Epitope Mapping
Protocols supra Antigemc regions of proteins can also be 1dentified using standard
antigemcity and hydropathy plotas, such as those calculated usmng, o g., the Omiga version
1 0 software program available from the Oxford Molecular Group This computer program
employs the Hopp/Woods method, Hopp et al, Proc. Natl. Acad. Scz USA (1981) 78 3824-
3828 for determumng anhigemcity profiles and the Kyte-Doohitle techmque, Kyte et al , J
Mol Biol (1982) 157 105-132 for hydropathy plots Figures 8 to 12 herein depict Kyte-
Doolittle profiles for representative protems encompassed by the mvention.

Immumogemc fragments, for purposes of the present mvention, will usually mclude
at Jeast about 3 amno acids, prefersbly at least about 5 ammno acids, more preferably at least
about 10-15 amuno acids, and most prefarably 25 or more ammo acids, of the parent GapC
plasmm-bmding-bmding protem molecule There 18 no cntical upper hmit to the length of
the fragment, which may compnise nearly the full-length of the protemn sequence, or even a
fusion protein compnsmg two ar more epitopes of GapC

An "mmunogemc composthon” 18 a composihon that comprises an anhigemc
molecule where admumstration of the composition to a subject results m the development 1n
the subject of a humoral and/or a cellular mmmune responss to the anhgenic molecule of
mterest.

By "subunit vaccine camposthon” 18 meant a composition contaming at least one
mmmunogemc polypeptds, but not all antigens, derrved from or homologous to an antigen
from a pathogen of mterest. Such a composition 15 substantiaily free of intact pathogen
cells or particles, or the lysate of such cells or parfticles Thus, a "subumt vaccine
composition” 18 prepared from at least partially punified (preferably substantially punfied)
immunogenc polypeptides from the pathogen, or recombmant analogs thereof A subumit
vaccme composition cin comypnse the subumt antigen or anhigens of mterest substanhally
free of other anhigens or polypeptides from the pathogen.

By "pharmaceutically acceptable” or "pharmacologically acceptable” 18 meant a
material which 18 not brologicelly or otherwise undesirable, 1.e., the matenal may be
admmnstered to an mdividual 1n a formulahion or composition without causmg any
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undesirable biological effects or mtaracting m a deleterious manner with any of the
components of the composition m which 1t 18 contmned

An "“1mmmmological response” to a composition or vaccine 1s the development in the
host of a cellular and/ or antibody-mediated smmune response to the composthon or vaccine
of mterest. Usually, an "mmumological response” mcludes but 18 not litmted to one or more
of the following effects the production of anhboches, B cells, helper T cells, suppressor T
cells, and/or cytotoxic T cells and/or ¥5 T cells, directed specifically to an anhgen or
sntigens included m the composition or vaceme of mierest. Proferably, the host will display
cither a therapeutic ax protective immunological response such that resistance of the
roammary gland to new mfection will be enhanced and/or the chmeal ssventy of the disease
reduced. Such protection will be demonstrated by esther a reduction or lack of symptoms
nommally displayed by an mfected host and/or a qucker recovery tme

By "nucleic acid immumzation” 18 meant the mtroduction of a nucleic acid molecule
encoding one or more selected anhigens into 2 host cell, for the 7 vivo expresaion of an
anhgen, anhgens, an epitope, or epriopes. The nucleic acid molecule can be mtroduced
directly mto a reciprent subject, such as by myection, mbalstion, orel, miranasal and rmcosal
admmstration, or the hike, or can be mtroduced ex vivo, into cells which have been removed
from the host In the latter case, the transformed cells are remtroduced into the subject
where an immune response can be mounted agamst the antigen encoded by the muclesc acad
molecule.

The term "treatment” as used herem refers to erther (1) the prevention of mfechon or
remifection (prophylaxis), ar (2) the reduction or eltmmation of symptoms of the disesse of
mterest (therapy)

By "mastiths" 15 meant an mflammation of the mammary gland 1 mammals,
mecludmg 1 cows, ewes, goats, sows, mares, and the like, caused by the presence of 5.
uberis The mfection mamfests itself by the mfiltration of phagocytic cells m the gland.
Generally, 4 clmical types of mastitis are recogmzed. (1) peracute, associated with swelling,
heat, pam, and abnormal secretion m the gland and sccompaned by fever and other signs of
systemic dusturbance, such as marked depression, rapid weak pulsc, sunken eyes, weakness
and complete snorexia, (2) acute, with changes m the gland sumilar to those above but
where fever, anorexia and depression are shght to moderate, (3) subacute, where no
systemic changes are displayed and the changes m the gland and its secretion 2re less .
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marked. and (4) subchnical, where the mflammatory reaction 15 detectable only by standard
tests for mastitis

Standard tests for the detection of mastitis include but are not hinnted to, the
Cahforma Mastitis Test, the Wisconsm Mastitis Test, the Nagase test, the electromc cell
count and somatic cell counts used to detect a permistently high white blood cell comtent m
milk. In general, a somahc cell count of about 300,000 to about 500,000 cells per ml or
higher, 1n mik will mndicate the presence of mfechon. Thua, a vacome 18 considered
effechve m the treatment and/or prevention of mastihs when, for example, the somatic cell
count in milk 1s retamed below about 500,000 celis per ml. For a discussion of mastitis and
the diagnosa thereof, sce, ¢ 8., The Merck Veterinary Manual A Handbook of Diagnons
Therapy and Disease Prevention and Control for the Veterinarian, Merck and Co
Rahway, New Jemsey, 1991

By the terms"vertebrate," "subject,” and "vertebrate subject” are meant any member
of the subphylum Chordata, includmg, without irmitation, memmals such as cattle, sheep,
Pigs, goats, horses, and humans, domestic ammals such as dogs and catx, and birds,
mcludimg domeshic, wild and game birds such as cocks and hens mcluding chickens, turkeys
and other galimaceous birds, and fish. The term does not denots 2 parhcular age. Thus,
both adult and newbom anmmals, as well as fetuses, are mtended to be covered.

A "nucleic ac1d" molecule can imclude, but 1s not muted to, procaryotic sequences,
eucaryotic mRNA, cDNA from eucaryotic mRNA, genomnc DNA sequences from
eucaryotic (e.g , mammahan) DNA, and oven synthetic DNA sequences The term also
captures sequences that mclude any of the known base anaiogs of DNA and RNA.

An "1solated" nucleic acad molecule 18 a mucleic acid molecule separate and chscrete
from the whole orgamsm with winch the molecule 18 found 1n nature, or a nucleic acid
molecule devoid, in whole or part, of sequences normally associzted with 1t m nature, or a
sequence, &5 1t exasts 1o nature, but having heterologous sequences (as dafined below) m
association therewith. The term "150lated” m the context of a polynucleotide mtends that
the polynucleohde 15 150lated from the chromosome with winch 1t 15 normally associated,
and 18 150lated from the contplete genomme sequence m whach 1t normalty occurs

“Punfied polymucleotide” refers to a polynucleotide of mterest or fragment thereof
which 15 essentially free, e.g., contamns less than about 50%, preferably less than about 70%,
and more preferably less than about 90%, of the protem with which the polynucleotide 15
natnrally associated Techmgues for punfymg polymneleohdes of interest are well-known
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m the art and mclude, for example, distuphon of the cell containing the polynucleotids with
a chaotropic agent and separstion of the polynucleotide(s) and protems by 1on-exchange
chromatography, affinity chromatography and sedimentaton according to density

A "coding sequence” ar a "mucleotide sequence encoding” a particular protein, 18 &
nucleotide sequence which 15 transcribed and translated mto a polypeptide wn vitro or m vivo
when placed under the control of appropnate regulatory clements The boundanes of the
codmg sequence are determined by a start codon at the 5' (amino) terminns and a translabion
stop codon at the 3’ (carboxy) termmus A coding sequence can include, but 18 not mited
to, procaryotic sequences, cDNA from eucaryohc mRNA, genomic DNA sequences from
eucaryotic (¢ g , mammalian) DNA, and even synthstic DNA sequences A transcription
ternmation sequence will usually be located 3' to the coding sequence A "complementary”
sequence 18 one 1n which the nitrogenous base at a given nucleotide position 18 the
complement of the mtrogenouns base appearing at the same posstion m the reference
sequence To illustrate, the complement of adenosme 15 tyrosune, and vice veria, immiarly,
cytosine 15 complementary to guanme, and vice versa, hence, the complement of the
reference sequemce 5-ATGCTGA-3' would be 5-TACGACT-3'

A "wild-type" or "native” sequence, 83 used heremn, refers to polypeptide encodmg
scquences that are essentielly as they are found m nature, e.g , the S. dysgalactiae GapC
protem encodmg sequences depicted 1 Figures 1A-1B (SEQ ID NO 4)

"Recombinant” as used herem to describe a micleis acid molecule means a
polymcleotide of genomc, cDNA, semsynthetic, or synthetic ongm which, by virtue of its
ongm or mampulstion (1) 1s not associated with all or a portion of the polymicieotide with
whuch 1t 15 associated m nature, and/or (2) 18 Inked to a polynucleotide other than that to
whuch 1t 18 hnked 1n natore. The term “recombimant” as used with respect to a protem or
polypeptide means a polypeptide produced by expreszion of a recombinant polynucieofide.
*Recombmant host cells,” "host cells,” "cells," "cell lines,” "cell cultures," and other such
terms denotmg procaryohc microorgemsms or sucaryotic cell hnes cultured as unicellnlar
entthes, are used mterchangesably, and refer to cells winch can be, or have been, used as
recipients for recombmant vectors or other trensfer DNA, and mclude the progeny of the
ongmnal cell which has been transfected. It 18 understood that the progeny of & single
parental cell may not necessanly be completely 1dentical m morphology or m genomic or
total DNA complement to the oniginal parent, due to accidental or deliberats mutation.
Progeny of the parental cell wnch sre sufficiently smmlar to the parent to be charactenzed
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by the relevant property, such as the presencs of 2 nucleohds sequence ancoding a desrred
pephde, are inclnded 1n the progeny mtended by this defimtion, and are covered by the
above terms

"Homology" refers to the percent 1dentity between two polynucleotide or two
polypeptide moeties Two DNA, or two polypephide sequences are "substantially
homologous" to each other when the sequences exhib:t at least about 80%-85%, preferably
at least abont 90%, and most prefurably at least about 95%-98% sequence 1dentity over a
defined lemgth of the molecules As used herem, substantially homologous also refers to
sequences showing completo identity to the specified DNA. or polypeptde sequence

In general, ‘“1denhty™ refers to an exact nucleotide-to-nucleotide or amino acid to-
amino acid correspondence of two polymucleotides or polypeptide sequences, respectively
Percent 1dentity can be determmed by a direct companson of the sequence information
between two molecules by aligmng the sequences, comnting 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 1n
the analyms, such as ALIGN, Dayhoff, M.O 1 Atlas of Protein Sequence and Structure
M.O Dayhoff ed., 5 Suppl. 3 353-358, National biomedical Research Foundation,
Weshington, DC, which adapts the local homology algorithm of Smith and Waterman
(1981) Advances in Appl. Math. 2 482-489 for pephde analyms Programs for detenmmng
nucleotide sequence 1dentity are avalable i the Wisconsm Sequence Analyms Packege,

" Version 8 (available from Genstics Computer Group, Madison, W) for exemple, the
BESTFIT, FASTA and GAP programs, winch also rely on the Smth and Waterman
algorithm These programs are readily utihzed wath the defim!t parameters recommended
by the marmufacturer and described m the Wisconsm Sequence Analysis Packnge referred to
above. For example, percent 1dentity of a particular mcleotide sequence to a reference
sequence can be determined using the hamology algorrthm of Smith and Waterman with a

defanlt sconng teble and a gap penslty of mxx nucleohde posthons

Another method of estabhshing percent :dentity m the context of the present
mvention 15 to use the MPSRCH package of programs copynghted by the Umversity of
Edmburgh, developed by John F Collms and Shame § Sturrok, and distributed by
IntelhGenetics, Inc (Moumtam View, CA) From tins smte of packages the South-
Waterman slgonthm can be employed where defanlt parameters are used for the scormg
table (for exanaple, gap open penalty of 12 gap extension penalty of one, and a gap of s1x)
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From the deta generated the “Match” value reflects “sequence identity ™ Other sitable
programs for calculating the percent 1dentity or simlanty between sequences are generally
known 1n the art, for example, another ahgnment program 158 BLAST, used with default
parameters For example, BLASTN and BLASTP can be used using the followng default
parameters genetic code = standard, filter =none, strand = both, cutoff = 60, expect = 10,
Matnx = BLOSUM62, Descriptions = 50 sequences, sort by = HIGH SCORE, Databases =
non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS translations + Swiss
protemn + Spupdate + PIR. Details of these programs can be found at the following mternet
address hitp //www.ancbLnlm.gov/cgi-bro/BLAST

Alternatively homology can be deterrined by hylmdization of polynucleotides
under condihions which form stable duplexes between homologous regions, followed by
digestion with single-stranded-specific mclease(s), and s1ze determmation of the digested
fragments DNA sequences that are substenhally homologous can be identified n a
Southern hybridization experrment under, for example, strmgent conditions, as defined for
that particular system. Definmg appropnate hybriization conditions 18 withmn the skill of
the art. See, e.g , Sambrook et al., supra, DNA Clomng, supra, Nuclewc Acid Hybridization,
supra

By the term "degenerate vanant” 15 mtended a polymucleohde contaimmg changes 1n
the mcleic acid sequence thereof, that encodes a polypeptide having the same amino acid
sequence as the polypeptide encoded by the pelymucleotide from winch the degenerate
vanant 15 denved.

Techmques for determmmng ammo acid sequence “smmlartty” are well known m the
art. In general, “sunilanty” means the exact ammo acd to armno acid companson of two or
more polypeptides at the appropniate place, where ammo acids are :dentical or posseas
airmlar chermical and/or phymcal properties such as charge or hydrophobicity A so-termed
“percent sumlanty” then can be determmed between the campared polypeptide sequences
Techmaques for determmimg nuclerc acid and amumno acid sequence identity also are weil
known n the ert and melude determmmg the mcleotde sequence of the mRNA for that
gene (usually via & cDNA mtermediate) and deteanuming the ammo acid sequence encoded
thereby, and companng ths to a second amino acad sequence. In gencral, “identity” refers
to an exact mucleotide to meleotide or ammo acid to ammno acid correspondence of two
polynucieotides or polypeptide sequences, respectively
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A "heterologous" region of 8 DNA construct 15 an 1deniifiable segment of DNA
withm or attached to another DNA molecule that 18 not found m association with the other
molecule m nature. Thus, when the heterologous region encodes a bactenial gene, the gene
will usually be flanked by DNA that does not flank the bacterial gene m the genome of the
source bacteria Another exarople of the heterologous codmg sequence 18 a construct where
the coding sequence 1tself 18 not found m nature (e g , synthetic sequences having codons
different from the native gene) Allshc vanation or naturally ocourning mutational events
do not grve nise to a heterologbus region of DNA, as used herem.

A "vector" 1s a rephicon, such as a plasmid, phage, or cosmd, to which another DNA
segment may be attached so as to bring about the replication of the attached segment A
vector 18 capable of transferrmg gene sequences to target cells (e.g  bacterial plasmd
vectors, viral vectors, non-viral vectors, particulate camers, and hiposomes)

Typically, the ters "vector construct,” "expression vector," "gene expression
vector," "gene dslivery vector,” “geno transfer vector," and "expression cassetie” all refer to
an assembly which 13 capable of directing the expression of a sequence or gene of mterest.
Thus, the terms mchude clonmg and expression vehicles, as well as viral vectors

These assemblies mclude a promoter winch 15 operably Imked to the sequences or
gene(s) of nterest Other control elements may be present as well. The expression
cassettes described herein may be contamed within & plasmid construct In addition to the
components of the expreasion cassette, the plasomd construct may also mclnde.a bactenal
ongmn of replication, ons or more selectable markers, & signal which allows the plasmid
construct to exast as smgle-stranded DNA (e.g a M13 ongm of rephcation), a multiple
clonmg eite, and 2 "mamomahan” ongm of rephcation (¢ 8., 8 SV40 or adenovirus ongin of
rephication)

DNA "control elements” refers collectively to transcription promoters, transcription
enhancer elements, transcription termination sequences, polyadenylation sequences (located
3' {o the translation stop codon), sequences for ophimization of mrhation of transiabon
(located 5 to the coding sequence), translation termmation sequences, upstream regnlatory
domams, ribosome bindmg sites and the hke, winch collectively provide for the
transcription and translaton of a coding sequence m a host cell. Seec e.g McCanghan et al
(1995) PNAS USA 92 5431-5435, Kochetov et al (1998) FEBS Letis 440 351-355 Not all
of these control sequences need always be present m a recombmant vector so long as the
desired gene 18 capable of bemng transcnibed and translated.
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"Operably hinked" refers to an arrangement of elements wherein the components so
described are configured so as to perform their usual finction. Thus, control elements
operably hinked to a codmg sequence are capable of effectmg the expression of the coding
sequence The control elements need not be contiguous wath the coding sequence, so long
as they fimchion to direct the expression thereof Thus, for example, mtervenmg
untranslated yet transcribed sequences can be present between a promoter and the coding
sequence and the promoter can still be conmdered "operably hinked" to the coding sequence.
Similearly, "control elements compatible with expression m a subject” are those which are
capable of effecting the expression of the coding sequence m that subject.

A control element, such 8s a promoter, "directs the transcniption” of a coding
sequence m a cell when RNA polymerase will bind the promoter and transcribe the coding
sequence mto mRNA, which 15 then translated nto the polypeptide encoded by the codmg
sequence.

A "host cell” 15 2 cell which bas been transformed, or 18 capable of transformation,
by an exogenous nuclezc acad molecule

A cell has been "transformed” by exogenous DNA when such exogenous DNA has
been mtroduced mmde the cell membrane. Exogenous DNA may or may not be integrated
(covelently linked) mto chromosomsal DNA making up the genome of the cell. In
procaryotes and yeasts, for example, the exogenous DNA may be mamtamed on an
episomal element, such as a plasmnd. With respect to encaryotic cells, a stably transformed
cell 18 one 1n which the exogenous DNA has become mtegrated mto the chromosoms so that
1t 18 mhenited by danghter cells through chromosome replication. This stability 1s
demonstrated by the ability of the eucaryotic cell to establish cell lmes or clones compnsed
of a population of daughter cells contmnmg the exogenous DNA.

As used herem, a "mological sample" refers to a sample of tissue or fhnd 1solated
from & subject, mcluchng but not Irmted to, for example, blood, plasma, serum, fecal
matter, unne, bone marrow, bile, spmal flmd, lymaph find, samples of the sian, external
secretions of the skin, respiratory, mtestmal, end gemitounnary tracts, tears, saliva, mik,
blood cells, organs, inopetes and algo samples of m vetro cell culture constrtuents mcludng
but not hmited to condrhioned media resnltmg from the growth of cells and tissues m culture
medinm, e.g., recombment cells, and cell components

As used herenn, the terms "label” and "detectable label" refer to a molecule capable
of detection, mcludmg, but not hmited to, radioactive 1sotopes, fluorescers,
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chemulurminescers, enzymes, euzyme substrates, enzyme cofactors, enzyme mhibitors,
chromophores, dyes, metal :ans metal sols, higands (e.g , brotn or haptens) and the like

The term "fluorescer” refers to a substance or a portion thereof which 1s capabls of
exhibiting fluorescence m the detectable range Particular examples of labels winch may be
used under the mvention melude fluorescein, thodamine, dangyl, umbelliferons, Texas red,
luminol, NADPH and o-p-galactosidase.

2 Mobpgs OF CARRYING OUT THE INVENTION

Before describing the present mvention m detail, 1t 18 to be understood that thus
mvention 15 not hmited to partcular formulations or process parameters as such may, of
course, vary It 1s also to be understood that the terminology used herem 18 for the purpose
of describing particular embodiments of the mvention only, and 18 not intended to be
lumting

Although a number of methods and matenals simrlar or equivalent to those
described berein can be used m the practice of the present mvention, the preferred materials
and methods are descnibed heremn.

Central to the present mvention 18 the ciscovery that the GapC protem 1s capeble of
chciting an mmmmune response m & vertebrate subject. In particular, the gemes for the GapC
protemn n §. dysgalactiae S. agalactiae, S. uberis S. parauberis and S 1mae have been
1solated, sequenced and charactenized, and the protem sequences for those genes have been
deduced therefrom. The complete DNA sequences for those genes and the correspondmg
amuno acid sequences are shown m Figures 1 through 5

As described 1n the examples, the full-length S dysgalactiae gapC gene, depicted at
nucleotide pomtions 1-1011, mclusive, of Figures 1A-1B, encodes the full-length S.
dysgalactice GapC protein of 336 ammo acids, shown as amino acids 1-336, mcinmive, of
the same figure S dysgalactiae GapC has a predicted molecular weight of about 36 kDa.
(calculated usmg the Pephide Sart program of the GCG Wisconsm Package, version10,
provaded by the SeqWeb sequence analyms package, version 1 1 of the Canadian
Biomformatics Regource) Similarly, the gapC genes 1solated from 8. agalactiae S. uberis
S parauberis and § e are depicted m Figures 2 through 5, each encodes a full-length
GapC protem also of 336 amino acads, each also having a prechcted molecular weight of
about 36 kDa. Nons of the full-length sequences appear to mclude a signal pephde or 2
membrane anchor region.
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Figures 6 aud 7 show an alignment of DNA and amino acid sequences, respectively,
showing regions of homology and vanability that exist among GapC protems from various
streptococcl strams  In parhcular, several vanable regions are located at amno acid
posthions 62 to 81, 102 to 112, 165 to 172, 248 to 271, and 286 to 305 Such vanable
regions are typically more amenable to change. Hence, amino acid changes 1n these
regions, such as substitutions, additions and delstions, are likely tolerated.

Figures 8 through 12 show plots of the following for each of the GapC protems of
the present mvention Kyte-Doolittle hydrophathy, averaged over a window of 7, surface
probability according to Enum, chamn flexibihity according to Karplus-Schulz, anhpemeity
mdex according to Jameson-Wolf; secondary structure accortng to Garmer-Osguthorpe-
Robson, secondary structure according to Chou-Fasman, and predicted glycoaylation sites
Figures 13 through 17 show plots of secondary structure according to Chou-Fasmzn for
each of the GapC protems of the present mvention. One of skll 1n the art can readhly use
the mformation presented m Figures 8 to 17 to determme immmmogemc regions m the
protem for use in vaccine composrtions }

S dysgalactine GapC plasmm-bmding protein, immunngemec fragments thereof or
chmmenc proteins including the same, can be provided 1 subumt vaccme compositions In
addition to use 1n vaccme compositions, the protems or entibodies thereto can be used as
diagnostic reagents to detect the presence of mfection m 2 vertebrate subject. Simlarly, the
genes encoding the protems cen be cloned and nsed to design probes to detect and 1solate
homologous genes m other bacterial strams For example, fragments comprismg at least
about 15-20 mucleotides, more preferably at least about 20-50 nucleotides, end most
preferably about 60-100 nucleohdes, or eny mteger between these values, will find use m
these embodiments

The vaccme composttions of the present mvenhon can be used to treat or prevent a
wade vanety of bactenial mfections m vertobrate subjects For example, vaccme
compositions melnding GapC plasmm-bmding protems from S dysgalactiae, S. uberts S.
paraubens S. imae and/or group B streptococel (GBS) such as §. agalactize, can be used
to treat streptococcal mfections m vertebrate subjects that are csused by these or other
species Inpartcular S uberws end § agalactiae sre common bactenal pathogens
associated with mastitis in bovine, equme, ovine and goat species  Addrtionally, group B
streptococcs, such as S agalachae, are known to canse mumerous other mfechions n

vertebrates includmg septicenna, menmgrhs, bacteremia, mpehgo, arthritis, urmary tract
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mfections, abscesses, spontansous abortion etc  Hence, vaccine compositions contaimng
stroptococcal GapC plasmn-binding proteins will find use m treating and/or preventing a
wide vartety of streptococcal infections

Sumlarly, GapC plasmin-binding protemns denived from other bactenal genera such
ag Staphylococcus Mycobacterwum, Escherichia, Pseudomonas Nocardia, Pasteurella,
Clostrndum and Mycoplasma wnll find use for treating bactenal mfections caused by
species belonging to thoae genera. Thus, 1t 15 readily apparent that GapC plasmin-binding
protemns can be used to treat and /or prevent a wade vanety of bactenal mfechons m
TIImerous Species

The streptococcal GapC plasmin-bmding protems of the present invention can be
used m vaccine compositions erther alone or m combination with other bacterial, fungal,
viral or protozoal anhigens These anhigens can be provided separately or even as fusion
protens comprismg one or more epitopes of 2 GapC plasmun-bmding protemn fused to one
or more of theae antigens. For example, other immumogemc protemns from S uberzs, such as
the CAMP factor, hyalurome acid capsule, hyaluromdase, R-Like protein and plasrmnogen
activator, can be admimistered with the GapC protem. Additionally, mmunogenic protemns
from other organiams mvolved m masttis, such as from the genera Staphylococcus,
Corynebacterium, Pseudomonas, Nocardia, Clostridumm, Mycobacterium, Mycoplasma,
Pasteurella, Proiotheca, other streptococes, colifor bactena, as well as yeast, can be
admmstered along with the GapC plaszmn-bmding protems described herem to provide a
broad spectrum of protechon, Thus, for example, mmunogenic protems from
Staphylococcus aureus, Str agalactiae, Str dysgualactiae, Str zooepidemucus,
Corynebacterum pyogenes Pseudomonas aeruginosa, Nocardia asterowdes, Clostrndium
perfringens, Eschenichia coli, Enterobacter aerogenes and Klebsiella spp cen be provided
along with the GapC plasmm-bmndmg protemns of the present mvention.

Addrhonally, GapC protems from different streptococcal species may be used
together 1 the vaccine composttions of the pregent invenhon. In this embodiment, the
multiple GapC protems may be provided as fuzion proteans or as discrete anhigens m the
same or different vaccme compoarhions

groguction o1 {yap(, Flasmm-Bmdmg Profems
The sbove-descnbed plasmm-bmdmg protems and active fragments, analogs and
chimenc protemns denved from the same, can be produced by vanety of methods
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Speafically, GapC plasmm-bindmng proteins can be 1solated directly from bacterza which
express the same. This 15 generally accomphighed by first preparing a crude extract which
lacks cellular components and several extraneous protems The destred proteins can then be
further punified from the cell lysate fraction by e g., colurmn chromatography, HPL.C
tmmmmosdsorbent techniques or other conventional methods well known 1n the art

More particularly techruques for 1solating GapC plasmin-binding protemns have
been described. For example, the GapC protein of § pyogenes was purtfied from a crude
cell extract by precipitation with ammontum sulfate, followed by two cycles of
chromatography through 2 Mono FPLC cohmn, and single cycles through superose 12
FPLC, and TSX-phenol HPLC colnmns (Panchoh, V and Fischetti, VA (1992) .J Expt!
Maed 76 415-426) Anpther techmque mvolves the use of a NAD*-agarose affimty column
to punfy GapC from lysed protoplasts of § pyogenes strain 64/14 (Winrem, SB and
Lottenberg, R (1996) Microbiol. 142 2311-2320)

Alternatively, the proteins can be recombinantly produced ag described heremm. As
explamned above, these recombmant products can take the form of partial protein sequences,
full-length sequences, precursor forms that mchude mgnal sequences, mature forms without
mgnals, or sven fusion protems (e.g., with an appropniate leader for the recommnent host, or
with emother subunit anfigen sequence for Strepfococcus or another pathogen)

In one embodument of the present mvention, the GapC protemns are fused to a
histidine tag, produced by recombmant means, and are then punified from & cell lysate
fraction using affimty chromatography See Example 1A-E, mfra

The GapC plasmm-bmdmg proteins of the present mvention can be 180lated based
on the ability of the protem products to bind plasmm, using plasmm-bmding essays as
described below See, e.g, the method described m sechon F 3 of Example 1, infra  Thos,
gene libraries can be constructed and the resultmg clones used to transform an sppropmate
host cell. Colomes can be pooled and screened for clones having plasmin-bmdmg actvity
Colomes cam also be screened usmg polyclonal serum or monoclonal antibodies to the
plasmm-binding protem.

Alternatively, once the amino acid sequences are determmed, ohgomcleotide probes
wiuch comtam the codons for a porfion of the determmed ammo acid sequences can be
prepared and used to screen genomic or cDNA libraries for genes encoding the subject
proteins The basic strategies for prepanng ohgomucleotde probes and DNA hbranes, as
well as therr screening by mucleic acid hybnidization, are well known to those of ordmnary
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skll mn the art. See, e.g DNA Cloning- Vol. 11, supra, Nucleic Acid Hybridization, supra,
Ohgonucleotide Synthesis, supra, Sambrook et al , supra Once a clone from the screened
library has been 1dentified by positive hybndization, 1t can be confirmed by restriction
enzyme analysis and DNA sequencing that the particular hibrary msert contamns GapC
plasmm-binding protein gene or a homolog thereof The genes can then be further 1solated
using standard techmques and, 1f desired, PCR approaches or resiriction enzymes empioyed
to delete portions of the full-length sequence.

Smmlarly, genes can be 1solated directly from bacteria using known techniques, such
as phenol extraction and the sequence further mantpulated to produce any desired
alterstions See, e.g , Sambrook et al., supra, for a description of techmiques used to obtam
and 1solate DNA.

Alterpatively, DNA soquences encoding the proteins of mterest can be prepared
synthetically rather than cloned. The DNA sequences can be designed with the appropnate
codons for the particular ammo acid sequence In general, one wall select preferred codons
for the mtended host 1f the sequence will be used for expressmion. The complete sequence 18
assembled from overleppmg oligonncleotides prepared by standard methods and assernbied
mto a complete codmg sequence. See, e.g , Edge (1981) Nature 292 756, Nambar et al.
(1984) Science 223 1299, Jay et al. (1984) J Biol Chem. 259 6311

Once coding sequences for the desired protemns have been prepared or 1solated, they
can be cloned 1nto any suiteble vector or replicon. Numerous clomng vectors are known to
those of skall in the art, and the selechan of an appropnate cloning vector 15 a matter of
choice Examples of recombmant DNA, vectors for clonmg and host cells winch they can '
transform mclude the bacteniophage A (E coli), pBR322 (E coli), pACYC177 (E. coli)
pKT230 (gram-negative bactena), pGV1106 (gram-negative bactena), pLAFR1
(gram-negative bactens), pME290 (non-E. coli gram-negative bactenia), pHV14 (£ coh and
Bacillus subtihis), pBD9 (Bacillus), pLI61 (Streptomyces), pUCG (Streptomyces), Yip5
(Saccharomyces), YCpl9 (Saccharomyces) and bovine papilloma virus (mammahan calls)
Ses, Sambrook et al , supra, DNA Clommng, supra, B Perbal, supra

The gene can be placed under the control of & promoter, ribosome bmding srte (for
bactenial expression) and, ophonally, sn operator (collectively referred to heremn as "control”
clements) so that the DNA sequence encoding the desired protein 1s transcribed mto RNA
m the host cell transformed by & vector comtaimng this expression construction. The coding
sequence may or may not contamn a mgnal peptde or leader sequence. If & mgnal sequence
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13 included, 1t can exther be the native, homologous sequence, or a heterologous sequence
For example, the signal sequence for S. dysgalactiae GapC plasmm-binding protem can be
used for secretion thereof, as can a number of other signal sequences, well known m the art.
Leader sequences can be removed by the host 1 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 desirable which allow for regulahon of
expression of the protem sequences relative to the growth of the host cell. Regulatory
sequences are known to those of skill m the art, and examples include those which caunse the
expression of a gene to be tumed on or off m response to a chemical or physical stunulus,
mcluding the presence of a regulatory campound. Other types of regulatory elements may
also be present m the vector, for example, enhancer sequences

The control sequences and other regulatory sequences may be hgated to the coding
sequence prior to mserhion mio a vector, such as the clomng vectors described above
Alternatively the coding sequence can be cloned durectly mio an expression vectar which
already contams the control sequences and an approprate restniction site

In some cases 1t may be necessary to modify the coding sequence so that 1t may be
attached to the control sequences with the appropniate onentstion, 1 e , to mamtain the
proper reading frame. It may also be dessrable to produce mutants or analogs of the GapC
plasmin-bmdmg protem. Mutants or analogs may be prepared by the deletion of a partion
of the sequence encodmg the protem, by msertion of a sequence, and/or by substitution of
one or more nucleotides withm fhe sequence. Techmques for modifymg ouclestide
sequences, such as gite-directed mntagenesis, are described 1, e g , Sambrook et al., supra,
DNA Cloning, supra, Nuclewc Acid Hybridwzation, supra

‘The expression vector 18 then used to transform an appropnate host cell. A mumber
of mammatian cell knes are known m the art and mclude immortahzed cell hnes available
from the Amencan Type Culture Collection (ATCC), such as, but not hmated to, Chmese
hamster ovary (CHO) celis, Hel.a cells, baby hamster kndney (BHK) cells, monkey kadney
cells (COS), humsan hepatocellnlar carmnoma cells (e.g , Hep G2), Madm-Darby bovine
kdney ("MDBK™) cells, as well as others Smmilaxly, bactenal hosts such as E. col,
Baciltus subtilis, and Streptococcus spp , will find use with the present expression
constructs. Yeast hosts ussfizl m the present mvention mehide itar alia, Saccharomyces
cerevisiae, Canduda albicans, Candida maltosa, Hanserula polymorpha, Kluyveromyces
fragi, Kluyveromyces lactis, Pichua guallenmondii, Pichia pastoris Schizosaccharomyces
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pombe and Yarrowia lipolytica Insect cells for use with baculovirus expresmon vectors
mclude, inter alia, Aedes aegypti, Autographa califormea, Bombyx mon Drosophila
melanogaster Spodoptera frugiperda, and Trichopiusia m

Depending on the expression system and host selected, the protemns of the present
mvention are produced by culturing host cells transformed by an expression vector
descnbed above inder conditions whereby the protem of mterest 18 expressed. The protein
18 then 1solated from the host cells and punfied. If the expression system secretes the
protem mto the growth media, the protein can be punfied directly from the media If the
protem 18 not secreted, 1t 18 130lated from cell lysates The selection of the appropriate
growth conditions and recovery methods are withm the skl of the art.

The protems of the present mvenhon may also be produced by chemical synthes:s
such as solid phase pephde synthests, usmg known amno acid sequences or amino acid
sequences denived from the DNA sequence of the genes of mierest. Such methods are
known to those skilled in the art. See, e.g.,J M Stewart and ] D Young, Sohd Phase
Peptide Synthesus, 2nd Ed., Pierce Chemucal Co , Rockford, 1L, (1984) and G Barany and R.
B Memfield, The Peptides Analysis, Synthesis Biology, editors E. Grogs and J
Meaenhofer, Vol 2, Acadennc Press, New York, (1980), pp 3-254, for sohid phase peptide
synthesis techmques, and M Bodanaky, Principles of Peptide Synthesis, Spninger-Verlag,
Berhn (1984) and E. Gross and J Meienhofer, Eds. The Peptides Analysis Synthesis
Biology, supra, Vol 1, for classical sofution synthesis Chermcal synthesis of peptides may
be preferable if a amall fragment of the anhgen 1n question 18 capable of raunng an
mmmimological response m the subyect of mierest.

The GapC plasmm-bindmg proteins of the present mvention, 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.) 15 Mmmumzed with an
antigen of the present mvention, or 1is fragment, ar 2 mutated anhgen. Serum from the
mumumzed anmal 18 collected and treated accordmg to known procedures See, 2.2,
Jurgens et &l (1985) J Chrom. 348 363-370 If serum contaimng polyclonal antibodies 1s
used, the polyclonal antibodies can be punfied by mmmunoaffimty chromatography, using
kmown procedures.

Monoclonal antibodies to the GapC plasmin-bmding protems 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 hybnidoma technology 15 well known. Immortal
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antibody-producmng cell lines can be created by cell fusion, and also by other techmiques
such as direct transformation of B lymphocytes with oncogenic DNA, or transfechion wath
Epstein-Barr virus  See, e.g , M. Schreier et al Hybridoma Techmigues (1980),
Hammerling et av, Monoclonal Antibodies and T-cell Hybndomas (1981), Kennett ot al.
Monoclonal Antibodies (1980), seo also U S Patent Nos 4,341,761, 4,399,121, 4,427,783,
4,444 887, 4,452,570, 4,466,917, 4,472,500, 4,451,632, end 4,493,890 Panels of
monoclonal antibodies produced agamst the GepC plasmin-bindmg protems, or fragments
thereof, can be screened for vanous properties, 1 ¢., for 1sotype, epitope, affimity, etc.
Monoclonal antibodies are useful m punification, usmg mmmunoaffimty techmques, of the
méividual anhgens which they are directed agamst. Both polyclonal and monoclonal
antibodies can also be used for passtve immumzation or can be combmed wrth subumt
vaccine preparations to enhance the immune responge  Polyclonal and monoclonal
antibodies are also useful for diagnostic purposes

vaccme composttions, either alone or 1n combmation with other antigens, for use 1n
mmmumzng subjects as described below Methods of preparmg such formmlations are
described mn, o.g., Remington's Pharmaceutical Sciences, Mack Pubhshing Company,
Easton, Pennsylvama, 18 Edrion, 1990 Typically, the vaccines of the present invenhion ere
prepered as myectables, exther as iquid solutions or suspensiona. Sold forms smtable for
soluhion m or suspension m hiquid vehicles prior to myection may also be prepared. The
preparshon may also be emulmfied or the active mgredient encapgulated 1n liposome
velcles The achve immunogemc mgredient 18 generally mrxed with a compatible
pharmaceutical vehncle, such as, for example, water, salme, dextrose, glycerol, ethanol, or
the like, and combmations thereof. In addihion, 1f desired, the velncle may contam mnor
amounts of awahery substances such as wething or emulsifying agents and pH bufferng
agents

Adjuvants which enhance the effectiveness of the vaccine may also be added to the
formulation Adjuvents may mehude for example, muramyl dipeptides, avndine, alummum
hydroxade, dimethyldioctadecyl ammmonmm bramide (DDA), oils, o1l-m-water emuisons,
sapommns, cytokmes, and other substances known m the art.
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The GapC plasmin-bmding protem may be linked to & carrier m order to increase the
mmanogencity thereof. Surtable carriers melude large, slowly metabolized macro-
molecules such as protems, mcindmg serum albummns, keyhole hmpet hemocyann,
mmmoglobulin molecules, thyrogiobuln, ovalbumn, and other proteins well known to
those skalled m the art, polysacchandes, such as sepbarose, agarose, cellulose, cellulose.
beads and the hike, polymenc ammo acids such as polyglutamme acid, polyly=ine, and the
ke, ammo acid copolymers, and machve virus particles

The GapC plasmm-binding proteins may be used m therr native form or therr
finchional group content may be modified by, for example, succmylshon of lysine remdues
or reachion wrth Cys-thiolactone. A sulfhydryl group may also be mcorporated mto the
camer (or anhgen) by for example, reaction of ammo fimchions with 2-mmnothiolane or the
N-hydroxysuccmimde ester of 3-(4-dithiopyndyl propionate. Smtable carmiers may also be
modfied to mcorporate spacer arms (such as hexamethylene diamune or other bifunctional
molecules of smmilar nze) for attachment of peptides

Other switable camers for the GapC plasmmn-hinding protems of the present
mvention mclude VP6 polypeptides of rotaviruses, or fimctional fragments thereof, as
disclosed mU S Patent No 5,071,651 Also uscful 1s a fusion product of a viral protem
and the subject immunogens made by methods disclosed m U S Patent No 4,722,840 Stll
other smtable carriers mcinde cells, such as lymphocytes, since presentation m thes form
mumics the natural mode of presentation m the subject, winch grves nise to the rmmmzed
state. Altemstively, the protems of the present mvention may be coupled to erythrocytes,
prefersbly the subject's own erythrocytes. Methods of couplmg peptides to protems or cells
are known to those of skill m the art.

PFurthermore, the GapC plasmn-bmdmg protems (or complexes thereof) may be
formmlated 1nfo vaccme composttions 1n exther neutral or salt forms Pharmaceutically
acceptable salts mclude the acid addrhon salts (formed with the fres ammo groups of the ac-
trve polypoptides) and winch are formed with morgemc acids such as, for exampla,
hydrochlonc or phospbonc acads, or such orgemc acida as acetic, oxahc, tattanic, mandehc,
and the like. Salts formed from free carboxyl groups may also be derrved from morgamc
bases such as, for example, sodmum, potassrom, ammonnun, calcnym, or fernc hydroxides,

and such orgamic bases as 1sopropylamme, tnmethylamme, 2-ethylammo ethanol, mstdime,
procame, and the Iike.
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Vaccine formulations will contan a "therapeutically effective amount” of the active
ngredient, that 15, an amount capable of ehcitmg an Immune response m & subject to which
the composition 18 edrmmistered. In the treatment and prevention of mastriis, for example, a
"therepeutically effective amount” would preferably be an amownt that enhances resistance
of the mammary gland to new mfection and/or reduces the clmical seventy of the disease
Such protection will be demonstrated by erther a reduction or lack of symptoms normally
displayed by an mfected host, a quicker recovery ttme and/or & lowered somatic cell count
m mulk from the infected quarter For example, the ability of the compomihon to retamn or
bring the somatic cell count (SCC) m mlk below about 500,000 cells per ml, the threshold
value set by the Internstional Dairy Federation, above which, antmals are constdered to
have climcal mastrts, will be mdicative of a therapentic effect. i

The exact amount 15 readily deterruned by ons skilled m the art using standard tests
The GapC plasmm-bmding protem concentration will typically range from about 1% to
about 95% (w/w) of the compoartion, or even higher or lower 1f sppropniate. With the ;
prosent vacome formulations, 5 to 500 pg of echve mgredient per ml of myected sohzhon $ ¢
should be adequate to raige an immmological response when a dose of 1 to 3 ml per emmal
18 admrmstered.

To immumze a subject, the vaccine 15 generally admmgtered parenterally, usnally '
by mitrammscular myechon. Other modes of adoumstration, however, such as subcutaneous,
miraperttoneal and miravenons mjection, are also acceptable. The quantrty to be
admmstered depends on the ammal to be treated, the capacity of the anmmal’s rmmune
system to synthesize antihoches, and the degree of protection deaired. Effective dosages can
bo readily estabhehed by one of ordmary skill m the art through routme trials establishing '
dose response curves The gubject 18 immumzed by admmmstraton of the vaccine m at least
one dose, and preferably two doses Moreover, the ammal may be admimstered as many :
dosea as 18 required to mamiam a state of mmmsty to mfection.

Addrtional vaccine formulations winch are surtable for ofher modes of :
admmistretion mcinde suppositonies and, m some cases, aczscl, mnfranasal, oral [
formmulations, and sustained releass formmlations For suppomtones, the velncle !
composthion will melude tradrionsal hmders and carmners, such as, polyalkahne glycols, or
tnglycerides Such suppositories may be formed from mixtures contmnmg the actrve !
ngredient m the range of about 0 5% to abont 10% (w/w), preferably about 1% to about
2% Oral vehicles molnde such normally employed excyments as, for exemple,
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pharmaceutical grades of manmtol, lactose, sterch, magnesium, stearate, sodmum sacchann
cellulose, magnesium carbonate, and the like. These oral vaccine compositions may be
taken 1 the form of solutions, suspensions, tablets, pills, capsules, sustamed release
formulations, or powders, and confam from sbout 10% to about 95% of the active
mgredient, preferably about 25% to about 70%

Intranasal formulations will usually mnclude velcles that nerther canse imitation to
the nasal mucosa nor significantly disturb cihary fimction. Diluents such as water, aqueous
salins or other known substances can be employed with the subject mvention, The nasal
formmlatons may also contain presarvatives such as, but not lumted to, chlorobutanol and
benzalkomum chlonde A surfactant may be present to enhance absorption of the subject
proteins by the nasal mucosa,

Controlled or sustamed release formulations are made by mcorporahng the protein
mto carners or vehicles such as liposomes, nonresorbable mmpermeable polymers such as
ethylenevmy] acetate copolymers and Hytrel® copolymers, swellable polymers such as
hydrogels, or resorbable polymers such as collagen and certam polyacids or polyesters such
as those used to maks resorbable sutures The GapC plasmm-bindmg protens can also be
dehvered usmg mplanted mmi-pumps, well known m the art.

The GapC plasmn-bindmg protems of the nstant mvention can also be
admmnstered via a camer virns which expresges the same Carner viruses winch will find
use wrth the mstant invention mcthuds but are not hmited to the vaccinie and other pox
viruses, adenovirus, and herpes virus By way of example, vaccimie virus recombmants
expressing the novel protems can be constructed as follows The DNA encoding the
particular protein 18 first mserted mio en appropnate vector so that 1t 13 adjacent to 2
vaccima promoter and flanking vaccuma DNA sequences, such as the sequence encodmg
thymidine kmase (TK) This vector is then used to transfiect cells which are srmultaneously
mfected with vaccima. Homologous recombmation serves to msert the vacemma promoter
plus the gens encoding the mstant protem mto the viral genome The resulimg TK”
recombinant can be selected by culturmg the cells 1n the presence of 5-bromodeoxyundine
and mclang viral plaques remstant thereto

An sltermative route of admmmstration involves gene therapy or nucleic acad
mmumzation. Thus, mcleotide sequences (and accompanymng regulatory elements)
encoding the subject GapC plasthm-binding protems can be adrmmstered directlyto a
subject for m vivo trenslation thereof Alternatively, gene tremsfer can be accomplished by
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transfecting the subject's cells or tissues ex vivo and remtroducmg the transformed materzal
mto the host. DNA can be directly introduced mto the host organism, 1 ¢., by mjection (see
International Publication No W0/90/11092, and Wolff et a1 (1990) Science 247 1465-
1468) Liposome-mediated gene transfer can also be accomphshed usmg known methods
See, e.g , Hazinsk et al (1991) Am. J Respir Cell Mol. Biol 4 206-209, Brigham et al
(1989) Am. J Med Sci. 298 278-281, Canomco et al (1991) Clin. Res 39 219A, and Nabel
et al (1990) Science 249 1285-1288 Targeting sgents, such as antibodies directed agamst
surface anhigens expressed on specific cell types, can be covalently conjugated to the
hpoeomal surface so that the nuclesc acid can be delivered to specafic issues and cells
susceptible to mfection.

Diagnoshic Agsays

As explaned above, the GapC plasmn-bmding protems of the present mvention
maey also be used as diagnostics to detect the presence of reactive antibodies of
streptococens, for example S. dysgalactiae m a biological sample in order to determme the
presence of streptococcus mfechon. For example, the presence of antibodies reactrve with
GapC plasmin-bmding protems can be detected using standard electrophoretic and
immunodiagnostic techmques, mohidng immimoassays such as competition, dect
reaction, or sandwich type assays Such assays mclude, but are rot hmited to, Westem
blots, agghvhnation tests, enzyme-labeled and mediated rmmmoassays, such as ELISAs,
biotw/avidin type assays, radiopmymmmoassays, rmmunoelectrophoresis,
immunoprecipitation, etc  The reactions generally mclude reveahng labels such as
fluorescent, chemhnnmescent, radioactve, enzymatic labels or dye molecules, or other
methods for detecting the formaton of & complex between the autigen and the antibody or
axtibodies reacted therewnth,

The aforementioned assays generally involve separahion of unbound antibody 1 a
liqud phase from a solid phase suppart to which antigen-antibody complexes are bound.
Sohd supports which can be used m the practice of the mvenhon mclunde substrates such as
mirocelinlose (¢.g , :n membrans or microtiter well form), polyvmylchlonde (e.g., sheets or
mucrotrter wells), polystyrens latex (e.g., beads or mcrotiter plates), polyvnrylidme
fluonde, diazotized paper; nylon membranes, activated beads, magnetically responsive
beads, and the like.
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Typically, a solid support 15 first reacted with a solid phase component (¢ g , one or
more GapC plasmm-bmdimng protems) undar stable bmding condibioms such that the
component 18 sufficiently immobihized to the support. Sometimes, immobilization of the
antigen to the support can be enhanced by first coupling the anhigen to a protein with better
bindmng properties Suitable coupling protems mnclude, but are not hmited to,
macromolecules such as serum albumins mcluding bovine serum albumin (BSA), keyhole
hmpet hemocyanin, mmmunoglobulin molecules, thyroglobuhn, ovalbunun, and other
protemns well known to those skilled in the art. Other molecnles that can be used to bind the
anhgens to the support mclude polysacchandes, polylactc acids, polyglycolic acids,
polymeric emuno acids, amuno acid copolymers, and the hke Such molecules and methods
of coupling these molecules to the antigens, are well known to those of ardmary skiil 1n the
art, See, e.8., Bunkley, M.A. Bioconyugate Chem. (1992) 3.2-13 Hasinda et al., J Appl.
Biochem. (1984) 6 56-63, and Amaneyulu end Staros, International J of Peptide and
Protesn Res (1987) 30 117-124

After reacting the solhid support with the sohd phase component, any non-
immob1iized solrd-phase components are removed from the support by washmg, and the
support-bound component 15 then contacted wath a biological sample suspected of
contamnmg hgand moieties (e.g., antibodies toward the immobihzed anhgens) under suitable
binding conditions  After washing to remove any non-bound hgend, a secondary bmder
moiety 15 added under surtable bmding conditions, wheremn the secondary bmder 15 capable
of associating selectrvely with the bound hgand. The presence of the secondary binder cah
then be detected umng techmques well known 1n the art.

More particularly, an ELISA method can be used, wherem the wells of a macrohter
plate are coated with a GapC plasmm-bmdmg protem A biological sample contarmng or
suspected of contarmng anti~GapC plasmmn-bindmg protem immunoglobulin molecales 1s
then added to the coated wells After a penod of mcubation sufficient to allow antibody
binding to the :mmobihzed entigen, the plate(s) can be washed to remove unbound moreties
and a detectably labeled secondary bindmg molecuie added. The secondary binding
molecule 18 allowed to react with any captured sample mtibodies, the plate washed and the
presance of the secondary bindmg molecule detected usmg methods well known m the art.

Thus, mn one particular embodiment, the presence of bound ant-GapC plasmm-
bindmg snhigen hgands from & biological sampie can be readily detscted usmg a secandary
bmder compnising an sntibody drected agamst the antibody hgands A number of ant-
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bovine mmunogiobulin (Jg) molecules are known m the art which can be readily
conjugated to a detectable enzyme label, such as horseradish peroxidase, alikaline
phosphatase or urease, usmg methods known to those of skill m the art. An appropnate
enzyme substrate 18 then nsed to generate a detectable signal. In other related embodiments,
competitive-type ELISA techniques can be prachced usmg methods known to those glalled
m the art.

Assays can also be conducted 1n solution, such that the GapC plasmun binding
protemns and antibodies specific for those proteins form complexes ymder precipitating
condihons In one particular embodiment, GapC plasmin-binding proteins can be attached
to a solid phase parhicie (o.g., an agarose bead or the like) usmg couplng techmques known
in the art, such as by direct chemical or mdwrect coupling The antigen-coated particle 1s
then contacted under smtable bnding condrbons with a biological sample suspected of
contamng antibodies for the GapC plasmm-bmding protemns  Cross-limlong between bound
antibodies causes the formahon of particle-antigen-antibody complex aggregates which can
be precipitated and separated from the semple using washing and/or centrifugation. The
reaction mixture can be analyzed to determme the presence ar absence of antibody-antigen
complexes using any of a number of standard methods, such as those immunodiagnoshc
methods described sbove

In yet a further embodment, an mmmunoaffinity matnx can be provided, wherem a
polyclonal population of antibodies from a biological sample sugpected of contamnmg anti-
GapC plasmin-bmdmg molecules 15 mmmobihzed to a subatrate. In this regard, an mitial
affimity punification of the sample can be camed out usmg mmobihzed antigens The
resultant sample preparation will thus only contam anti-streptococens moieties, avordng
potential nonspecific bmdmg properties m the affimty support. A mumber of methods of
immohhzng mmumoglobuling (erther mtact or m specific fragments) at ngh yield and
good retenhion of antigen bindmg activity are known m the art. Not being hmited by any
particular method, 1mmobihzed protem A or protemn G cim be used to 1mmobihze
mmmoglobuima.

Accordingly, once the immmoglobulin molecules have been mmmobihized to provade
an mmunoaffimity matnx, labeled GapC plasmn-binding protemns are contacted with the
bornd antibodies under smtable bindmg condthons After any non-specafically bound
sutigen has been washed from the immumoaffimity support, the presence of bound anhgen
can be determmed by assaymg for Inbel usmng methods known mn the art.
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Additionelly, antibodies raised to the GapC plasmm-binding protems, rather than the
GapC plasmin-bimding proteins themselves, can be used m the above-described assays
order to detect the presence of antibodies to the proteins m & given sample These agsays
are performed essentially as described above and are well known to those of skill in the art.

The sbove-described assay reagents, incinding the GapC plasmin-binding proteins,
or antibodzes thereto, can be provided m lats, with smtable mstructions and other necessary
reagents, 1n order to conduct immunoassays as described above The Iat can also contan,
depending on the particular immimoassay used, smitable labels and other packaged reagents
and matenals (1 ¢ wash buffers and the hks) Stapndard rmmunoassays, such as those
described above, can be conducted using these kats

Deno’is O TAINS BT A Frachcing 1h AYennon

A deposit of biologically pure cultures of the following strains was made with the
American Type Culture Collection, 10801 Umversity Boulevard, Manassas Virgmia, under
the provisions of the Budapest Treaty The accession number mdicated was assigned after
successful viability testing, and the requisite fees were paid. The designated deposits will
be mantaned for a peniod of thirty (30) years from the date of deposit, or for five (5) years
after the last request for the depomt, winchever 18 longer Should a culture become
nonviable or be madvertently destroyed, or, m the case of plasrmd-contarmmng stramns, lose
1ts plagmid, 1t will be replaced with a viable culture(s) of the same taxonomic descniphion.

Should there be a duscrepancy between the sequence presented m the present
epphication end the sequence of the gene of interest 1n the deposited plasrmd due to ronhine
sequencing errors, the sequence m the depomted plasmmd controls

Bactenal Plasmid Gene Deposit Date  ATCC No
Strain

E cols pET15bgapC gapC May 31,2000 PTA-1976
BL21 DE3 (S dysgalactiae)

E coh pMF521c gapC May 31,2000 PTA-1975
BL21 DE3 (5. agalachiae)

E coli pMF521a gapC May 31,2000 PTA-1973
BL21 DE3 (3 ubens)
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E cols pMF52le gapC May 31,2000 PTA-1972
BL21 DE3 (S nuae)

3 EXPERIMENTAL

Below are examples of specific embodiments for carrymg out the present mvention.
The examples are offiered for 1llustratrve purposes only, and are not mtended to hmit the
scope of the present mvention m any way

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

Majenals and Mefhods

Enzymes were purchased from commercial sources, and used according to the
manufacturers’ drections

In the 180lation of DNA. fragments, except where noted, all DNA manmpulations
were done according to standard procedures See, Sambrook et al., supra Restnction
enzymes, T, DNA lLigase, E. colf, DNA polymerase 1I, Klenow fragment, and other
biological reagents can be purchased from commercial supphers and used accarding to the
mannfacturers’ directions. Double strended DNA fragments were separated on agarose gels

Sources for chenucal reagents generally mclude Sigma Chenmical Company, St.
Lows, MO, Alnch, Milweunkee, W1, Roche Molecular Biochermcals, Indianapohs, IN

Creparation Q) gyseainctige L hromosomal LN A

A clmical S. dysgalactiae 1solste from a case of bovine mastrtis (ATCC Accession
No ATCC43078) was obtaned from the Amencan Type Culture Collection (10801
Unuversity Boulevard, Manassas, VA 20110-2209), and was used as a source of DNA. The
organism was routmely grown on TSA sheep blood agar plates (PML Microbiologicals,
Mississauga, Ontano) at 37° C for 18 hours, or m Todd-Hewntt broth (Oxoid Lid.,
Hampshire, England) supplemented with 0.3% yeast extract (THB-YE) at 37° C, 5% CO,
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Chromosomal DNA. was prepared from S. dysgalactiae grown m 100 ml of THB-YE
supplemented with 20 mM glycine for approxamately 6 hours, unhl an Ag, of 0 8 to 1 0 was
reached Cells were harvested end re-suspended 1z 50 mM EDTA, 50 mM Trs-HCl, 0 5%
Tween-20® (Sigma, St. Lows, MO) and supplemented with RNase A (200 mg/ml),
protemnase K (20 mg/ml), lysozyme (100 mg/ml) and mutenolysin (100 mg/ml) (SIGMA,
St Lowms, MO) Following bactenal lysis for 30 minutes at 37° C with vigorous shaking,
guamdine hydrochlonide and Tween-2®, pH 5 5, were mixed with the lysate to give a final
concentration of 0 8 M and 5%, respectively This muxture was meubated at 50° C for 30
mnutes The chromosomal DNA was then punfied usmg a Qragen genomuc-tp 100g
(Quagen, Santa Clanta, CA) and precipitated using O 7 volumes of 1sopropanol The
resulting pellet was washed 1n 70% ethanol and re-suspended 1n 0 5 ml 10 mM Tns-HCl,

pHB8 8

B

Mnullis, U S Patent No 4,683,202,) The forward pnimer, gapCl, contained an Nde!
restnction (SEQ ID NO 1, shown 1 Table 1) and the reverse pnmez, gapClr, contaned a
BamHI site (SEQ ID NO 2, shown m Table 1) In the preceding primer sequences, depicted
m Table 1, underhning denotes mcleotides added to the onginal sequence, and bolding
mdicates the location of restnichion endomuclease recognition sites

PCR was camed out usmg Vent DNA polymerase (New England Biolebs,
Mississauga, ON, Caneda) 0 7 pug of §' dysgalactize chromosomal DNA was incobated m
a reaction muxture contammg 1uM of each of the preceding primers, 200 uM each of dATP,
dTTP, dCTP and dGTP, 3mM MgSO,, 1x concentration of Thermopol buffer (New
England Biolabs, Mississauga, ON, Canada) and 2 umts Vent DNA polymerase. This
nxture was meubated for 3 amphfication cycles of 1 muute at 94°C, 3 minutes at 50°C
and lmnnte, 10 seconds at 72°C, then for 27 emphfication cycles at 15 seconds at 95°C,
30 seconds at 55°C, and 1 mmute at 72°C, and finally for 1 cycle of 5 munntes at 72°C
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TABLE 1

Sequence Identification Numbers
and

Corresponding Nucleotide and Amino Acid Sequences

SEQIDNO | Name Sequence
1 Promex gapCl § GG QGG CGG CAT ATG GTA GTT AAA QTT
GGT ATT AACGG -3
2 Prmuer gapClx 5-GCGGATCCTTA TIT AGC GAT TIT TGC
AAA GTA CTC-3'
k| Streptococcus dysgalacilae
gapC gene (see Figure 1)
4 Streptococcus dysgulactiae
GapC proten
5 Streptococcus agalactiae
gapC gene (sce Fagure 2)
6 Streptococcus agalactiae
GapC protem
7 Strepivcoccus uberis
o (seo Fagure 3)
8 Streptococcus uberis e
GuapC protem
9 Streptococcus parauberis
gapC geno "
10 Streptococcus parauberis (so0
GapC protem
11 Streptococcus inlae
gapC gens " 2
12 Strepiococcus inias e
GapC protem
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The gapC PCR product was cloned mto the expression vector pET15B (Novagen,
Madison, WI) which bad been digested with BamHT and Ndel Clonmg of the PCR product
mto this site results m the addition of an in-frame coding sequence for a hexahmstidy] tag to
5  the gapC coding sequence Subsequent expression yields a full-length protem wrth an
attached histidme tag, which permits punification of the protem onder non-denatunng
conditions using metal chelate chromatography
This construct was used to transform E colt BL21 DE3 (Life Technologtes,
Gaithersburg, MD) This transformed stram was designated BL21 DE3 (pET15bgapC)
10 (ATCCNo )

b 15 The gapC gene were prepared from other 18olates essenhally as described above
Chromosomal DNA from S. agalactiae, S uberis and §. parauber:s was 1solated
from stramns obtamned from the Amencan Type Culture Collection (10801 Umversity
Boulevard, Manassas, VA 20110-2209, strems designated ATCC 27541, 9927, end 13386,
respectively) Chromosomal DNA from S. zuae was 1solated from a stram demgnated 9117
20 obtamed froon Mount Sinai Hospital, Umversity of Toronto
The primers used to amphfy the gapC gemes from the Streptococcus strams hsted
above were the same as those used m the case of ' dywgulactiae, 1 ¢, pnmer gapClI (SEQ
ID NO 1) and pnmer gapClIr (SEQ ID NO.2)
After amphfication, the PCR product m each case was cloned mto pPCR-Script,
25  using the clonmg protocol described 1 the PCR-Scnpt Amp clomng Kit (Stratagene, La
’ Jolla, CA) The PCR product msert was then excised using Ndel end BamHT and re-cloned
mto those sites m pE15b using conventional clomng protocols (See ¢.g., Sambroak et al ,
supra) The plasmds contmnmg the § agalactiae §. uberss S. parauberis and § mae
were designated pMF521c (ATCC No ), pMF521a (ATCC No ), pMF521d (ATCC No ),
30 and pMF521e (ATCC No ), respectively
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Sequences homologous to gapC of . equrstmilis hamolog (Gase, et al (1996)
European J of Brochem. 239 42-51) were ongnally 1dentified while sequencmng a linked
but unrelated gene of §' dysgalactiae. To obtam the complets sequence of the §
dysgalactiae gapC gene, PCR was employed usmg the pnmers described ebove, 1 ., primer
gapCl and prrmer gapClr

The sequence was determined usmg flucrescence tag termmnators on an ABI 373
DNA automatic sequencer (Applied Biosystems, Emerywille, CA) at the Plant
Biotechnology Institute (PBL, Saskatoon, Canada)

both 1 depicts the codmg sequence of the gapC gene from S. dysgalactiae
(DysGapC) (SEQ ID NO 3) and the deduced ammo acid sequence (SEQ ID NO 4)

The sequences of the GapC proteins 1solated form S. agalactiae, S. uberis S
paraubens and S e were determmed by the same method.

Figures 2 through 5 depict both the nucleotide sequences and the predicted amno
acad sequences for the § dysgalactiae GapC protemn (DysgalGapC) (SEQ ID NQ.3 and SEQ
ID NO 4), a5 well as for the GapC protems of S agalactiae (AgaiGapC) (SEQID NO 5 and
SEQ ID NO 6), S ubens (UberGapC) (SEQ ID NO 7 and SBQ ID NO 8), S paraubers
(PUberGapC) (SEQ ID NO 9 and SEQ ID NO 10), and § smae (ImacGapC) (SEQ ID
NO 11 and SEQ ID NO 12), respectively

The § dysgalactiae GapC protemn gene depicted m Figures 1A-1B codes for a 336
ammo acid protem winch does not sppesr to contam exther a signal sequence or membrane

auchor doman. A search of the GenBank database using the BLASTX program revealed
that the open reacdmg frame was 95 5% homologous to GapC of S. equistmilis (GenBank
Accession No X97788) end 99 4% homologous to GapC of S. pyogenes (GenBank
Accession No M95569) The predicted ammno actd sequence of the GapC protem also
exhibited 43% ammo acid 1dentity to bovine glyceraldehyde-3-phosphate dehydrogenase
(GenBank Accession No UB5042)

Smmlarly, for the §. agalactiae, S ubens S parauberis end S. wuae GapC protewn
sequences, nerther mignal sequences nor membrane anchor domarns appear to be present.

Sequence homologies are tabulated m Teble 2
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TABLE 2
Sequence Homologies Between Various GapC Protein Sequences

S equinmihs pyogenes Bovine GAPDH
S dysgalactise 95.5% S4.4% 43%
S agalactize 87 02% 9107%
S. parauberis 8631% 90 7% (not dstermmed)
S. uberis 88 39% 92.26%
S, tniae 86 31% 89 86%

The Hexahistidyl-tagged GapC protein was expressed and punfied under non-
denaturing condrtons using metal chelate (Ni-NTA) affintty chromatography

E coli BL21 DE3 contaimmg the recombmant plasnud was grown m Luna Broth,
contammg 100 pg/ml ampcillm to an A, of epproxmmately 0 5 Expression of the GapC
protein was them mduced by the addition of 1 mM 1sopropyl-B,D-thiogalactomde (IPTG)
(Sigma, St. Loms, MO] Following three hours meubation st 37°C, cells were harvested,
washed 1n colurmm buffer (50 mM sodmm phosphate buffer, pHS 0, 0 3 M NaCl, 10 mM
mmdazole) and lysed by somcation.

Approximately 40% of the recombmant protein was m the soluble fraction of the
cell sonicate with a yreld of epproxamately 50 mg of the recombmant protem per hire of
culture volume, determuned with a DC Protein Assay Kit (Bio-Rad Laboratonies
Mississanga, ON, Canada) nsing bovme serum albummn (Paerce, Rockford, IL) as a
standard.

The lysate was cleared by centnfugation and the soluble fraction was apphed to a
Ni1-NTA column (Quagen), which was subsequently washed with 10 columm volumes of
cohmmm buffer (as above, except contmnmg 20 mM mudazole) The Hexahishdyl-tagged
GapC was eluted usmg column buffer (as above, except contammg 250 mM mudazole),
yrelding a homogenous protemn frachon having & GapC concentration of 10-15 mg/ml. That
fraction was dialyzed agamst 2000 volumes of PBSA (136mM sodium chlonids, 2 6mM
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potassium chlonide, 8 1mM godium phosphate dibamic, 1 46 mM potasgium phosphate
monobasic)

Expression and punfication of the recombinant protems from these sireptococcus
species 1s accomphshed by the same methods described in Example 1E, above The
transformed bactenal strains used to express the S. agalactiae, § uberss S parauberis and
§ iniae recombmant GapC protems were demignated BL21 DE3 (pMF521c) (ATCC No ),
BL21 DE3 (pMF521s) (ATCC No ), BL21 DE3 (pMF521d) (ATCC No ), and BL21
DE3 (pMF521e) (ATCC No ), respectively

SDS-polyacrylarmde gel electrophoresis was performed on a sample of the eluted
protein usmg the method described by Lasmh (Laembh, UX. (1970) Nature 227 680-685)
The results are presenied m Figure 18 In the figure lane 1, molecular weight markers (20 5
to 103 kDa range, BioRad Laboratonies, Emerywlle, CA), lane 2, soluble recombmant §
dysgalactiae GapC protem punfied by Ni-NTA affimty chromatography

These results demongtrate that punfication by affimty chromatography on a Ni-NTA
column yielded a homogenous protemn frachon.

GAPDH catalyzes the oxidative phosphorylation of D-glyceraldebyde-3-phosphate
to 1, 3-diphosphoglycerate 1n the presence of NAD" and morgamc phosphate The hugh
degree of hamology of GapC to streptococcal glyceraldehyde-3-phosphate dehydrogenase
suggested that GapC may exinbit thus enzyme activaty

The GAPDH activity of § dysgalactiae whole cells (10" CFU) and the recombmant
GapC protem was determined by measunng the reduchon of NAD* o NADH. Ths assay
buffer was composed of 40 mM triethanolamme, 50 mM Na, HPO, and 5 mM EDTA, pH
68 & dygalactiae cells or 5 mg of punfied recombmant protem were mcubated m assay
buffer contammg 7 ml glyceraldehyde-3-phosphate (49 mg/ml, Sigma Chemmcal Compamy),
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75 microliters NAD* (15 mM, Sigma Chermcal Company) 1n a final volume of 1 ml
Negative controls consisted of samples which did not cantan glyeraldehryde-3-phosphate or
the recombmant GapC molecule/S. dysgalactioe cells The reduction of NAD* to NADH
was momtored spectrophotometrically at an Absorbance of 340 nanometers.

The results mdicated that both the recombinant protein as well as mtact wild-type S.
dysgalactiea cells had enzymatic activity (not shown) Furthermore, when §' dysgalactiae
cells were treated with Trypsin to digest surface proteins, GAPDH activity disappeared
Thus, the enzymatic activity observed for the mtact wild type celis was not due to
mtracellular GAPDH

Thus data suggests that the GapC protern 1s localized on the cell surface despate the
apparent lack of exther a mgnal sequence or a membrane anchonng region m either the
nucleotide or amino acad

A microplate assay was used to determune 1f the recombinant GapC protemn was
capable of bmdmg bovme plasmm, and if so whether the bound plasmm was 1n an
enzymatically active form.

Ninety-six-well mcrotrter plates were coated wrth 5 mg of purified recombnant
GepC protem, washed 3 times with 0 1% gelatm-PBSA with 0 05% TWEEN 20 (PBSGT)
The wells were blocked for one honr at 37° C m the same buffer, washed, and mcubated
with 200 ml of bovine plasmin (0.25mg/mi, Boehnnger Manmheim, Indienspoha, IN) for 1
hrat37° C The wells were then washed 8 ttmes with PBSGT 200 ml of the synthetic
substrate chromazine-PL (Tos-Gly-Pro-Lys4-NA, 0 3 mg/ml) were added to the wells and
mcubated at 37° C for one hour The presence of associated plasmmn activity was
determined by measunng the level of paramtroanahde (4-nitramime) released mto the
supematant and detected based on an Absorbance of 405 nanometers. A gmmlsr procedure
was used to measure plasmm-bmding actvity of S dysgalactize whole cells, with the
excephon that 10" cells were washed with PBSGT and re-suspended m 400 yl chromazme-
PL (0 3mg/ml) and mcubated for 1 hour at 37°C

The results, shown 1n Figure 19, demonstrate that the punified recombmant protemn
was capable of binding enymatically actrve bovine plasmin. Likewise, when S.
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dysgalactiae whole cells were utihzed, similar results were obtammed. In the figure, the data
represents the mean of three mdrvidual assays
Thus, the plasmin-receptor 18 located on the surface of S dysgalactiae and the

punfied protemn retains biological activity

A Z ] et ZE 4 nfection of cattle
Vaccines were fonmulated m such a fashion that they contained 50 mg/ml of affinity
punfied recombmnant GapC n the o1l-based adjuvant VSA3 (VIDO Saskatoon,
Saskatchewan, Canada) VSA3 1s a combimshon of Emulsigen Plus™ (MVP Laboratonies,
Ralston, Nebraska) and Dmethyldioctadecyl ammonmum bromide (Kodak, Rochester, New
York) Theaﬁmty—punﬁedmombmn‘ntGapCpmtﬂnusedﬁJrﬁemumeprcparanonu
shown m Figure 18
Twenty-four non-lactating Holsterns with no hustory of § dysgalactiae mfection '
were obtamned from various farms m Saskatchewan, Canada. One week pnior to
vaccination, all ammals were treated with Cepha-dry™ (Ayerst Laboratories, Montreal,
Canada) (300 mg per quarter), mn order to clear auy mfection of the udders pnior to the
vaccmation step
Groups of 8 antmals were immumzed subcutaneously with two doses of vaccmes
contatnmg § dysgalactize GapC, Mig (an Fc receptor protem 1solated from §. dysgalactae
whach was evaluated summiteneously), or a placebo with a three-week mterval between '
mmmumzatons Two weeks following the second mmmumzahon, animals were exposed to
650 colony forming units of § dysgalactias delivered mto three quarters with an udder |
mfusion canpula. The fourth quarter on each anmmal served as sm un-mfective control .
All ammals were exammed daily for clmcal signs of disease and samples from all
udder quarters were collected on each day Samples were observed for consistency and I
somehc cell counts as well as bacterial numbers were determumed.

W VR R CF MR & TEL

s

mmmunosorbent sssay (ELISA) Brnefly, mcrotiter plateg (NUNC, Naperville, Illmo1s)
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were coated by addmg 1 microgram per well purified recombinant antigen 1n 50mM sodium
carbonate buffer, pH 9 6, and mncubated overnight at 4° C  The hqud was removed snd the
waells were blocked with 3% bovme senmn afburmn for 1 br at 37° C  Senal dilutions of
bovine serum (from 1 1 4 to 1 1 6,400) were then added to the wells and mncubated for 2
hours at room temperature  The wells were aspirated, washed and meubated with 100 ml of
elkahne phosphatase-conjugated goat ant-bovine IgG (Kirkgaard & Perry Laboratones
Inc ,Garthersburg, MD) for 1 br at room temperature The weils were washed again, and
100 pl of p-mtrophenol phosphate (SIGMA, St. Lows, MO) was added as a substrate to
detsct alkaline phosphatase activity The absorbance at 405 namometers was recorded
followmng 1 br menbation with the substrate at room temperature.

‘Where refexred to m the figures, the specific antibody titer 18 expressed as the
reciprocal of the dilution showing activity shove background levels

EXAMPTE4
Bactcnal Colomzahon

Bactena were enumerated by spreadmg senal ditwtians (10° to 10*) drrectly onto
TSA sheep blood agar plates followed by overmght mcubation at 37°C, 5% CO,
Colonization 18 defined as >500 cfi/ml of the challenge orgamsm recovered.

To confirm that the bactena recovered from milk secretions were S. dysgalactiae,
selected colonies recovered from each anmmal were tested usmg an API strep-20 test
(bioMeneux SA, Hazelwood, Missour:) accordmg to the mamfacturer’s mstructions This
test 13 a standardized method combmmg 20 biochemcal tests for the determmation of
enzymahc achvity and farmentation of sugars The reachons are read accordmg to a readmg
table and the identification 18 obtamed by cither referring to the analytical profile mdex or
using 1dentification software.

Followmg challenge, anmmals from al] groups were shown to be colomzed by §
dysgalactiae (Figure 20) Only the GapC-mmmumzed cows had & statistically sigmificant
reduction 1n the mmmber of mfected quarters and total mmbers of bactena isolated per
quarter Therefore, mmumzation with GepC rednced bacterial colomzation following
challenge with S. dysgalactize

The relationship between anti-GapC titer and bactenal colomzation 15 shown n
Figures 21 and 22 There was a strong correlahion between anh-GapC serum antibody level
gud the maxymum number of bactena (expressed m CFU (log,)/m] mulk) found m any
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querter r =0 74) (Figure 21) a5 well as the total mmmber of mfected quarters (2 =0 74)
(Figure 22) Correlation was calculated usmg GraphPad Prism software, version 2 01
(GraphPad Software Inc , San Diego, Califorma)

This correlation 18 also iflustrated m Figure 23 and 24 where the GapC-mmmumzed
group 18 subdivided mto high titer and low titer responders In these figures, “low titer
responders” refer to the four amynals with the poorest response agamst GapC whule “high
titer respondexs’ refer to the remainder of the group No colomzation-occurred 1n the lagh
titer group while even the low titer group showed reduced numbers of bactena recovered
after day 3

Letermination HOLGE

Inflammatory response was measured as a finction of somatic cell count 1 e,
lymphocytes, neutrophils, and monocytes) Somatic cell counts were measured 1n a Coulter
counter uging standard techniques, as recommended by Agricuiture and Agri-Food Canada
Pamphlet IDF50B (1985) Milk and Milk products—Methods of Samphng Samples were

always read within 48 hours of collechion and fixation, at days 1 through 7 post challenge
The numbers of somatic cells present n the gland was determined on each day post

challenge. Numbers from the unchallenged quarter remamed constant throughout the trial
whle on day 1, the GapC group was lower than the placebo-mmmumzed group (Figure 25)
The cifference between the GepC and the placebo groups was statistically sigmficant. The
mdividual data from day 1 18 shown 1 Figure 26, data for GapC-treated ammals overa 7
day penod post-challenge 18 shown m Figure 27 Samples from the quarters of GapC-
mmumzed anomels were mdistinguishabie from unchellenged quarters.

Therefore, mmumzation with GepC reduced the mflammatory response following
challenge with S' dysgalactiae

L TOBR-DIOIECIION AFEID DETES mection

Dunng the last 3 days of the vaccme tnial, a mxed populahon of bactena were
recovered from the mammary gland secretions Further snalysis with the APT 20 Strep test
confinned the identrty of the strams present m the mixture as S. dysgalactiae and S. uberis,
the latter representing a natural mfiection winch occmred dormng the tnal. The group which
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was immumzed with GapC appeared to be mignificantly cross-protected agemst §. uberis
colomzation (sec Figure 20), mdicating that GapC may be a broadly cross-protective
antigen capable of protecting agmmnst mfisction by multiple Streptococcal species

Thus, vaccmahon with § dysgalactiae GapC 18 therefore capeble of providing cross-
protection agamst S. ubenis mfechon.

Ll ot i DL L L L Ll L L L

Thus, the clomng, expression and charactenzation of vanous GapC plasmin bmding
protems 18 disclosed, as are methods of usmg the same. Althongh preferred embodiments of
the subject mvention have been described m some detal, 1t 18 undexstood that obvious
variations can be mada wrthout departing fram the spmt and the scope of the invention as
defined by the appended claims
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1 An isolated GapC protein selected from the group consisting of

(2) an 1solated Streptococcus dysgalactiae GapC protein compnismg the ammo acid
sequence shown at ammo acid positions 1 to 336, molusive, of Figure 1A-1B (SEQ ID
NO 4),

(b) an 1solated Streptococcus agalactiae GapC protem compnsing the ammo acad
sequence shown at ammo acid posttions 1 to 336, inchusive, of Figures 2A-2B (SEQ ID
NO 6),

(c) an solated Streptococcus uberts GapC protem compnzing the ammno acad
sequence shown at amino acid positions 1 to 336, mnchustve, of Figures 3A-3B (SEQ ID
NO 8),

(d) anisolated Streptococcus paraubens GapC protemn comprising the amino acad
sequence shown at amuno acid positions 1 to 336, mclusive, of Figures 4A-4B (SEQ ID
NO 10),

(c) an 1solated Streptococcus imae GapC protein compnsmg the amino acid
sequence shown at acid posttions 1 to 336, inclumve, of Figures SA-5B (SEQ ID
NO 12), and

(f) rmmumogemc fragments of (a), (b), (¢), (d) and (¢) compnsing at least about 5
ammo acids

2 Thesolated GapC protem of clamm 1, wheremn the protemn 18 a Strepfococcus

dysgalactiae GepC protemn compnsing the ammo acid sequence shown at ammo acid
posthons 1 to 336, mchustve, of Figures 1A-1B (SEQ ID NO 4)

3 The 1solated GapC protem of clamm 1, wheresn the protein 1s a Strepfococcus

agalactiae GapC protem compnemng the ammo acid sequence shown at anno acid
posthions 1 to 336, inclumive, of Figures 2A-2B (SEQ ID NO 6)

4 The 1solated GapC protemn of clam 1, wherem the protem 15 a Streptococcus
ubens GapC protem comprising the ammo acid sequence shown at amno acid posttions 1
to 336, wnclusive, of Figures 3A-3B (SEQ ID NO 8)
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5 The 1solated GapC protemn of clamn 1, wherem the protem 15 a Streptococcus
paraubenis GapC protemn compnamg the amno acid sequence shown at amuno acid
posttions 1 to 336, mclusive, of Figures 4A-4B (SEQ ID NO 10)

6 The 1solated GapC protem of claum 1, wheremn the protein 18 a Streptococcus
tmae GapC protemn compnzng the emno acid sequence shown at anino acid positions 1 to
336, inclusve, of Figures 5A-5B (SEQ ID NO 12)

7 An 1solated polynucieotide compnsing a codmg sequence for an 1solated GapC
protem according to any of clarms 1-6, or complements thereof

8 A recombmant vector comprising

(2) the 1s0lated polynucleotide of claim 7, and

(b) at least one heterologous conirol element operably hnked to smd 1solated
polynucleotide, whereby smd codmg sequence can be trenscribed and trenslated 1n a hoat
cell, and at least one of smd control elements 15 hetarologous to smd codmg sequence

9 A host cell compnamg the recombmant vector of claum 8

10 A method for producing a GapC protem, saxd method compnising culturing the
cells of claxm 9 under conditions for producng said protem.

11 A vaccme composihon comprising a pharmaceutically acceptable vehicle and a
GapC protewn, wherean said GapC protem 18 selected from the group conmistng of

(a) a Streptococcus dysgalactiae GapC protemn comprising the amno acid sequence
shown &t amuno acid posthons 1 to 336, mehsive, of Figures 1A-1B (SEQ ID NO 4),

(b) a Streptococcus agalactiae GapC protem comprismg the ammo acid sequence
ghown at ammo acid posihons 1 to 336, mclusive, of Figures 2A-2B (SEQ ID NO 6),

(c) a Streptococcus uberis GapC protem comprismg the ammo acid sequence shown
at ammo acid positions 1 to 336, mclumve, of Figures 3A-3B (SEQ ID NO 8),

(d) a Streptococcus parauberis GapC protem compnsing the ammo acid sequence
shown at amuno acad posithong 1 to 336, inclusive, of Fignres 4A-4B (SEQ ID NO 10),
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(o) a Streptococcus muae GapC protem comprising the amimno acid sequence shown
at amino acid posttions 1 to 336, mclumve, of Figures 5A-5B (SEQ ID NO 12),

(f) a Streptococcus GapC protem having at least about 70% sequence 1dentity to (8),
(®), (c), (d) and (), and

(8) mumunogemc fragments of (), (b), (¢) (d), () end (f), smd fragments
compnsing at least about 5 amimo acds

12 The vaccine compostion of claxm 11, wheremn ssd GapC protem comprises the
amno acad sequence of the Streptococcus dysgalactiae GepC protem depicted at amuno
acid posthons 1 to 336, inclusive, of Figures 1A-1B (SEQ ID NO 4) or an mumunogenic

fragment thereof, said 'fragment compnmng at least about S ammo acids

13 The vaccme composithon of clemm 12, wherein said GapC protem compnises the
amino acid sequence depicted at ammo acid position 1 to 336, mchusive, of Figures 1A-1B
(SEQID NO 4)

14 The vaccme compomihon of clarm 11, wherem said GapC protem comprises the

ammo acid sequence of the Streptococcus agnlactiae GapC protem depicted at amino acad
posmtions 1 to 336, mclugive, of Figures 2A-2B (SEQ ID NO 6) or an mmmunogenic
fragment thereof, said fragment compnsing at least about 5 amno acids

15 The vaccne composihon of claim 14, wherem said GapC protemn comprises the
ammo acid sequence depicted at amumo acid positions 1 to 336 mclusive, of Figures 2A-2B

(SEQID NO 6)

16 The vaccme composriion of clarm 11, wherem said GapC protem comprises the
ammo acid sequence of the Streptococeus uberts GapC protem depicted at amno acid
positions 1 to 336, mclustve, of Fignres 3A-3B (SEQ ID NO 8) or an immmogemic
fragment thereof, smd fragment compnsing at least about S ammo acids

17 The vaccne composition of clam 16, wheremn amd GapC protem comprises the

ammo acid sequence depicted at ammpo acid poethons 1 to 336, mehisive, of Fagures 3A-3B
(SEQID NO 8)
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18 The vaccms composition of clam 11, wheremn said GapC protemn comprnises the

amuno acid sequence of the Streptacoccus paraubers GapC protem depicted at ammo acid
positions 1 to 336, mclustve, of Figures 4A-4B (SEQ ID NO 10) or an immunogenic

fragment thereof, said fragment compnsing at least about 5 ammo acids

19 The vaccme composttion of clam 18, wherein said GapC protem comprises the
ammo acid sequence depicted at ammo acid posttions 1 to 336, melusive, of Figures 4A-4B
(SEQ ID NO 10)

20 The vaccme composition of claim 11, wherem saxd GapC protein compnses the

amino acid sequence of the Streptococcus miae GapC protein depicted at amino acid
positions 1 to 336, mnclusive, of Figures 5A-5B (SEQ ID NO 12) or an immunogenic

fragment thereof, said fragment comprising at least about 5 ammo acids

21 Thke vaccmne compoaition of clmm 20, wheremn smd GapC protein comprnises the
ammo acid sequence depicted at amimo acid posthons 1 to 336, mclusive, of Figures SA-5B

(SEQID NO 12)

22 The vaccme compomtion according to amy of claims 11-21, further compnsing
an adjuvant.

23 A method of producing a vaceme compostton compnising the steps of

(1) provading a GapC protein or an mnmmmogemec fragment thereof, sad fragment
compnsmg at least about 5 amno acids, and

(2) combining smd protemn with a pharmaceutically acceptable velucle

24 The method of clamm 23, wherem the GapC protem 15 the protemn of any of
clams 1-6

25 Antibodies directed agmmnst the 1solated GapC protemn of any of claims 1-6

26 The antibodies of clam 25 wherem said antibodies are polyclonal
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27 The antibodies of clarm 25 wheremn sai1d antibodies are monoclonsl

28 Use of a GapC protem according to any of claims 1-6 m the manufacture of a
vaccine compostion usefil for treating or preventing a bactenal infechon m a vertebrate

subyect.

29 The use of claim 28, wherem said bactenal mfection 15 a streptococcus
mfecton.

30 The use of claim 29, wherem said bactenal infechion cauges mastihs

31 TUse of a polymcleotide according to clamm 7 m the manufacture of a vaccine
composition for treating or preventmg a bactenal mfection 1n a vertebrate subject.

32 The use of claim 31, wherem said bactenal mfection 18 a streptococcal mfecton.

33 The use of claim 32, wherem smd bactanal mfection canses masttis

34 Use of a GapC protein m the manufecture of a diagnostic reagent for detecting
Streptococcus antibodies 1 a biological sample.

35 Use of 2 GapC protem accordmg to any of clamms 1-6 1n the manufacture of &
diagnostic reagent for deteching Streptococcus antibodies m a biological sample.

36 Use of anhbodies according to eny of clarms 25-27 m the menufacture of 2
disgnostic reagent for detecting & GapC protem m & biological sample.

37 Anmmumodugnostic test kit for detecting Streptococcus mfection, smd test kit
compnsmng a GapC protemn and mstructions for conducting the mmmmodiagnostic test.

38 An mmmmodiagnostic test kit for detechng Sireptococcus infection, smd test kat
compnsmg antibodies directed agmnst a GepC protem and instructions for conducting the
mmunodiagnostic test.
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39 A method of treating or preventng a bactenal infection 1n a vertebrate subject
compnsing admimstenng to said subject a therapeuhically effective amount of a vaccine

composthon sccording to any of claims 11-22

40 The method of claim 39, wherem said bactenial infection 1s a etreptococcus
imfection.

41 The method of claim 4) wherem samid bacterial infechon causes mashtis

42 A method of treating or preventing a bactenal infection m a vertebrate subject

comprising admmstenng to said subject a therapeutically effective amount of a
polynucleotide accordmg to clamn 7

43 The method of claim 42, whereimn saxd bacterial mfection 1s & streptococcal
mfectron.

44 The method of claim 43, wherein said bactenal infection causes mastitis

45 A method of detecting Streptococcus antibodies in a biological sample,
comprising

(a) reactmg said biological sample with an 1solated GapC protemn under conditions
which allow smd Streptococcus entibodies, when present m the biological sample, to bind to
said GapC protem to fonm an entibody/antigen complex, and

(b) detecting the presence or absence of smd complex, thereby detectmg the presence
or absence of Streptococcus antibodies m smd sample.

46 A method of detecting Streptococcus antibodies m a biological sample,
COTOpIISiDg

(a) reacting saxd biological sample with an 1solated GapC protein accordmg to any of
clamms 1-6 under conditions winch allow said Streptococcus anhbodies, when present m the
ological ssmpls, to bmd to smd GapC protem to form an antibody/antigen complex, and

(b) deteching the presence or absence of stud complex, thereby detechmg the presence
or absence of Streptococcus antibodies 1n said sample.
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47 A method of detectmg a GapC protemn mm a biological sample, compnsing

(a) reactng saxd sample with antibodies directed agamst the GapC protemn under
condihions whuch allow sard antibodies to bind to said GapC protem, when present 1n the
sample, to form an anhbody/antigen complex, and

(b) detecting the presence or absence of said complex, thereby detechng the presence
or shsence of a GapC protem 1n said sample
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aca act

ttt gaa
Pha Qlu
65

gaa aac
Glu Asn

PCT/CA01/00838

1/ 34

aaa
Lya Val Gly Ile Asn Gly Phe Gly Arg Ile Gly Axg Leu

gtt ggt att aac ggt ttc ggt cgt atc gga cgt ctt
5 1o as

cgt att caa aat gtt gaa ggt gtt gaa gta act cgt atc

Arg Arg Ile Glu Asn Val Glu Gly Val Glu Val Thr Arg Ile

gta
val

ate
Ile

tte
Phe

gct
Ala

115

gtt

ate
Ile

20 as 30

aca gat cea aac atg ctt gea cac ttg ttg aas tac gat
Thr Asp Pro Aszn Met Leu Ala His Leu Leu Lys Tyr Asp
40 45

gga cgt ttt gac gga act gtt guna gtt aaa gas ggt gga
Gly Arg Phe Agp Gly Thr Val Glu Val Lys Glu Gly GQly
55 60

aac gga aao ttc atc aaa gtt tct get gas cght gat cca
Asn Gly Asn Phe Ils Lyw Val Ser Ala Glu Arg Asp Pro
70 75 80

gac tgg gca act gac ggt gtt gam atc gtt ctg gaa gea

Asp Trp Ala Thr Asp Gly Val Glu Ile Val Leu Glu Ala
as 90 95
ttt get gaa gct goct gaa cac tta cat gect

aaa aan
Phe Ala Lys Ins Glu Ala Ala Glu
100 105

Hia Leu His Ala
110

ana

Lys

aaa aaa gtt gtt atc aca get ecet ggt gga aac gac gtt

Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asn RAsp Val
1a0 125

gtt ttc aac act aac cec gac att ctt gac ggt act gaa
Val Phe Asn Thx Asn His Asp Ile Asp Gly Thr Glu
135

§

tca ggt get tca tgt act aca amc tgt tta got cet atg
Ser Gly Ala Bar Cys Thr Thr Asn Cys
asD 155

ctt cac qat gca ttt ggt atc caa asma
Leu His Asp Ala Phe Qly Ile Gln Lys Gly Leu Met Thr
185 170 175

gct tat act ggt gac caa atg atc cott gac gga cca cac
Ala Tyr Thr Gly Asp Gln Met Ile Leu
180 i85
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cct aac

Pro Asn
210

ttg aat

225

gga tca

Gly Sar

Asp Glu

tac act

ggt teca
Gly Bexr

290
tca caa
Sexr Gln
305

act gct

teca
Ser

ggt
Gly

gta
Val

atec
Ile

gaa
Glu
175

ttg
Leu

ttg
Leu

caa
Glin

act ggt
Thxr Gly

aaa ctt
Lya Leu

act gag
Thr Glu

248
aac gct
Asn Ala
260
gat cca
Asp Pro

ttt gac
Phe Asp

gtt aaa
Val Lys

ctt gtt

PCT/CAD1/00838
2/34

gect gct aaa goct atc ggt ottt gtt atc coca gaa 672
Ala Ala Lys Ala Ilas Gly Leu Val Ils Pro Glu

215 220
gat ggt gct gea caa cgt gtt ect gtt cca act 720
Asp Gly Ala Ala Gln Ary Val Pro Val Pro Thr
230 a3is 240
ttg gtt gta act ctt gat ama amc gtt tot gttt 768
Leu Val val Thr Leu Asp Lys Asn Val Ser Val

450 255
get atg aaa get get tea aac gao agt tte ggt 816
Ala Met Yys Ala Ala Ber Asn Asp Ser Phe Gly
265 270
att gtt tect tca gat ate gta gge gtg teca tac a64
Ile Val Ber Bar Asp Yle Val Gly val Ser Tyr
280 485

geca act caa act aaa gttt atg gaa gtt gac gga 912
Ala Thr Gln Thr Lys Val Met Glu Val Asp Gly

295 300
gtt gte tca tgg tat gac aat gaa atg tct tac 960
Val Val Sexr Trp Tyr Asp Asn Glu Met Sar Tyr
3lo 315 330
cgt aca ctt gag tac ttt gca aaa atc got ama 1008
Arg Thr Leu Glu Tyr Fhe Ala Lys Xle Ala Lys

330 aas
1011
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£
g
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aca act caa ggt cgt

ttc gqaa gtt aac ggt
Pha @Glu Val Asn Gly

gca aac att gac tgg
Ala Asn Ile Asp Trp
85

act ggt tte ttt gea
Phe Ala

i
:

act atc cac gca tac
Thr Ile His Ala Tyr
180

cgt ggt ggt gac
Arg 4ly Gly Asp
195

a8

PCT/CA01/00838

39

3/34

ggt att asmc ggt tte ggt cgt ate ggt cgt ctt 48
Gly Ile Asn GQly Pha Gly Arg Ile Gly Arg lLeu

10 1s

caa aasc gta gaa ggt gtt gaa gtt act cgt atc 96
Gln Asn Val Glu Gly Val Glu Val Thr Arg Ile
a5 ]

cca aac atg ctt gea cac ttg ttg aza tat gac 144
Pro Asn Met Leu Ala His Leu Leu Lys Tyr Asp
40 45

ttc gac ggt act gtt gaa gtt aaa gaa gqot gga 152
Phe Asp Gly Thr Val Glu Val Lys Glu Gly Gly
55 60

caa ttt gtt aaa gtt tct gct gaa cgc gaa cca 240
Gln Phe Val Lys Val Ser Ala Glu Arg dlu Pro
70 758 a0

gct act gat ggec gta gaa atc gtt ctt gaa gca 288
Ala Thr Asp Gly Val Glu XIle Val Leu Glu Ala

tca asa gaa ama got gga caA cac atc cat gaa 336
Ber Lys Glu Lys Ala Gly Gln His Ile Hias Glu

gtt gtt atc aca get cct ggt gga aac gac gtt 384
Gly

sac act aac cac gat atc ctt gat gga act gaa 432

135 140
gct teca tgt act aca aac tgt ctt gect ceca atg 480
Ala Ser Cys Thr Thr Asn Cys Lesu Ala Pro Met
150 158 160
gac aac ttt ggt gtt aas caa ggt ttg atg act 528
Asp Asn Phe Gly Val Lys Glu Gly Leu Met Thr
170 175
act ggt gac caa atg atc ctt gac gga cca cac 576
Thr dly Asp Gln Met Ile Leu Asp Gly Pro His
185 1%0
cgt cgt got cgt gea ggt got goa asc ate gtk 624
Arg Arg Ala Arg Ala Gly Ale Ala Asn Ile Val
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cct

ttg
Leu
2238

gga
aly

gea
Glu

tat

aly

aac
Asn
aos

act
Thr

taa

aac
Asn
210

Asn

tea
fexr

gaa
Qlu

act

tca
Ser
a2%0

Gln

tea
8er

tca
Ber

ggt
Gly

gta
val

gta
val

gan
Glu
275

ttg
Leu

tty
Leu

caa
Qln

4/34

PCT/CA01/00838

act ggt gct goa ama get atc gga ctt gtt ate cca gaa
Thx Gly Ala Ala Lys Ala Ile Qly Lau Val Ile Pro Glu

aaa ctt
Lys Leu

act gaa
Thr Qlu
245

ant geca
Asn Ala
2860

gat cca
Asp Pro

ttt gat
Phe Rsp

gtt aaa
val Lys

ctt gtt
Leu Val
aas

415

a29

gat ggt got goa caa ogt gtt cct gtt coa act
Asp Gly Ala Ala Gln Arg Val Pro Val Pro Thr

ttg gtt
Isu Vval

gct atg
Ala Met

atc gta
Ile val

gct act
Ala Thr
295

gtt gtt
Val Val
310

cgt aca
Arg Thr
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a40

geca act ctt gaa aaa gac gta act gte
Ala Thr Leu Glu Lys Asp Val Thr Val

250

asn gca gca goct aac gut tea tac ggt
Asn Asp 8er Tyr My

Lys Ala Ala Ala
265

tca tct gat atc
Ber Ser Asp Ile
as8d

caa act aaa gtt
Gln Thr Lys val

tca tgg tac gat

8ex Txp Tyr Asp
315

ctt gag tac ttt

Ieu Glu Tyr Phe
330

FIG 2B

gtt
Val

270
ggt att tca tac

Gly Ile Ber Tyr
285

act gtt gac agt

Gln Thr Val Asp Gly

300

aac gaa atg tce tac
Asn Glu Mat Ber Tyr

gca

aaz atc gct maa

Ala Lys Ile Ala Lys

13s

x

&72

740

768

8l6

313

1008

1011
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atg gta gtt aas gtt
Met Val Val Lys Val

gca tte ogt cgt att
Ala Phe Arg Arg Ile
20

aac gat ctt act gac
Asn Asp Leu Thxr Asp
3s

aca act caa ggt cgt
Thyr Thr Gln Gly Arg
50

ttc gaa gtt azc gga
Phe @Glu Val Asn Qly
11

gaa aac att gac tgg
@lu Asn Ile Asp Trp
a5

act ggt tte ttt get
Thr Gly Phe Phe Ala
100

aac ggt gct aaa saa
Asn Gly Ala Lys Lys
115

act gtt gta ttt
Thr Val Val Phe
130

it

act gta att teca ggt
Thr Val Ile Eer Gly
145

gct aaa gect ttg caa
Ala Lys Ala Leu Gln

act atc cac gct tac
Thr Ile Eis Ala Tyr

cgt ggt ggt gac ctt
Axrg Gly Gly Asp Leu
185

S/ 34

ggt att aac ggt ttc
Gly Ile Asn Gly Pha
10

caa aac gtt gaa ggt
Gln Asn Val Glu Gly
as

coa aat atg ctt gca
Pro Asn Met Leu Ala
40

ttc guc ggt aca gtt
Phe Asp Gly Thr Val
55

aac ttc atc aas git
Asn Fhe Ile Lym Val
70

gca act gac ggt gta
Ala Thr Asp Gly val
S0

gea get get
Ala Ala Ala
105

aaa
Lys

t gtt atc aca gct
Val Ile Thr Ala

120

gg  3f

aac aca aac cat gac
han Thr Asn Bls Asp

ggt cgt ate
Gly Arg Ile

gtt gaa gta
Val Glu Vval

cac ttg ttg
His Lau Lau

gaa gtt asa
Glu Vval Lys
60

tet get gaa
Sear Ala Glu
75

gaa ate gtt
Glu Ile Val

gaa aas cat
Glu Lys His

cct gqt gga
Pro Qly Gly

125

att ctt gac
Ile Leu Asp
1490

aac tgt tta
Asn Cys Leu
158

aaa caz ggt
Lys Gln Gly

atc ctt guac
Ile Leu Asp

ggt geca age

PCT/CA01/00838
gga cgt ctt 48
Gly Arg Leu
15
act cgt att 96
Thr Arg Ile
3o
asa tat gat 144
Lys Tyr Asp
gat ggt gga 192
Asp Oly Gly
aan gat cca 240
Lys Asp Pro
80
ctt gaa gea 488
Ireu Glu Ala
95
tta cat got 336
Leu Hiy Ala
110
gat gat gtt 3484
Asp AEp Val
ggt ace gaa 432
Gly Thr Glu
gct cca atg 480
Ala Pro Met
160
ttg atg aca 528
Len Met Thr
175
gga cca cac 576
Gly Pxo His
150
aac att gtt 624

Gly Ala Ser Aan Ile Val
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cet
Pro

tta
Leu
225
gga
aly

gaa
aQlu

tac

Qly

aat
Asn
305

act
Thr

taa

aac
Asn
410

aat

Asn

teca
Bax

gaa
Glu

act

tca
Ser
290

caa
Gln

gca
Ala

tca act
Ser Thr

ggt aaa
GQly Lys

gta act
val Thr

atc aac
Ile Asn
260

Glu Asp
275

ttg ttt
Ieu Phe

tta gtt
Leu Val

caa ctt
3ln Leu

6/34

ggt gct gect asa goa atc ggt cott gta atc
Gly Ala Ala Lys Ala Ile Gly Leu Val Ile

218

ctt gac ggt got
Leu Asp Gly Ala

gaa tta gta

Glu Leu Val Ala

245

gca gea atg
Ala Ala Met

cca atc gta
Pro Ile Val

gat get act

Lys

tct
ser
4280

220

gca caa cgt gttt cct gtt
Ala G1ln Arxrg Val Pro Val
235

gtt ctt gan aam gan act
Val Leu Glu Lys Glu Thr
a50

goca goct goad aac gat tca
Ala Ala Ala Asn Asp Ser
265 270

tct gat atec atc ggt atg
Ber Asp Ile Ile Gly Met
285

act aaa gta caa act gtt

Asp Ala Thr Gln Thr Lys Val Gln Thr Val

aaa gtt gtt
Lya Val Val
310

gtt cgt act
Val Arg Thr
3as

tea
Ber

ctt
Leu

300

tgg tat gac aac gsa atg
Trp Tyr Asp Aan Glu Met
315

gag tac ttt gca aaa ate

Glu Tyxr Phe Ala Lys Ile
330

FIG 3B
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cca gaa 673
Pro Glu
cca act 720
Pro Thr

240
tca gtt 7618
Sar Val
a55
tac gga Blé
Tyr Qly
get tac 864
Als Tyr
gat gga 912
AsSp Gly
tet tac 260
Bar Tyr

azo
gct aan 1008
Alz Lys
3315

1011
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atg gta
Met Val

get tte
Ala Phe

asc gac
Asn Asp

aca act

gtt
Val

egt
Axg

ctt
as
caa

Gln

gtt
val

att
Ile

tte

Ala
115

gtt

att
Ila

aan gtt ggt att
Lys Val Gly Ile

cgt att caa aat
Arg Ile Gln Asn
20

aca gat cca aat
Thr ASsp Pro Asn

ggt cgt ttt gac
Gly Axg Pha Asp

BRC gUA RAX
Asn Gly Lys Phe
70

gac tgg gca act
Asp Trp Ala Thr
85

Gttt gct aaa aan
Phe Alz Lys Lys
100

aaa maa gtt gtt
Lys Lys Val Val

gta ttt aac act
Val Phe Asn Thr

tca ggt goct tea
Ser Gly Ala Ser

PCT/CA01/00838

7/ 34

aac ggt ttt ggc cgt atc gga cgt ctt
Asn Gly Phe Gly Axygy Ile Gly Axrg leu
10 15

gta gsa ggt gtt gaa gtt act cgc ate
Val Glu Gly Val Glu Val Thr Arg Ile
a5 a0

atg ctt gea cac ttg tta aaa tac gat
Mat Leu Ala His Leu Leu Lys Tyt Asp
40 45

gt act gta gaa gtt aesa gat ggt gga
Gly Thr Val Glu Val Lys Asp Qly Gly
&0

att asa gtt tct got gas aaz gat cca
Ile Lys Val Ber Ala Glu Lys Asp Pro
75 20

gac ggt gtt gaa atc gtt ctt gaa geca
Asp Gly Val Glu Xle Val Leu Glu Ala
90 85

gca gect gect gaa aaa cat tta cat gaa
Ala Ala Als Glu Lys His Leu His Glu
105 110

ate sct gct cct ggt ggsa gat gac gtg
Ile Thr Ala Pro Gly Gly Asp Asp Val
120 125

asc cat gat atc ctt gat gga act gaa
Asn His Asp Ile Leu Asp Gly Thr Glu

140
tgt act aca aac tgt tta get cea atg
Cys Thr Thr Asn Cya Leu Ala Pro Mat
155 160
ttt ggc gta aaa caa ggt tta atg act
Phe Gly val Tyse Gln Gly Met Thr

Leu Asp Gly Pro EHig

53
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96

144
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240
288
336
384
432
480
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cct

tta

aly

gaa
Glu

tac

ggt

aat
Asn
305

act

taa

toa
Ber

gaa
Glu

act

toca
Ser
290

@ln

get
Ala

8/34

tca act ggt got gect asa geca ate ggt ctt gtt atc

gBer Thr Gly Ala Ala Lys Ala Ile Gly Leu Val Ile
215 220
ggt aaa ctt gac ggt goct gea caa cgt gta cca gtt
Gly Lys Leeu Asp Gly Ala Ala Gln Arg Val Pxo Val
230 235
gta mca gaa tta gta goca gtt ctt aat aaa gua act
Val Thr Glu Leu Val Ala Val Leu Asn Lys Glu Thr

245

att aac tca gta atg asa gct geca goct amt gat tea
Ile Asn Ser Val Met Lys Ala Ala Ala Asn Asp Sexr

A65 a7o0

gaa gat cca ate gta tea tct gat atc gttt ggt atg
@Glu Asp Pro Ila Val Ser Ser Asp Ile Val Gly Met

275

tta ttec gat gct act caa act ams gta caa act gtt
Ieau Phe Asp Ala Thr Gln Thr Lys Val Gln Thr Val

258 300
gtt gtt tea tgg tat gac aat gua atg
Val Val Ser Trp Tyr Asp Asnu Glu Met
0 31s
aca ctt gag tac ttt gce aasa atc

cgt
Arg Thr ILeu Glu Tyr Phe Ala Lys Ile
aao

FIG 4B
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cct gaa 672
Fro Qlu
cca aca 720
Pro Thr

240
tca gta 768
Ser Val
ass
tat ggt 0816
Tyr dly
tet tte 864
Bar Phe
gat gga 913
Agp Gly
tet tac S60
Ser Tyxr

320
gct asa 1008
Ala Lys
33s

1011
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atg gta gtt aaa gtt ggt
Met Val Val Lys Val Gly
1 s

gea tte cgt egt att caa
Ala Phe Axrg Arg Jle Gln
20

ant: gac ctt aca gat cct
Asn Aqp Leu Thr Asp Pro
35

aca act caa ggt cgt ttt
Thr Thr Gln Gly Arg FPha
50

ttc gaa gttt aamc gga age
Phe Glu Val Asn Gly Ser
65 70

gea aac att gac tgg get
Ala Asn Yle Asp Trp Ala
as

ggt ttc ttc got tet
Gly Phe Phe Ala Ber
100

HE

ggt gocg aaa asa gtt
Gly Alza Lys Lys Val
1as

BE

aca gtt gtt tac mac
VYal Val Tyr aAsn

1
i

130

gtt ato tca ggt get
Val Ile Ser Gly Ala
145 150

HE

gct aaa gca tta caa gut

E
5
3
g
E
5

act atc cat ggt tac
Thr Ile His Gly Tyx

Thr
cgt ggt ggt gat ctt ogt
Arg Gly Gly Asp Leu Arg

PCT/CA01/00838

9734

att aac ggt tte gga egt ate ggt cgt ctt
Ile Asn GQly Phe Gly Arg Ile Gly Arg Leu
10 is

aat gtt gaa ggt gtt gaa gta act cgt atc
Asn Val Glu Gly Val Glu Val Thr Arg Ile
as 30

aac atg ctt gea cac ttg ttg aaa tat gat
Asn Met Leu Ala His Leu Leu Lys Tyr Asp
40 45

gac ggt aca gtt gaa gtt aaa gat ggt gga
Asp Gly Thr Val Glu Val Iye Asp Gly Gly
55 60

ttt gtt asa gtt toct goa gaa cgc gaa coa
Phe Val Lys Val Ser Ala Glu Arg Glu Pro
5 80

act gat ggt gta gac atc gtt ctt gaa gca
Thr Asp Gly Val Asp Ile Val Leu Glu Ala
20 95

asa gox got get gaa cas cac att cac goct

Lys Ala Ala Ala Glu Gln His Ils Hip Ala
105 110

gt

t ate aca get ect ggt gga aat gac gtt
Val Ile Thr Ala Pro Gly Gly Asn Asp Val

120 1as

act aac cat gat att ctt gat gga act gaa

170 175

caa atg gtt ctt gac gga coca cac
1 Lau Asp Gly Pro His
180
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240

288

336
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480
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cct aac
Pro Asn
210

tta aat
Lau Asn
a2s

gga tca
4ly Sexr

gaa gaa
Glu Glu

tac act
Tyx Thr

ggt tca
Gly Ser
2840

aat caa
Amsn Gln
308

act gct
Thxr Ala

taa

10734

tca act ggt gect goct aam goca atc ggt ctt gtt ate
Sar Thr dly Ala Ala Lys Ala Ile Gly Leu Val Ile

215

420

ggt aea ctt gac gt gct goa caa egb gtt coct gtt
Gly Lys Leu Asp Gly Ala Ala Gln Arg Val Pro Val

gta act gaa tta gta

gea gtt ctt gaa asa gat act

Val Thr Glu Leu Val Ala Val Leu Glu Lys Asp Thr

245

atc sat goa got atg
Ile Asn Ala Ala Met
280

gaa gat gect atc gta
Glu Aap Ala Ile Val
275

tta ttt gat gct act
Leu Phe Asp Ala Thr
295

ttg gtt aaa gtt gtt
Val Lys Val Val

caa ctt gtt ogt act
Gln Leu Val Arg Thr
325

aaa gca goa got aac gat tca
Lys Ala Ala Ala Asn Asp Ser
265 270

tea tca gat atc gta ggt att
Ser Ser Asp Ile Val Gly Ile
280 285

cda act aaa gta caa act gtt
Uln Thr Lys Val Gln Thr Val
300

toa tgg tat gac aat gaz atyg
Ber Trp Tyr Asp Asn Glu Met
315
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Pro Glu
cca act 720
Pro Thr

a40
tea gta 768
ger val
255
tac ggt B8l6
Tyxr Gly
tct tac B64
Ser Tyr
gat gga 912
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tet tac 5860
Sex Tyr

320
gct aaa 1008
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DysGapC ATCATAGTTA ARGTITGETAT TAACGATTIC GGTCGTATCG GACATCTTGC
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<130>

<140>
<l41>

<l60>
<170>
<210>
<211l>
<213d>
<213>

<220>
<123>

<400>
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SEQUENCE LISTING “ 6

University of Saskatchewan
Bolton Alexandra J
Perex-Casal Jose

Fontaine Michael

Pottar Andrew A

IMMUNIZATION OF DAIRY CATTLE WITH GapC PROTEIN AGAINST
STREPTOCOCCUS INFECTION

08-851614%W0

12

PatentIn Ver 2 0

1

37

DMA

Artificial Sequence

Description of Artificaial Segquence primer gapCl

1

ggcggeggca tatggtagtt aaagttggta ttaacgg 37

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

<220>
<223>

<400>

2

as

DA

Artificlal Sequence

Deacription of Artificial Seguence praimer gapClr

gcggatcctt atttagegat ttttgocaaag tacte a5

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

<220>
<221>
<223>

<400>

3

1011

DNA

Streptococcus dysgalactiae

¢D8
{1) (1011)

3
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atg gta gtt aaa gtt ggt att aac ggt ttc ggt cgt atc
Lys Val Gly Ila

Mat
1

gca
Ala

tte
Fhe
65

gaa
alu

aca
145

geck
Ala

cet
Pro

Val

ttec
Phe

gac

act
50

gaa
Glu

aac

ggt
Gly

aly

130

gtt
Val

aaa
Lys

atc
Ile

ggt

Val

cgt
Axg

ctt
Leu
3s

caa

Gln

gta
val

ate
Ile

tte
FPhe

gat
Ala
115

gttt
Val

ate
Ile

gct
Ala

cac
Hia

ggt

Gly Gly

aagc
Asn

195

toa
Serx

cgt att caa
Arg Ile Gln
20

aca gat cca
Thr Asp Pzo

gga cgt ttt
Gly Arg Phe

aac gga BAAC
Asn Gly Asn
70

gac tgg gea
85

ttt gct aaa
Phe Ala Lys
100

Lys Lys Val

gtt ttc aac
Vel Phe Asn

tca ggt get
Ser Gly Ala
150

ctt cac gat
Leu His Asp
165

tca
Ser

gea
Ala

Asn Gly Pha
10

gtt gaa ggt
val Glu Gly
25

atg ctt geca
Met Leu Ala
40

gga act gtt
Gly Thr Val

atc aaa gtk
Ile Lys Val

gac ggt gtt
Asp Gly val
90

gaa get get
Glu Ala Ala
105

atec aca got
Ile Thr Ala
120

anc cac gac
Asn Hie Asp

tgt act aca

ttt ggt ate
Pha Gly Ile
170

gect tat act ggt gac cas atg
Ala Tyr Thr Gly Asp Gln Met

180

185

gac ctt egt cgt get cgt got
Asp Leu Arg Arg Ala Arg Ala

act ggt gct got aaa geot ate
Thr Gly Ala Ala Lys Ala Ile

Gly Arg Ile

gtt gaa gta
val Glu val

cac ttg ttg
His Leu Lsu
45

gaa gtt aaa
Glu Val Lys
§0

tct gct gaa

Ser Ala Glu
75

gaa atc gtt

Glu Ile val

gaa aaa cac
Glu Lys Hias

ecct ggt gga

PCT/CA01/00838

gga cgt ctt
Gly Arg Leu
15

act egt ate
Thr Arg Ile
30

aaa tac gat
Lys Tyr Asp

gaa ggt gga
Glu Gly Gly

cgt gat cca
Arg Asp Pro
80

ctg gaa gca
Ieu Glu Ala
95

tta cat got
Leu His Ala
110

aac gac gtt

Pro Gly Gly Asn Asp Val

125
att ctt gac
Ile Leu Asp

140

aac tgt tta

ggt act gaa
Gly Thr Glu

gect ecct atg

Aan Cys ILeu Ala Pro Met

155

caa aaa ggt
Gln Lys Gly

ate ctt gac
Ile Leu Asp

ggt gct gea
Gly Ala RAla
205

ggt ctt gtt
Gly Leu Val
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ctt atg act
Len Mat Thr
175

gga coa cac
Gly Pro His
180

aac att gtt
Asn Ile Val

atc cca gaa
Ile Pro Glu

48

144

192

240

aa8

336

as4

432

480

576

624

672

Ik



WO 0196381

310 215 220

ttg aat ggt aaa ctt gat ggt gct gea caa cgt gtt cet gttt cca act
Leu Asn Gly Lys Leu Asp Gly Ala Ala @Gln Arg Val Pro Val Pro Thr
225 230 235 240

gga tca gta act gag ttg gtt gta act ctt gat aaa mac gtt tct gtt
Gly Ser val Thr Glu Leu Val Val Thr Leu Asp Lys Asn Val Sar Val
245 250 255

gac gaa atc aac gct got atg aaa get get tca aac gac agt ttec ggt
Asp Glu Ile Asn Ala Ala Met Lys Ala Ala Ser Asn Asp Ser Pha Gly
260 a65 270

tac act gaa gat cca att gtt tct tca gat atec gta gge gtg teca tac
Tyr Thr Glu Asp Pro Ile Val Ser Ser Asp Ile Val Gly Val Ser Tyr
275 280 285

ggt tca ttg ttt gac geca act caa act aaa gtt atg gea gtt gac gga
Gly Ser Leu Pha Asp Ala Thr Gln Thr Lys Val Mest Glu Val Asp Gly
250 2595 300

tca caa ttg gtt aaa gtt gta tca tgg tat gac aat gaa atg tet tac
Bar Glo Leu Val Lys Val Val Ser Trp Tyr Asp Asn Glu Mat Ser Tyr
305 310 315 320

act got caa ottt gtt cgt aca ctt gag tac ttt gca aaa atc gct ama
Thr Ala Gln Leu Val Arg Thr Leu Glu Tyr Fhe Ala Lys Ile Ala Lysa
325 330 335

taa

<210> 4

<3211> 336

<212> PRT

<213> Streptococcus dysgalactiae

<400> 4
Met Val Val Lys Val Gly Ile Asn Gly Phe Gly Arxg Ile Gly Arg Leu
1 5 10 15

Ala Phe Arg Arg Ile Gln Asn Val Glu Gly Val Glu Val Thr Arg Ile
20 25 30

Asn Asp Leu Thr Asp Pro Asn Mat Leu Ala Hls Leu leu Lys Tyr Asp
35 40 45

Thr Thr Gln Gly Arg Phe Asp Gly Thr Val Glu Val Lys Glu Gly Gly
50 55 60

Phe Glu Val Asn Gly Asn Phe Ile Lys Val Ser Ala Glu Arg Asp Pro
65 70 75 B0

Glu Asn Ile Asp Trp Ala Thr Asp Gly Vel Glu Ile Val Leu Glu Ala
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Thr Gly Phe Phe

100

Asn Gly Ala Lys

115

Lys Thr Val val
130

Thr val Ile Sear

Ala Lys Ala Leu

Thr Ile Eis Ala

180

Arg Gly Gly Asp

195

Pro Asn Ser Thr
210

Leu Asn Gly Lys

Gly Ser Val Thr

Asp Glu Ile Asm

260

Tyr Thr Glu Asp

2175

Gly Ser Leu Phe
290

Bar Gln Leu Val

305

Thr Ala Gln Leu

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

<220>
<221>
222>

5
1011
DNA

a5
Ala Lys Lys
Lys Val Val
Fhe Asn Thr

135

Gly Ala Ser
150

His Asp Ala
165

Tyr Thr Gly

Leu Arg Arg

Gly Ala Ala
215

Leu Asp Gly
210

Glu Ieu Val
245

Ala Ala Met
Pro Ile Val
Asp Ala Thr

285

Lys val Val
310

Val Arg Thr
325

Glu Ala Ala
105

Ile Thr Ala
120

Asn His Asp
Cys Thr Thr
Pha Gly Ile

170

Asp Gln Met
18s8

Ala Aryg Ala
200

Lys Ala Ile
Ala Ala Gln
Val Thr Leu

Lys Ala Ala
465

Ser Ser Asp
280

@ln Thr Lys

Ser Trp Tyr

Ieu Glu Tyr
330

Streptococcus agalactiae

CDs

(1) (1011)

Glu

Pro

Ila

155

Gln

Ile

Qly

aly

Arg

235

Asp

Ser

Ile

val

Asp
s

Phe

4/16
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Lys His Yau His

il0

Gly Gly Asn
125

Asp

Leu Asp Gly Thr

140

Cys Leu Ala
Lys Gly Leu
Leu Asp Gly

150

Ala Ala Asn
205

Leu Val Ile
220

val Pro Val
Lys Asn Val
Asn Asp Ser

270

val Gly val
285

Met Glu Val
300

Asn Glu Met

Ala Lys Ile

SUBSTITUTE SHEET (RULE 26)

Met
175

Pro

Ile

Pro

Fhe

Asp

Sexr

Ala
33s

Ala

Val

alu

Met
160

His

Glu

240

Qly

aly

Tyx
320

Lys

1 19
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~

<400> 5
atg gta gtt aaa gtt ggt att aac ggt ttc ggt cgt atc ggt cgt ctt 48
Met Val Val Lys Val Gly Ile Asn Gly Phe Gly Arg Ile Gly Arg Leu

1 10 1s

gca ttc cgt cge atc cam aac gta gaa ggt gtt gaa gtt act cgt atc 96
Ala Phe Arg Arg Ils Gln Asn Val Glu Gly Val Glu Val Thr Arg Ile
20 25 ao

aac gac ctt aca gat cca aac atg ctt goa cac ttg ttg aaa tat gac 144
Aan Asp Leu Pxo Asn Met Leu Ala His Leu Leu Lys Tyr Asp
35 40 45

Thr Asp
aca act caa ggt cgt ttec gac ggt act gttt gaa gtt aaa gaa ggt gga 1s2
Thr Thr Gln Gly Ary Pha Asp Gly Thr Val Glu Val Lys Glu Gly Gly

50 55 60

ttc gaa gttt aac ggt caa ttt gttt aam gtt tect goct gam cgc gaa cca 240
Phe Glu Val Asn Gly Gln Phe Val Lys Val Ser Ala Glu Arg Glu Pro
65 70 75 BO

gca aac att gac tgg gct act gat ggc gta gaa atc gtt ctt gaa gca 288
Ala Asn Ile Asp Trp Ala Thr Asp Gly Val Glu Ile Val Leu Glu Ala
B85 50 55

act ggt tte ttt gca tca ama gaa aaa gct gga caa cac ate cat gaa 336
Thr Gly Phe Phe Ala Ser Lys Glu Lys Ala Gly Gln His Ile His Glu
1o00 108 110

aat ggt gct aaa aaa gtt gtt atec aca get cct ggt gga aac gac gtt 384
Asn Gly Ala Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asn Aap Val
115 120 125

aas aca gtt gtt ttc aac act anc cac gat atc c¢tt gat gga act gaa 432
Lys Thr Val Val Fhe Asn Thr Asn His Asp Ile Leu Asp Gly Thr Glu
130 135 140

aca gtt ate tca ggt get tea tgt act aca aac tgt ctt gect cca atg 480
Thr val Ile Ser Gly Ala Ser Cys Thr Thr Asn Cys lLeu Ala Pro Mat
145 150 155 160

gct aaa gct tta caa gac aac tit ggt gtt aam caa ggt ttg atg act 528

Ala Lys Ala Leu Gln Asp Asn Phe Gly Val lys Gln Gly Leu Met Thr
165 170 175

act atc cac gca tac act ggt gac cam atg atc ctt gac gga cca cac 576
Thr Ile Eis Ala Tyr Thr Gly Asp Gln Mat Ile Leu Asp Gly Pro His
189 185 190

cgt ggt ggt gac ctt egt cgt got egt geoa ggt got gea aac ate gtt 624
Arg Gly Gly Asp Leu Arg Arg Ala Arg Ala Gly Ala Ala Asn Ile Val
155 200 205

cct mac tca act ggt get gea ama get ate gga ctt gtt atc cca gaa 672
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Pro

ttg
Leu
225

gga
Gly

gasa
Glu

taa

Asn Ser Thr Gly Ala Ala

210
aacg

Asn

teca
Sar

gaa
Glu

act

tca
8er
290

Gln

tca
Ser

<210> 6
<211l> 336
<3213> PRT
<213>» Btreptococcus

<400> 6
Mat Val Val Lys Val

1

ggt aaa
Gly Lys

gta act

Val Thr Glu

gta aat
Val Asn
260

gan gat
Glu Asp
275

tty ttt
Leu Phe

ttg gtt
Leu Val

caa ctt

ctt
Lau
gaa
245

gca
Ala

cca
Pro

gat
Asp

aaa
Lys

gtt

@ln Leu Vval

325

Ala Phe Axg Axg Ile

Asn Asp Leu Thr Asp Pro Asn Met

Thr Thr Gln Gly Arg Phe Asp Gly
50

Phe Glu Val Asn Gly Gln Phe Val

20

as

gat

Asp
230

215

ggt
adly

ttg gtt
Lau val

get
Ala

ate
Ile

gct
Ala

gtt
Val
310

cgt:

atg
Met

gta
Val

act

gtt

Lys

get
Ala

gca
Ala

aaa
Lys

toa
Ser
280

caa
Gln

tea
Ser

ctt

Arg Thr Leu

agalactiae

Gly Ile Asn

Gln Asn Val

70

40

geca
Ala

act:

gca
Alm
265

tct
Ser

act

gag
Glu

Ile Gly Lsu
220

caa cgt gtt
Gln Arg Val
235

ctt gaa aaa
Leu Glu Lya
250

gca gct aac
Ala Ala Aan

gat atc gtk
Asp Ile Val

asa gtt caa
Lys Val Glu
300

tac gat aac

Tyr Asp Asan
iis

tac ttt gea
Tyr Phe Ala
3a3o

Gly Phe Gly Axg

Glu
25

10

Gly val Glu

Leu Ala His Isu

Thr

Lys

Vval Glu Val
60

Val Sar Ala
75

6/16

val

cct
Pro

gac
Asp

gat
Asp

Gly
285

act

Glu

aaa
Lys

Ile

val

Lys

PCT/CA01/00838

Ile Pro Glu

gtt cca act
Val Pro Thr
240

gta act gtec
255

tca tac gyt

SBer Tyr Gly

270

att tca tac
Ile Ser Tyr

gtt gac ggt
Val Aap Qly

atg tca tac
Met Ser Tyr
320

atec get aaa

Ile Ala Lys
a3s

Gly Arg Leu
p L

Thr Arg Ile
30

Lys Tyr Asp

Glu Gly Gly

Glu Arg @lu Pro
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Alae Asn Ile

Thr

Lys

145

Ala

Leu
225

Gly

alu

Gly

305

Gly

Qly

Thr

130

Val

Ile

aly

210

Asn

Sex

Glu

Thr

250

Gln

Ser

<210> 7

<211l>
<212>
<213>

<220>

<221>

Phe Phe
100

Ala Lys
115

val val

Ile Ber

Ala Leu

His Ala
180

Gly Asp
195

Ser Thr

Gly Lys

val Thr

val Asn
260

Glu Asp
275

Leu Val

Gln Leu

1011
DNA
Btreptococcus

CcDs

Ala

Lys

Phe

Gly

Gln
165

Tyr

Leu

Gly

Leu

Glu

245

Ala

Pro

hsp

Lys

val
325

Asp Trp Ala Thr Aap Gly

S8er Lys Glu Lys
105

val Val Ile Thr
120

Asn Thr Asn Hisg
13as

Ala Ser Cys Thr
150

Asp Asn Phe Gly
Thr Gly Asp Glo
185

Axg Axg Ala Arg
200

Ala Ala Lys Ala
215

Asp Gly Ala Ala
230

Leu Val Ala Thr
Ala Met Lys Ala
265

Jle Val Sar SBer
280

Ala Thr dln Thr
ass

Val Val Ser Tzp
310

Arg Thr Leu Glu

uberis

val
g0
Ala

Ala

Asp

Val

1740

Mat

Ala

Ile

Gln

Leu

250

Ala

Asp

Lys

Tyr

Tyx
330

Glu Ile Val
Gly Gln Eis
Pro Gly Gly

125

Ile Leu A=mp
140

Asn Cys Leu
15s

Lys Gln Gly
Ile Leu Asp
Gly Ala Ala

Gly Lsu Val
220

Axg Val Pxo
235

@lu Lys Asp
Ala Asn Asp
Ila val Gly

Val Gin Thr
300

Asp Asn Glu
31s

Phe Ala Lys

7/16

SUBSTITUTE SHEET (RULE 26)

Lau

Ils

110

Asn

Gly

Ala

Leu

Gly

180

Asn

Ile

Val

val

8er

270

Ile

Mat

Ile

PCT/CA01/00838

Glu Ala
85

His Glu

Agp Val

Thr Glu

Pro Maet
160

Met Thr
175

Pro His

Ils Vval

Pro Glu

Pro Thr
240

Thr Val
255

Tyr Gly

Ser Tyx

Asp Gly

Ser Tyr

320

Ala Lys
335

(22
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<222> (1) (1011) ’z}

<400> 7 !
atg gta gtt aam gtt ggt att aac ggt ttec ggt cgt atc gga cgt ctt 48
Met Val Val Lys Val Gly Ile Asn Gly Pha Gly Axrg Ile Gly Axg ILeu

1 5 10 1s

gca tte cgt cgt att cam aac gtt gma ggt gtt gaa gta act cgt att 96
Ala Phe Arg Arg Xle Gln Asn Val Glu Gly Val Glu Val Thr Arg Ile
20 25 30

aac gat ctt act gac cca aat atg ctt geca cac ttg ttg aaa tat gat 144
Asn Asp Leu Thr Asp Pro Asn Met Lau Ala His Leu Leu Lys Tyr Asp
35 40 45

aca act caa ggt cgt ttc gac ggt aca gtt gaa gtt saa gat ggt gga 192
Thr Thr Gln Gly Arg Phe Asp Gly Thr Val Glu Val Lys Asp Gly Gly
50 55 60

ttc gaa gtt aac gga aac ttc atc aaa gtt tct get gas aaa gat cca 240
Phe Glu Val Asn Gly Asn Phe Ile Lys Val Ser Ala Glu Lys Asp Pro
65 70 75 BO

gaa aac att gac tgg gca act gac ggt gta gaa atc gtt ctt gaa gea 288
Glu Asn Ile Asp Trp Ala Thr Asp Gly Val Glu Ils Val Leu Glu Ala
85 50 95

act ggt ttc ttt gct maa aaa gca gect got gaa asa cat tta cat get 33§
Thr Gly Phe Pha Ala Lys Lys Ala Ala Alz Glu Lys His Leu Ris Ala
100 105 110

aac ggt gct aaa aaa gtt gtt atc aca got cot ggt gga gat gat gtt 384
Asn Gly Ala Lys Lya Val Val Ile Thr Ala Pro Gly Gly Asp Asp Val
115 120 125

aana act gtt gta ttt aac aca aac cat gac att ctt gac ggt aca gaa 432
Lya Thr Val Val Phe Asn Thr Asn His Asp Ile Leu Asp Gly Thr Glu
1310 135 140

act gta att tca ggt got tca tgt act act aac tgt tta gct coa atg 480
Thr Val Ile Ser Gly Ala Ser Cys Thr Thr Asn Cys Ieu Ala Pro Met
145 150 155 160

gct maa gect ttg cea gat aac ttt ggt gtt aaa cea ggt ttg atg aca 528
Ala Lys Ala Leu Gln Asp Asn Phe Gly Val Lys Gln @Gly Leu Mst Thr
165 170 175

act atc cac gct tac act ggt gac caa atg atc ctt gac gga cca cac 578

Thr Ile His Ala Tyr Thr Gly Asp Gln Met Ile Leu Asp Gly Pro His
l80 185 190

cgt ggt ggt gac ctt ogt cgt got cgt gect ggt goa age aac att gtt 624
Arg Gly Gly Asp Leu Arg Arg Ala Arg Ala Gly Ala Ser Asn Ile Val
155 200 205
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cct
Pro

tta

aly

gaa
Glu

tac

dly

aat
305

act

taa

aac
Asn
210

aat

tca
Ser

gaa
Glu

act

tca
Ser
290

Gln

goa
Ala

<310> 3
<111> 336

<212>
<313>

<400> B
Mat Val Val Lys Val Gly Ile

1

Ala Pha Arg Arg Ile Gln Asn

Asn Asp Leu Thr Asp Pro Asn

tca
Ser

ggt
aly

gta
val

ate
Ile

gaa
Glu
275

ttg

tta

caa
Gln

PRT
Streptococcus uberis

35

act
Thr

Lys

act

aac
260

gac
Asp

ttt
Pha

gtt
val

ott
Leu

ggt gct
Gly Ala

ctt gac

Leu Asp
230

gaa tta
Glu Lsu
245

gea goa
Ala Ala

cca atce
Pro Ile

gat gct
Asp Ala

aaa gtt
Lya Val
310

gtt cgt

Val Arg
3as

gct
Ala
2315

ggt
Gly

gta
Val

atg
Met

gta
Val
act

gtt
val

act
Thr

Thr Thr Gln Gly Arg Fhe Asp

Phe Glu Val Asn Gly Asn Phe

70

aaa gca
Lys Ala

gct gea
Ala Ala

gca gtt
Ala Val

aaa gea
Lys Ala
265

tct tect
Ber Ser
280

caa act

Gln Thx

Eca tgg
Ser Trp

ctt gag
Leu Glu

ate ggt
Ile Gly

caa cgt

Gln Arg
235

ctt gaa
Leu Glu
250

get gea
Ala Ala

gat atc
Asp Ile

aaa gta
Lys Val

tat gac

Tyr Asp
315

tac ttt

Tyr Phe
330

ctt gta atc

Leu
220

gtt
val

atc
Ile

caa
Gln
300

agca
Ala

Asn Gly Phe Gly Arg

ia

Val Glu @ly Val Glu

25

Met Leu Ala His Leu

40

Gly Thr Val Glu Val

Ile Lys Val Bar Ala

15
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Val

cct
Pro

gaa
Glu

gakt
Asp

ggt
Qly
285

act

gaa
Glu

Lys

Ile

val

Ile

teca
Ber
270

atg
Met

atg
Mak

ate
Ile

PCT/CA01/00838

cca gaa
Pro Glu

cca act
Pro Thr
240

tca gttt
Ser val
255

tac gga

gct tac
Ala Tyr

gat gga
Asp Gly

tct tac

Ser Tyx
320

get aaa

Ala Lys
33s

Gly Arg Leu

15

Thr Arg Ile

30

Leu Lys Tyr Asp

45

Lys Asp Gly Gly

Glu Lys Asp Pro
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Glu Asn Ile

Thr

Ala

Pro
Leu
235

aly

alu

Gly

305

Thr

Gly
aly
Thr

130

Val

Lys

Ilea

Gly

210

Asn

Glu

Ser
190

Gln

Ala

«210> 9
<211> 1011
<212> DNA
<213> Btreptococcus parauberis

220>
<221> CDB

Phe

Ala

115

Val

Ile

Ala

His

Gly

185

Ser

aly

Val

Ile

Glu
a7s5

Gln

Asp

Phe
100

Lys

val

Leu

Ala

180

Asp

Lys

Thr

Asn
250

Asp

Phe

Val

Trp Ala Thr Asp
85

Ala Lys Lys Ala
Lys Val Val Ile
120

Phe Asn Thr Asn
135

Gly Ala Ser Cys
150

Gln Asp Asn Phe
165

Tyr Thr Gly Asp
Leu Arg Axg Ala
4200

Gly Ala Ala Lys
215

Leu Asp Gly Ala
230

Glu Leu Val Ala
445

Ala Ala Met Lys
Pro Ile Val Ser
<80

Asp Ala Thr Gln
255

Lys Val Val Ser
310

Leu Val Arg Thr Len

325

Gly Val Glu Ile
80

Ala Ala Glu Lys
105

Thr Ala Pro Gly
His Asp Ile Leu
140

155

@ly Val Lys Gln
170

Gln Met Ila Lau
185

Arg Ala Gly Ala
Ala Ilas Gly Leun
220

Ala Gln Arg Val
235

Val Leu @Glu Lys
450

Ala Ala Ala Asn
265

Ser Asp Ile Ila

Thr Lys Val Gln
300

Trp Tyr Asp Asn
315

Glu Tyr Pha Ala
330
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Val

His

aly

1a5

Asp

Lau

aly

Asp

Sar

205

val

alu

Asp

Gly
285

Glu

Lys
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Leu Glu
95

Leu His
110

Asp Asp

Gly Thr

Ala Pro

Leu Met

175

aly Pro
180

Asn Ile

Ila Pro

val Pxo

Thr Ser
255

Ser Tyr
270

Mat Ala
Val Asp

Met Sexr

Ile Ala
335

Ala

Ala

val

Glu

Met

160

His

val

Glu

240

aly

aly

320

Lys

7
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<222> (1) (1011)

<400> 9

atg gta gtt aaa gtt ggt att aac ggt ttt ggc cgt atc
Met Val Val Lys Val Gly Ile Asn Gly Fhe Gly Arg Ile

1 5

get ttc cgt cgt att caa aat gta
Ala Phe Arg Arg Ile Gln Asn Val
a0

fac gac ctt aca gat cca aat atyg
Asn Asp I.eu Thr Asp Pro Asn Met
as 40

aca act caa ggt cgt ttt gac ggt
Thr Thr Gln Gly Axg Phe Asp Gly
50 55

ttt gac gtt aac gga asa ttc att
Phe Asp Val Asn Gly Lys Phe Ile
65 70

gaa caa att gac tgg gca act gac
@lu Gln Ile Asp Txp Ala Thr Asp
as

act ggt tte ttt got aaa aaa gea
Thr Gly Phe Phe Ala Lys Lys Ala
100

aat ggt gct aan aas gtt gttt atc
Asn Gly Ala Lys Lya Val Val Ile
1is 120

aaa aca gtt gta ttt aac act aac
Lys Thr Val Val Phe Asn Thr Asn
130 135

aca gttt att tea ggt get tea tgt
Thr Val Ile Ser Gly Ala Ser Cys
145 150

gct ama gct tta caa gat aac ttt
Ala Lys Ala Leu Gln Asp Aso Fhe
165

aca atc cac get tae act ggt gat
Thr Ile His Ala Tyr Thr Gly Asp
180

cgt ggt ggt gac tta cgt ogt gecc
Axg Gly Gly Asp Leu Arg Arg Ala
195 200

10

gaa ggt
Glu Gly
as

ctt geca
Leu Ala

act gta
Thr Val

aaa gtt
Lys Val

ggt gtt
Gly Vval
90

got get
Ala Ala
105

act gct
Thr Ala

cat gat
H18 ASp

act aca
Thr Thr

ggc gta
aly val
170

caa atyg
Gln Mat
ises

cgt gct
Arg Ala

gtt gaan gtt
val Glu val

cac ttg tta
His Leu Leu
45

gaa gtt aaa
Glu Val Lys
60

tet gct gaa
Ber Ala Glu
75

gaa atc gtt
Glu Ile Val

gaa aaa cat
Glu Lys His

cct gqt gga
Pro Gly Gly
135

atc ctt gat
Ile ILau Asp
140

anc tgt tta
Asn Cys Leu
155

aan caa ggt
Lys Gln Gly

ctt cett gat
Ieu Leu Asp

ggt gct aac
Gly Ala Asn

205

cct aac tea act ggt got goct ama goa atc ggt ettt gtt
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qga cgt ctt
Gly Arg Leu
is

act cgc atc
Thr Arg Ile
30

aaa tac gat
Lya Tyr Asp

gat ggt gga
Asp Gly Gly

aaa gat cca

Lye ASp Pro
80

ctt gaa gca
Leu Glu Ala
85

tta cat gaa
ireu His 3lu
110

gat gac gtg
Asp Asp val

gga act gaa
Qly Thr Glu

gct cca atg
Ala Pro Met
150

tta atg act
Leu Met Thr
175

gga cct cac
Gly Prxo His
180

aat att gtt
Asn Ile Val

atc cct gaa

46

144

192

240

288

336

384

432

480

538

576

624

672
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Pro

tta

Gly

gaa
Glu

taa

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

Asn
210

aat

Asn

tca
Ber

gaa
Glu

act

tca
Ser
2580

Gln

gect
Ala

Sar

ggt
dly

att
Ila

gaa
Glu
275

tta
Leu

tta

caa
Gln

10

336
PRT
Streptococcus

<400> 10
Met Val Val Lys Val

1

Ala

Thr

Phe

Phe Arg Arg Ile

Asp Ieu Thr Asp

as

aaa
Lya

aac
Asn
260

gat

tte
Phe

gtt
val

ctt
Leu

aly

ctt
Leu

gaa
Glu
245

tca
Ser

coca

gat
Asp

Lys

gat

Asp
325

Ala Ala Lys
215

Asp
230

ggt gct
Gly Ala

tta gta
Leu Val

gea
Ala

gta
Val

aty

Mat Lys

tca
Ber
280

atc gta
Ile Val

act can

Gln

gct
Ala
295

tca
Ser

gtt
val
310

gtt
Val

ctt
Leu

cgt aca
Arg Thr

parauberis

Gly Ile Asn

Gln Asn val

Pro Asn Met
40

Ala Ile

gca caa
Ala Gln

gtt ett

val

get gea
Ala Ala

tect

Ser Asp

act

Thr Lys

tgg tat
Trp Tyr Asp

gag tac

aly Leu
220

cgt gta
Arg Val
235

aat
Leu Asn
250

sk

get aat
Ala hAsn

gat atc gtt

Ile Val

asa caa
Gln

300

gta
Val

gac aat
315

ttt geca

Glu Tyr Phe Ala

330

Gly Phe Gly Axg

10

Glu Gly Val Glu

Leu Ala His Leun

Thr Gln Gly Arg Fhe Asp Gly Thr Val Glu Val

Asp Val Asn Gly Lys Phe Ile Lys Val Ser Ala

70

75

12/16

val

cca
Pro

gaa
Glu

gat
Asp

ggt
aly
285

act

gaa
Glu

ARR
Lys

Ile
val
Leu

45

Lys

Glu
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Ila Pro Glu

tca aca
Pro Thr
240

gtt
Val

act teca gta
Ber Val

255

tca
Ser
270

tat ggt
Tyr Gly

tct tte
Ser Phe

atg
Met

gtt
val

gat gga
Asp Qly

tet tac

Ser Tyr
320

atyg
Met

ate
Ila

gct aaa
Ala Lys
335

Gly Arg Leu
i5

Thr Argy Ile
30

Lys Tyr Asp

Asp Gly Gly

Lys Asp Pro
80

720

768

816

864

912

1008
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Glu @Gln Ile Asp Trp Ala Thr Asp Gly Val Glu Ile Val Leu Glu Ala
85 50 95

Thr Gly Phe Phe Ala Lys Lys Ala Ala Ala Qlu Lys His Leu His Glu
100 1058 110

Asn Gly Ala Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asp Asp Val
115 120 125

Lys Thr Val Val Phe Asn Thr Asn His Asp Ile I.eu Asp Gly Thr Glu
130 135 140

Thr Val Ile Ser Gly Ala Ser Cys Thr Thr Asn Cys Leu Ala Pro Met
145 150 155 160

Ala YLys Ala DLeu Gln Asp Asn Phe Gly Val Lys Gln Gly Leu Met Thr
165 170 175

Thr Jle His Ale Tyr Thr Gly Asp Gln Mat Leu Leu Asp Gly Pro His
180 185 190

Arg Gly Gly Arg Arg Ala Arg Ala Gly Ala Asn Asn Ile Val
1585 200 205

5
§

Pro Asn Ber Thr Gly Ala Ala Lys Ala Ile Gly Leu Val Ile Pro Glu
210 a1s5 220

Leu Asn Gly Lys Leu Asp Gly Ala Ala Gln Arg Val Pro Val Pro Thr
225 230 235 240

Gly Ber Val Thr Glu Leu Val Ala Val Leu Asn Lys dlu Thr Ser Val
245 250 a55

Glu Glu Ile Asn Ser Val Met Lys Ala Ala Ala Asn Asp Ber Tyr Gly
260 265 270

Tyr Thr Glu Asp Pro Ile Val Ser Ser Asp Ile Val Gly Met Ser Phe
2175 280 285

Gly Ser Leu Phe Asp Ala Thr Gln Thr Lys Val Gln Thr Val Asp Gly
290 295 300

Asn Gln Lau Val Lys Val Val Ser Trp Tyr Asp Asn Glu Mat Ser Tyr
305 310 315 320

Thr Ala Gln Leu Asp Arg Thr Leu Glu Tyr Phe Ala Lys Ile Ala Lys
325 330 335

<210> 11

<211> 1011

<212> DMA

<213>» Streptococcus iniae

<220>
<221> CDB
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<222> (1)

{1011)

<400> 11

atg gta gtt ama gtt ggt att aac ggt ttc gga
Met Val Val Lys Val Gly Xle Asn Gly Phe Gly

1
geca

Ala

aat

tte
Phe
65

Ala

Lys

aca
145
gct
Ala

act
Thx

cect

tte
Phe

gac
Asp

act
50

gaa
Glu

Asn

Gly

Gly

aca
Thr
130

gtt
Val

aaa
Lys

ate
Ile

ggt

5

cgt cgt att

Arg Arg Ile
20

¢ttt aca gat
Leu Thr Asp
35

caa ggt cgt
Glno Gly Arg

gtt aac gga
Val Asn Gly

att gac tgg

Ile Asp Trp
85

tte ttec gect
Phe Phe Ala
100

gcy aaa asa
Ala Lys Lys
115

gtt gtt tac
Val Vval Tyr

atec teca ggt
Ile Ser Gly

gca tta caa
Ala Leu Gln
165

cat ggt tac
His Gly Tyr
180

ggt gat ctt

Gly Gly Asp Lau

195

tca act ggt

caa aat gtt
@ln Asn Val

cct aac atg
Pro Asn Met
40

ttt gac ggt
Pha Asp Gly
55

age ttt gtt
Ser Pha Val
70

get act gat
Ala Thr Asp

tct aaa gca
Ser Lys Ala

gtt gtt ate
Val Vval Ile
120

aac act aac
Asn Thr Asn
135 !

gct tca tgt
Ala Ber Cys
150

gat amc ttt
Asp Asn Phe

act ggt gac
Thr Gly Asp

cgt cgt gct
Arg Arg Ala
200

gct gct aaa

10

gaa ggt gtt
Glu Gly Vval
a5

ctt gca cac
Leu Als His

aca gtt gaa
Thr Val Glu

aaa gtt tect
Lys Val Ser
75

ggt gta gac
Gly Val Asp

gct gct gaa
Ala Ala Glu
105

aca get cct

cat gat att
His Asp Ile

act aca aac
Thr Thr Asn
155

ggt gta ama
Gly Val Lys
170

caa atg gtt
Gln Met Val
185

cgt gea gect
Arg Ala Ala

gca atc ggt
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cgt atc
Arg Ile

gaa gta
Glu val

ttg ttg
45
gtt aam

Val Lys
60

Ala Glu

atec gtt
Ile Val

caa cac
Gln His

ggt gga
Gly Gly
125

ctt gat

Leu Asp
140

tgt tta
Cys Leu

caa ggt
@ln Gly

ctt gac
Leu Asp

geca gea
Ala Ala
205

ctt gtt
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ggt cgt ctt 48
Gly Arg Leu
15
act cgt atc 96
Thr Arg Ile
30
aaa tat gat 144
Lys Tyr Asp
gat ggt gga 192
Asp Gly dly
cgc gaa coa 240
Arg Glu Pro
- 14)
ctt gaa gca 288
Leu Glu Ala
95
att cac gect 336
Ila His Ala
110
azt gac gtk i84
Asn Asp Val
gga act gaa 432
@ly Thr Glu
gct cca atg 480
Ala Pro Mat
160
tta atg act 528
Leu Met Thr
175
gga cca cac 576
Gly Pxo His
130
aac atec gtt 624
Asn Ile Val
atc cca gaa 672
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Pro Asn Ser Thr Gly
210

tta aat ggt aaa ctt
Leu Asn Gly Lys Leu
225

gga tca gta act gaa
Gly Ser Val Thr Glu
245

gaa gaa atc aat gca
Glu Glu Ile Asn Ala
260

tac act gaa gat gect
Tyr Thr Glu Asp Ala
475

ggt tca tta ttt gat
Gly Sar Leu Phe Asp
150

aat caa ttg gtt asa

Asn Gln Leu Val Lys
3os

act get caa ctt gtt

Thr Ala Gln Leu Val
325

taa

<210> 12

<211> 336

<212> PRT

<213> Streptococcus

<400> 13

Met val Val Lys Val
1 5

Aa Fhe Arg Axg Ile
20

Asn Asp Leu Thr Asp
35

Thr Thr Gln Gly Arg
50

Phe Glu Val Asn Gly

Ala Ala
215

gac ggt
Asp Qly
230

tta qgta
Leu Val

get atg
Ala Met

ate gta
Ile Val

get ackt
Ala Thr

295
gtt gtt

Val Vval
310

aniae

Gly Ile

Aln Asn

Pro Asn

Phe Asp
55

Sar Phe

Lys Ala Ile Gly Leu
220

gect gca caa cgt gtt
Ala Ala Gln Arg Val
235

gca gtt ctt gaa aaa
Ala Val Leu Glu Lys
250

aaa gca gca got aac
Lys Ala Ala Ala Asn
265

tca tca gat ate gta
SBer Ser Asp Ile val
280

caa act asa gta caa
Gln Thr Lys Val Gln
300

tca tgg tat gac aat

Ser Trp Tyr Asp Asn
315

ctt gag tac ttt gca
Lesu glu Tyr Phe Ala
330

Asn Gly Phe Gly Axg
10

val Glu Gly Val Glu
25

Met Leu Ala His Leu
40

Gly Thr Val Glu Val
60

Val Lys Val Ser Ala
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Val Tle Pro @lu

cct gtt ceca act
Pro Val Pro Thr
240

gat act tea gta
Asp Thr Ser val
455

gat tca tac ggt

Asp Eer Tyr Gly
270

ggt att tect tac
Gly Ile Ser Tyr
285

act gtt gat gga
Thr Val Asp Gly

gaa atg tct tac
Glu Met Ser Tyr
320

aaa atec got aaa
Lys Ile Ala Lys
335

Ile Gly Arg Leu
15

Val Thr Arg Ile
30

Leu Lys Tyx Asp
45

Lye Asp Gly aQly

Glu Arg Glu Pro
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512
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65 70 5 80

Ala Asn Ile Asp Trp Ala Thr Asp Gly Val Asp Ile Val Leu Glu Ala
as 50 85

Thr Gly BPhe Phe Ala Ser Lys Ala Ala Ala Glu Gln His Ile His Ala
100 105 110

Asn Gly Ala Lys Lya Val Val Ile Thr Ala Pro Gly Gly Asn Asp Val
115 130 125

Lys Thx Val Val Tyx Asn Thr Asn His Asp Ile Leu Asp Gly Thr Glu
130 135 140

Thr Val Ile Ser Gly Ala Sexr Cys Thr Thr Asn Cys Lsu Ala Pro Met
145 150 155 160

Ala Lys Ala Leu Gln Asp Asn Phe Gly Val Lys Gln Gly Leu Met Thr
165 170 175

Thr Ile His Gly Tyr Thr Gly Asp Gln Met Val Leu Asp Gly Pro His
180 185 190

Arg Gly Gly Asp Leu Arg Arg Ala Arg Ala Ala Ala Ala Asn Ile Val
¥ 195 200 205
Pro Asn Ser Thr Gly Ala Ala Lys Ala Ile Gly Teu Val Ile Pro Glu
210 215 220

Ieu Asn Gly Lys Leu Asp Qly Ala Ala Gln Arg Val Pro Val Pra Thr
225 230 235 240

Gly Ser Val Thr Giu Leu Val Ala Val Leu Qlu Lyd Asp Thr Ser Val
245 250 a5s§

Giu Glu Ile Asn Ala Ala Met Lys Ala Ala Ala Asn Asp Ser Tyr Gly
260 265 270

Tyr Thr Glu Asp Ala Tle Val Ser Ber Asp Ile Val Gly Ile Sar Tyr
275 280 285

Gly Ber Leu Phe Asp Ala Thr Gln Thr Lys Val Gln Thr Val Asp Gly
. 290 295 300

A Asn Gln Leu Val Lys Val Val Ser Trp Tyr Asp Asn Glu Met Ber Tyr
305 330 ais 320

4 Thr Ala Gln Leu Val Arg Thr Leu Glu Tyr Phe Ala Lys Ile Ala Lys
1 325 330 3i3s
£
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