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ncedaing

IMMUNIZATION OF DAIRY CATTLE WITH CHIMERIC GapC PROTEIN AGAINST
STREPTOCOCCUS INFECTION

Technical Field
The present invention relates generally to bacterial antigens and genes
the same
More partacularly, the present invention pertains to the
construction of a chimeric plasmin banding protein gene comprising
the entire § dysgalactiae [GAPC] coding sequence as well as coding
sequences for unique regiona from several Streptococcue bacteria
species, and the use of the same in vaccine compositions
Background Mastitis, an infection of the mammary gland usually
caused by bacteria or fungus, results in major economic losses to
the dairy industry yearly Among the bacterial species most commonly
assoclated with mastitis are various species of the genus
Btreptococcus, including 8 [AUREUS, 5 UBERIS, (UNTYPEABLE), S
AGALACTIAE (LANCEFIELD] group B), 8 dysgalactiae (Lancefield group
C), 8 zooepidemicus, and the Lancefield groupa D, G , L and N
streptococcli Bome of those species are contagioms (e g 9
agalactliae), while others are considered environmental pathogens (e
g B8 dysgalactiae and 8 uberis) The environmental pathogen S
uberis is responsible for about 20% of all clinical cases of
mastitis (Bramley, A J and Dodd, F H (1984) [J DAIY RES ] 51
401-512, Bramley, A J (1987) Animal Health Nutrition 42 12-16,
Watts, J L (1988) J [DAI7Y BCI ] 71 1616-1624}), it is the
predominant organism isolated from mammary glande during the
non-lactating period (Bramley, A J
{1984) Br [VET J ] 140 328-335, Bramley and Dodd [(1984)] J
Dairy Res 51 481-512, Oliver, § P (1988) Am [J VET RES ] 49
1789-1793)
Mastitis resulting from infection with 8 uberis i1s commonly
[SUBCLINICAL,] characterized by apparently normal milk with an
increase 1ln somatic cell counts due to the influx of leukocytes The
chemical composition of milk is changed due to suppression of
secretion with the transfer of sodium chloride and bicarbonate from
blood to milk, causing a shift of pH to a more alkaline level S
uberis mastitis may also take the form of an acute clinical
condition, with obviocus signe of disease such as clots or
dascoloration of the milk and swelling or hardness of the mammary
gland Some cases of the clinical disease can be gevere and pyrexia
may be present For a review of the clinical manifestations of §
uberis mastitis, see, Bramley (1991) Mastitis physiology or
pathology p 3-59 In C Burvenich, G
Vandeputte-van Messom, and A W Hill (ed ), New insighte into the
pathogenesis of [MASTITIS RIJKSUNIVERSITEIT] Gent, Belgium, and
Bchalm et al (1971) The mastitis complex-A brief pummary p 1-3
In Bovine Mastitis Lea & Febiger, Philadelphia Conventional
antibacterial control methods such as teat dipping and antibiotie
therapy are effective in the control of many types of contagious
mastitis, but the environmental organisms typically found in all
dairy barns are often reslstant to such measures Vaccination is
therefore an attractive strategy to prevent infections of the
mammary glands, and has been shown to be beneficial in the case of
some contagious mastitls pathogens
The literature is limited regarding vaccination studies with [5 ]
dysgalactiae and § [UBERIS,] and variable results have been
observed In some cases, immunization has resulted in increased
gensitivity to the specific organism and in other cases
strain-specific protection has been obtained
For example, previous studies have shown that primary infection with
8 uberis can considerably reduce the rate of infection following a
second challenge with the same strain (Hill, A W (1988) Res Vet
Scl 44 2386-387) Local vaccination with killed § [UBERIS]
protects the bovine mammary gland against [INTRAMAMMARY] challenge
with the homologous strain (Fanch et al (1994) Ianfect Immun 62
3595-3603) Similarly, subcutaneous vaccination with live S
[UBERIS] has been shown to cause a dramatic modification of the
pathogenesis of mastitis with the same strain (Hill et al (1994)
[FEMS IMMUNOL MED ]
[MICROBIOL ] 8 109-118) Animals vaccinated in this way shed fewer
bacteria in their milk and many quarters remain free of infection
Nonetheless, vaccination with live or attenuated bacteria can pose
risks to the reciplent Further, it 1s clear that conventional
killed vaccines are in general largely ineffectave against 6
[UBERIS AND 8 AGALACTIAE, EITHER] due to lack of protective
antigens on in vitro-grown cells or masking of these antigens by



molecular mimicry

The current lack of existing mastitis vaccines against [8 ]
agalactiae or the contagious streptococcus strains is due at least
in part to a lack of knowledge regarding the virulence determinants
and protective antigens produced by those organipms which are
involved in invasion and protection of the mammary gland (Collins et
al (1988) [J DAIRY RES ] 55 25-32, Leigh et al (1590) [RES VET
SCI ] 49 [B5-87) , Marshall et al (1986} [J ] Dairy Rea 53
507-514)

§ dysgalactiae 18 known to bind several extracellular and
plasma-derived proteins such as fibronectin, fibrinogen, collagen,
alpha-II-macroglobulin, IgG, albumin and other compounds

The organism also produces hyaluronidase and fibrinolysin and is
capable of adhering to and invading bovine mammary epithelial cells
However, the exact roles of the bacterial components responsible for
these phenotypes in pathogenesis 1s not known

Similarly, the pathogenesis [OF 8 UBERIS] infection is poorly
understood Furthermore, the influence [OF 8 URERIS] virulence
factors on host defense mechanisms and mammary gland physiology is
not well defined Known virulence factors assoclated with (S8 ]
[UBBERIS] include a hyaluronic acid capsule (Hill, A W (1988) Res
Vet Scl 45 400-404), hyaluronidase {Schaufuss et al (1589)
[ZENTRALBL ] [BAKTERIOL ] Ser [A] 271 46-53), R-like protein
(Groechup, M H and Timoney, J F (1993) Res Vet Sci 54
124-126), and a cohemolysin, the CAMP factor, also known as UBERIS
factor (Skalka, [B ] and Smola, J (1981) [ZENTRALBL ] Bakteriol
[BER A) 245 190- 154), R-like protein, plasminogen activator and
CAMP factor However, very little ig known of their roles in
pathogenicity

The use of virulence determinante from Streptococcus as immunogenic
agents has been proposed For example, the CAMP factor [OF B

UBERIS] has been shown to protect vertebrate subjects from infection
by that organism (Jiang, U 8 Patent No 5,863,543}

The [Y] antigen of the group B Btreptococcl strain A909 (ATCC No
27591) is a component of the c protein marker complex, which
additionally comprises an a and [B] subunit (Boyle, U S Patent No
[5,] 721,339) Subpets [OF SEROTYPE IA, II,] and virtually all
serotype [IB] cells of group B streptococci, have been reported to
express componente of the ¢ protein Uee of the [Y] subunit as an
immnogenic agent against infections by Lancefield Group B
Streptococcus infection has been proposed However, its use to
prevent or treat bacterial infections in animals, including mastitis
in cattle, has not been studied

A GapC plasmin binding protein from a strain of Group A
Streptococcus has previcusly 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 a1l , [U] 8 Patent No
5,328,996) However, the use of GapC as an immungenic agent to treat
or prevent mastitis was neither described nor suggested

The group A streptococcal M protein is considered to be one of the
major virulence factors of this organism by virtue of its ability to
impede attack by human phagocytes (Lancefield, R C (1962) [J
IMMUNOL ] 89 307-313) The bacteria persist in the infected timsue
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 efficlent clearance of the invading
organism

M proteins are one of the key virulence factors of Streptococcus
pyogenes, due to their involvement in mediating resistance to
phagocytosis (Kehoe, M A (1991) Vaccine 9 797-806) and their
ability to induce potentially harmful host immune responses via
their superantigenicity and their capacity to induce
host-cross-reactive antibody responses (Bisno, A L [(1991) NEW]
Engl J Med 325 783-793, Froude et al (1989) Curr Top
{MICROBIOL ] Immunol 145 5-26 , Stollerman, G H (1991) Clin
Immunol Immuncpathol 61 131-142)

However, obstacles exist to using intact M proteins as vaccines The
protein's opsonic epitopes are extremely type-specific, resulting in
narrow, type-specific protection Further, some M proteins appear to
contain epitopes that croes react with tissues of the immunized
subject, 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 (19685) J Exp Med 161 113-122 , Baird, R W ,
Bronze, M 5 , Drabe, W, Hill, H R, Veasey, L. @ and Dale, J L
(1991) J Immun

146 3132-3137 , Bronze, M 8 and Dale, J L (1993) J Immun 151



2820-2828, Cunningham, M W and Rusesell, 8 M (1983} Infect

Immun 42 531-538)

An octavalent M protein vaccine has been constructed and was tested
for protective jmmunogenicity againet multiple serotypes of group A
streptococca infectlon in rabbitse

However, the immune response cbtained was seroiype-specific,
conferring protection only against those bacteriml strains
exhibiting the M protein epitopes present in the chimeric protein
(Dale, 3 B, S8immone, M , Chiang, E C , and Chiang, E Y (1996}
Vaccine 14 [944-5948) ]

Chimeric proteins containing three different fibronectin bainding
domains [(FNBDS)] derived from fibronectin binding proteins of S
[DOSGAZACTIAE] and Staphylococcus aureus have been expressed on the
surface [OF STAPH CA7NOSUS] cells In the case of one of these
proteins, Iintranasal immunizations with live recombinant [STAPH ]
[CARNOBUS] cells expressing the chimeric protein on their surface
resulted in an improved antibody response to a model immunogen
present within the chimeric surface protein.

A chimeric Protein G molecule (a type III Fc binding protein
specific for the Fc region of all subclasses of IgG@ antibody
molecules) is known, but its use as an immunogenic agent has not
been described or suggested [(BJORCK,] et al (199%2) U 8 Patent
No 5,108,894)

Until now, the protective capability of GapC multiple epitope fusion
proteins has not been studied

Summary of the Invention Accordingly, the present invention provides
GapC multiple epitope fusion proteins and polynucleotides encoding
the same In one embodiment, the invention 18 directed to a multiple
epitope fusion polypeptide compriesing the general structural formula
[(D] [ (A) X--(B) ¥Y--(C) Z (I)] wherein (I) is a linear amino
acid sequence, B comprises an amino acid sequence containing at
least five amino acids which amino acids correspond to an antigenic
determinant of a GapC protein, A and C each comprise an amino acid
sequence that is (1) different from B, (11) different from the
other, and (i1ii) an amino acid sequence containing at least five
amino acids, which amino acid sequence corresponds to an antigenic
determinant of a GapC protein wherein said antigenic determinant is
not adjacent to B in nature, y is an integer of 1 or more, and x and
z are each independently integers wherein x + 2 is 1 or more

In certain embodiments, the multiple epitope fusion polypeptide
further comprises a signal sequence and/or a transmembrane sequence
Further, A, B, and/or C of the multiple epitope fusion polypeptide
may linked by one or more spacer sequences, whereln the spacers (1)
are amino acid sequences of from 1 to 1,000 amine acids, inclusive,
(i1) can be the same or different as A, B, or C, and (il1i) can be
the same or different as each other

In certain embodiments, A, B, and C each comprise epitopes from one
or more epecies of bacteria, such as from one or more bacterial
specles of the genus Streptococcus, including but not limited to one
or more bacterial species selected from the group consieting of
Streptococcus dysgalactiae, Streptococcus agalactlae, Streptococcus
uberis, Streptococcus parauberis, and Streptococcus [INIAE ]

In yet another embodiment, A, B, and C each comprise amino acid
sequences selected from the group consisting of {(a) the amino acid
sequence shown at about amine acid positions 61 to 81, inclusive, of
Figures 1 through 5, or any amino acid sequence having at least
about 80% identity thereteo, (b) the amino acid sequences shown at
about amino acid positions 102 to 112, inclusive, of Figures 1
through 5, or any amino acid sequence having at least about [B0%]
1dentity thereto, (c) the amino acid sequences shown at about amino
acid positione 165 to 172, inclusive, of Figures 1 through 5, or any
amino acid sequence having at least about [80%] identity thereto ,
(d) the amino acid sequences shown at about amino acid positions
[248] to 271, inclusive, of Figures through 5, or any amino acid
sequence having at least about 80% identity thereto, and (e) the
amino acld sequences shown at about amino acid positions 2B6 to 305,
incluaive, of Figures 1 through 5, or any amino acid sequence having
at least about 80% identity thereto

In another embodiment, the multiple epitope fusion polypeptide
comprises the amino acid sequence depicted in FPiqure 6 (SEQ ID NO
22)

In yet further embodiments, the invention is directed to
polynucleotide sequences encoding the multiple epitope fuaion
polypeptide sequence described above or compliments thereof, as well
as recombinant vectors comprising the polynuecleotide, host cells
comprising the recombinant vectors and methods of recombinantly



producing the polypeptides ' In another embodiment, the invention is
directed to a vaccine composition comprising a pharmaceutically
acceptable vehicle and a multiple epitope fusion polypeptide as
described above In certain embodiments, the vaccine compositions
comprise an adjuvant

In 8till a further embcdiment, the invention 1s directed to a method
of producing a vaccine composition comprising the steps of [(1)]
providing the multiple epitope fusion polypeptide, and (2) combining
the polypeptide with a pharmaceutically acceptable wvehicle

In another embodiment, the invention is directed to a method of
treating or preventing a bacterlal infection in a vertebrate subject
compriging administering to the subject a therapeutically effective
amount of a vaccine composition as described above

In certaln embodiments, the bacterial infection 18 a streptococcal
infection PFurther, the bacterial infection may cause mastitis

In yet another embodiment, the invention is directed to a method of
treating or preventing a bacterial infecticn i1n a vertebrate subject
compriping administering to the subject a therapeutically effective
amount of a polynuclectide as described herein

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

In further embodiments, the invention is directed to antibodies
directed againset the above multiple epitope fusion polypeptides The
antibodies may be polyclonal or monoclomal

In another embodiment, the invention is directed to a method of
detectling Streptococcus antibodies in a biological sample,
comprising (a) reacting said biological sample with a multaiple
epitope fusion polypeptide under conditions which allow said
Streptococcus antibodies, when present in the biological sample, to
bind to sald sequence to form an antibody/antigen complex, and (b)
detecting the presence or absence of sald complex, and thereby
detecting the presence or absence of Streptococcus antibodies in
said sample

In 8till a further embodiment, the invention is directed to an
immunodliagnostic test kit for detecting Streptococcus infection The
test kit comprises a multiple epitope fusion polypeptide as
described herein and instructionse for conducting the
immunodiagnostic test

These and other embodiments of the subject invention will readily
cccur to those of skill in the art in view of the disclosure herein

Brief Description of the Figures Figures [LA-LB] depict the isoclated
nucleotide sequence and deduced amino acid sequence of the gapC gene
for 8 dysgalactiae (SEQ ID NO 11 and SEQ ID N¢ 12) 1In the
figure, the asterisk represents a stop codon, and the underlined
regions represent nucleotide sequences complementary to the primers
used to lsclate the genes from the bacterial chromosomes

Figures [2A-2B] depict the 1solated nucleotide sequence and deduced
amino acid sequence ofthe gapC gene for S8 agalactiae (BEQ ID NO

13 and SEQ ID NO 14) 1In the figure, the asterisk represents a
stop codon, and the underlined regions represent nucleotide
Bequences complementary to the primers used to isolate the genes
from the bacterial chromcsomes

Figures 3A-3B depict the isolated nucleotide sequence and deduced
amino acid sequence of the gapC gene for [B ] [UBERIS] [{SEQ ID] WO
15) and SEQ [ID] KO 16) In the figure, the asterisk represents a
stop codon, and the underlined regions represent nucleotide
sequences complementary to the primers used to isolate the genes
from the bacterial chromosomes

Figures 4A-4B depict the isolated nucleotide sequence and deduced
amino acid sequence of the [GAPC] gene for B [PARAUBERIB] (BEQ ID
NO 17 and BEQ ID NO 18) In the figure, the asterisk represents
a stop codon, and the underlined regions represent nucleotide
sequences complementary to the primers used to 1solate the genes
from the bacterial chromosomes

Figures [S5A-5B] depict the isolated nucleotide sequence and deduced
amino acid sequence of the [GAPC] gene for 8 [INIAE] (BEQ ID NO

19 and SEQ ID HO 20) 1In the figure, the asterisk represents a
stop codon, and the underlined regions represent nucleotide
sequences complementary to the primers used to i1solate the genes
from the bacterial chromosomes

Figure 6 depicte the nucleotide sequence (SEQ ID NO 21) and
deduced amino acid sequence (SEQ ID NO 22) of the GapC multiple
epitope fusion protein of the present invention

Figures 7A-7E show a DNA alignment chart created by PileUp and
displayed by Pretty software (a component of the GCG Wiscomein



Package, versicn 10, provided by the BeqWeb sequence analysis
package, version 1 1, of the Canadian Biroinformatice Resource) The
figure depicte the lsolated nucleotide segquences of the gapC genes
from 8 dysgalactiae (DysGapC, Check 9344) (SEQ ID NO 11), (8 ]
[AGALACTIAE] (AgalGapC Check 2895) (8EQ ID RO 13), 5§ [UBERIS]
(UberGapC, Check [5966)] (S8EQ ID NO 15), [s] parauberis

[ (PUBERGAPC,] Check 9672) (SEQ ID NO 17}, and 8 iniae

[ (INXAEGAPC,] Check 990) (SEQ ID NO 19) The previously known
sequences [OF 8 EQUISIMILIS] (Seq@GapC, Check 5841}, 8 pycgenes
{BpyGapC, Check 4037), and a bovine GAPDH protein [(BOVGAPC,] check
5059) are also included The length and weight parameters were the
same for all sequencee (1018 and 1 00, respectively) The parameters
used i1n the DNA sequence comparison were as follows Plurality--2
00, Threshold-- [1 , AVEWEIGHT--1 ] 00, [AVEMATCH--1 ] 00,
AvMisMatch-0 00, Symbol comparison table-- pileupdna cmp,
[COMPCHECK-6876] , [GAPWEIGHT--5] , [GAPLENGTHWEIGHT-1] , PlleUp
MSF--1018 , Type-N, [CHECLC-3804 ] In the figure, dashes represent
identical nucleotides, dots represent gaps introduced by the
software used to generate the alignment chart, and tildes represent
regions not included in the overall alignment due to differences in
the length of the gene pequences

Figurep [BA-BC] show an amino acid sequence alignment chart created
by PileUp and displayed by Pretty (as above) that depicts the
alignment of PolyGap4 (BEQ ID NO 21), the multiple epitope fusion
polypeptide of the present invention, with the deduced amino acid
sequences of the native GapC proteins imsolated from § dysgalactiae
{DyaGapC, Check [6731)] (SEQ ID NO 12), 8 agalactie (AgalGapC,
Check 1229) (SEQ ID NO 14), [8 ] uberis (UberGapC, Check 8229)
{SEQ ID NO 16), [5 ] [PARAUBERIS] (PUberGapC, Check 8889) (SEQ ID
NO 18), and 8§ 1iniae {(IniaeGapC, check 8785) (SEQ ID NO 20) The
previously known sequences [OF 8 EQUISIMILIS] (S8eqg@apC, Check
8252), 5 pyogenes (SpydapC, Check 6626) and a bovine GAPDH protein
{(BovGapC, Check [8479)] are also included In the figure, dashes
represent identical amino acid residues, dote represent gaps
introduced by the Pi1leUp software, and tildes represent regions not
included in the overall alignment due to differences in the length
of the gene sequences

FPigure 9 shows a Kyte-Doolittle hydropathy plot, averaged over a
window of 7, an Emini surface probability plet, a Karplus-Schulz
chain flexibllity plot, a [JAMESON-WOLF] antigenic index plot, and
both Chou-Fapman and [GARNIER-OSGUTHORPE-ROBEON] pecondary structure
Plots for the GapC protein isolated from 5 dysgal

Figure 10 shows a Kyte-Doolittle hydropathy plot, averaged over a
window of 7, an Emini surface probabllity plot, a Karplus-Schuls
chain flexibility plot, a [JAMESON-WOLF] antigenic index plot, and
both Chou-Fasman and Garnler-Osguthorpe-Robson secondary structure
plots for the GapC proteln isolated from § agal

Figqure 11 ghowe a Kyte-Doolittle hydropathy plot, averaged over a
window of 7, an Emini surface probability plot, a Karplus-Schulz
chain flexibility plot, a Jameson-Wolf antigenic index plot, and
both [CHOU-FASMAN] and [GAMIER-OSGUTHORPE-ROBSON] secondary
structure plots for the GapC protein isolated from 8 uberis

Figure 12 shows a [KYTE-DOOLITTLE] hydropathy plot, averaged over a
window of 7, an Emini surface probabllity plot, a Karplus-Bchulz
chain flexibility plot, a Jameson-Wolf antigenic index plot, and
both Chcou-Faeman and Garnier-Osquthorpe-Robson secondary structure
plots for the GapC protein isolated from S8 [PARAUBERIS ]

Figure 13 shows a Kyte-Doolittle hydropathy plot, averaged over a
window of 7, an Emini surface probability plot, a Karplus-Schulz
chain flexibility plot, a Jameson-Wolf antigenic index plot, and
both Chou-Fasman and [GARNIER-OSGUTHORPE-ROBSON] secondary structure
Plots for the GapC protein isolated from 8 iniae

Fiqure 14 shows a Kyte-Doolittle hydropathy plot, averaged over a
window of 7, an Eminl surface probability plot, a Karplus-S8chulz
chain flexibility plot, a {JAMESON-WOLF] antigenic index plot, and
both Chou-Fasman and Garnler-Osguthorpe-Robson secondary structure
plots for LipoFGAP4 (SEQ ID NO 22), the chimeric GapC protein
Figure 15 is a diagrammatic representation of the [CHOU-FASMAN]
secondary structure plot for the GapC protein isolated from [5 ]
dyegal

Figure 16 is a diagrammatic representation of the Chou-Fasman
secondary structure plot for the GapC protein isolated from 8§ agal

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



Figure 1B i1s a dilagrammatic representation of the Chou-Fasman
secondary structure plot for the GapC protein isolated from 8
[PARARUBERIS ]

Figure 19 is a diagrammatic representation of the Chou-Fasman
secondary structure plot for the GapC protein isoclated from and 8§
[WHILE ]

Figure [20] is a dlagrammatic representation of the Chou-Fasman
secondary structure plot for LipoFGAP4 (SEQ ID NO 22), the
chimeric GapC protein

Figqure 21 is a diagram of plasmid pPolyGap [1 1]

Figure 22 is a diagram of plasmid pPolyGap 2

Figure 23 1s a diagram of plasmid pPolyGap 3

Figure 24 18 a diagram of plasmid pPolyGap 4 Figure 25 1s a diagram
of plasmid polygap4

Detajled Description The practice of the present invention will
employ, unless otherwise indicated, conventiocnal techniques of
molecular biology, microbiology, recombinant DNA technology, and
immnelogy, which are within the skill of the art Such techniques
are explained fully in the literature £See, e g , Sambrook, Fritsech
& Maniatie, 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 (B
Colowick and N Kaplan eds , Academic Press, Inc ), [AND HANDBOOX OF
EXPERIMESZTAL IMMUNOLOGY,] Vols I-IV (D M Weir amd C C
[BLACKWELL] eds , 1986, Blackwell Scientific Publications)

The following amino acid abbreviations are used throughout the text
Alanine Ala (A) Arginine Arg (R) Asparagine Asn (N) Aspartic

acid Aep (D) Cysteine Cys (C) Glutamine Gln (Q) Glutamic acid
Glu (E) Qlycaine Gly (G) Histidine His (H) Isoleucine Ile [(I)]
Leucine Leu (L) Lysine Lys (K) Methionine Met [(M)]

Phenylalanine Phe [(F)] Proline Pro (P) Serine Ser (8) Threonin
Thr (T) Tryptophan Trp (W) Tyrosine Tyr (Y) Valine vVal (V) A
Definitions In describing the present invention, the following terms
will be employed, and are intended to be defined as indicated below

It muat be noted that, as used in thie specification and the
appended claims, the singular [FORME™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 puch proteins, and the
lake

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
gpeciea, including, without limitation certain strains of group A
streptococc: (Lottenbery, R , et al , (1987) Infect Immun 55
1914-1918) The nucleotide pequence 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 isolated nucleotide
sequences and isolated amino acid sequences of 8 dysgalactiae (9EQ
ID NO 11 and SEQ ID NO 12, respectively), § agalactiae (SEQ ID
NO 13 and SEQ ID NO 14, respectively), [S ] uberis (BEQ ID WO
15 and SEQ ID NO 16, respectively), [5 ] parauberis (B8EQ ID NO

17 and SEQ ID NO 18, respectively,}, and [8 ] [INIAE] (BEQ ID NO
15 and SEQ ID NO 20, respectively)

However, a GapC protein as defined herein is not limited to the
depicted sequences as subtypes of each of these Streptococcus
species are known and variations in GapC proteins will occur between
them

Representative [GAPC] genes, derived from [5 ] dysgalactiae, §
agalactiae, 8 uberis, and S parauberis, are found in the plasmids
[PET15BGAPC,] pMF521lc, pMF521a, pMF521d, and ([PMF521E,

RESPECTIVELY ]

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

Thus, the terms intend full-length, as well as immunogenic,
truncated and partial sequences, and active analogs and precursor



forms of the proteins Also included i1n the term are nucleotide
fragments of the gene that include at least about B contiguous base
palrs, more preferably at least about 10-20 contiguous base pairs,
and most preferably at leaast about 25 to 50, or more, contiguous
base paire of the gene, or any integers between these values Such
fragments are useful as probes and in diagnostic methods, discussed
more fully below

The terme alsc 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 forms of
the GapC proteins which lack a membrane anchor region, and nucleic
acld sequences encoding proteins with such deletions Such deletions
may be desirable in systems that do not provide for secretion of the
protein Furthermore, the plasmin-binding domains of the proteins,
may or may not be present Thus, for example, if 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 1n vaccine compositions, 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 salts 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 discussed further below In
addition, the proteins may be modified by combination with other
biological materials such as lipids (both those occurring naturally
with the molecule or other lipids that do not destroy immunological
activity) and saccharides, or by side chain modification, such as
acetylation of amino groups, phosphorylation of hydroxyl side
chains, oxidation of [SULFHYDRYL] groups, glycosylation of amino
acid residues, as well as other modifications of the encoded primary
sequence

The term therefore intends deletions, additions and substitutions to
the pequence, s8¢ long as the polypeptide functions to produce an
immunological response as defined herein In this regard,
particularly preferred substitutions will generally be conservative
in nature, 1 e , those substitutions 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, arginin, histidine, (3) non-polar--alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan,
and (4) uncharged polar--glycine, asparagine, glutamine, cystine,
serine [TLIREONINE,] tyrosine FPhenylalanine, tryptophan, and
tyrosine are sometimes classified as aromatic amino acids For
example, it is reascnably predictable that an isolated replacement
of leucine with isoleucine or valine, or vice versa, an aspartate
with a glutamate or vice versa, & 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
blological activity

Proteins having substantially the same amino acid segquence as the
reference molecule, but possessing minor amino acid substitutions
that do not substantlially 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 intereat may include up to about
5-10 coneervative or non-conservative amince acid substitutions, or
even up to about 15-25 or 20-50 conservative or non-conservative
amino acid substitutiocns, or any integer between thege values, so
long as the desired function of the molecule remains intact

In this regard, GapC proteins ilsolated from streptococci exhibit
several variable regions in their amino acid sequences, located at
amino acild posltions 62 to 81 , 102 to 112, 165 to 172, 248 to 271,
and 286 to 305 These regiona, which in 8 dysgalactliae, 8
(AGALACTIAE, 8§ UBERIB, 5§ ] [PARAUBERIS AND 8 INIAE] exhibit from 1
to 9 amino acid substitutions, are likely to be amenable to
variation without substantially affecting immunogenic or enzymatic
function

Similarly, substitutions occurring in the transmembrane binding
domain, if present, and the signal sequence, if present, normally
will not affect immunogenicity One of skill in the art may readily
determine other regions of the molecule of interest that can
tolerate change by reference to the protein structure plots shown in
Figqures 5 to 20 herein

The term"streptococcal GapC protein"intends a GapC plasmin-binding
protein, as defined above, derived from a streptococcal species that



produces the same, including, but not limited to [8 ] dysgalactiae,
S [AGALACTIAE, S UBERIS, 8 PARAUBERIS, AND 5§ INIAE ] For
example, a "S5 dysgalactiae GapC protein'is a GapC plasmin-binding
protein as defined above, derived from & dysgalactiae Similarly,
an"s agalactiae GapC protein"intends a [GAPC] binding protein
derived from [S ] agalactlae

"Wild [TYPE"OR"NATIVE"PROTEINS]) or polypeptides refer to proteins or
polypeptides isolated from the source in which the proteina
naturally occur "Recombinant"polypeptides refer to polypeptides
produced by recombinant DNA techniques, 1 e , produced from cells
transformed by an exogenous DNA construct encoding the desired
polypeptide "Synthetic"polypeptides are those prepared by chemical
synthesis

An"isolated"protein or polypeptide 18 a protein or polypeptide
molecule separate and discrete from the whole organism with which
the molecule is found in nature, or a protein or polypeptide devoid,
in whole or part, of sequences normally associated with it in
nature, or a sequence, as 1t exists in nature, but having
heterologous sequences (as defined below) i1n assoclation therewlth
The [TERM"FUNCTIONALLY] [EQUIVALENT"INTENDS] that the amino acid
sequence [OF A GAPC] plasmin-binding protein i1s one that will elicit
a substantially equivalent or enhanced immuncological 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 is also used
interchangeably [WITH"ANTIGENIC] determinant"or "antigenic
determinant site "Antibodies that recognize the same epitope can be
identified in a simple immunocassay showing the ability of one
antibody to block the binding of another antibody to a target
antigen Epitopes may include 3 to 5 amino acids, more preferably 5
to 10 amino acids, up to the full length of the reference molecule
The term"multiple epatope’protein or polypeptide specifies a
sequence of amino acids comprising an epitope as defined herein,
which containe at least one epitope repeated two or more times
within a linear molecule The repeating sequence need not be
directly connected to itself, 1s not repeated in nature in the same
manner and, further, may be present within a larger sequence which
includes other amino acids that are not repeated For the purposes
of this invention, the epitope sequence may either be an exact copy
of a wlild-type epitope sequence, or a sequence which
[IS"FUNCTIONALLY] equivalent"as defined herein refers to a multiple
epitope protein or polypeptide as defined herein that is produced by
recombinant or synthetic methods

Avfusion"or"chimeric"protein or polypeptide is one in which amino
acld sequences from more than one source are joined Such molecules
may be produced synthetically or recombinantly, as described further
herein (see the pection entitled"Production of GapC Plasmin-Binding
[PROTEINS"INFRA) HENCE,] the term"multiple epitope fusion protein
or polypeptide"refers to a multiple epitope protein or polypeptide
as defined herein which 1s made by either asynthetic or recombinant
means

In this regard, a multiple epitope fusion protein comprising the
variable regions in the amino acid sequences of the GapC proteins
referred to above may be produced The amino acid sequence for a
representative GapC multiple epitope fusion protein, and a
corresponding polynucleotide coding eequence, 18 deplicted in Figures
6A-6C herein Methods for recombinantly producing the protein,
including a method for constructing the polyGap4 plasmid containing
the chimeric coding sequence {diagram in Figure 25) and a method for
expressing the protein from the polyGap4 plasmid, are deacribed in
Examples 4 and 5 infra

The terms"immunogenic"protein or polypeptide refer to an amino acid
sequence which elicits an immunological response as described
herein 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
ammunogenic fragments thereof By "immunogenic fragment"is meant a
fragment of a GapC plasmin-binding protein which includes one or
mgre epitopes and thus elicits the immunological response described
above

Such fragments can be identified using any number of epitope mapping
[TECHNIQUES,] well known in the art See, e g , Epitope Mapping
Protocols in Methods in Molecular Biology, Vol 66 {(Glenn E Morris,
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Ed , 1996) Humana Press, Totowa, New Jersey For example, linear
epitopes may be determined by concurrently synthesizing large
numbers of peptides on solid supports, the peptides corresponding to
portions of the protein molecule, and reacting the peptides with
antibodies while the peptides are still attached to the supports
Such techniques are known in the art and described in, e g , U 8
Patent No 4,708,871, Geysen et al (1984) Proc Natl Acad Sci
USA 81 3998-4002, Geysen et al (1986) [MOLEC ] Immunol 23

709-715 Similarly, [CONFORMATIONAL] epitopes are readily identified
by determining spatial conformation of amino acide such as by, e

g . X-ray crystallography and 2-dimensiconal nuclear magnetic
resonance

See, e g , Epitope Mapping Protocols, supra Antigenic regions of
pProteins can also be identified using standard antigenicity and
hydropathy plots, such as those calculated using, e g , the Omiga
version 1 0 software program avallable from the Oxford Molecular
Group This computer program employs the Hopp/Woods method, Hopp et
al , Proc [NATL } Acad B8cl USA (1581} 78 3824-3828 for
determining antigenicity profiles, and the Kyte-Doolittle technique,
Kyte et al , [J MOL BIOL ] {1982} 157 105-132 for hydropathy
plots Figures 9 to 20 herein depict [KYTE-DOOLITTLE] profiles for
representative proteins encompassed by the invention

Immunogenic fragments, for purposes of the present invention, will
usually include at least about 3 amino acids, preferably at leaat
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 plaemin- binding-binding protein molecule There is no critical
upper limit to the length of the fragment, which may comprise nearly
the full-length of the protein sequence, or even a fusion protein
comprising two or more epltopes of GapC

[AN"IMMUNOGENIC) composition”is a composition that comprises an
antigenic molecule where administration of the composition to a
subject results 1n the development in the subject of a humoral
and/or a cellular immune response to the antigenic molecule of
interest

By"subunit vaccine composition'is meant a composition containing at
least cne 1mmunogenic polypeptide, but not all antigens, derived
from or homologous to an antigen from a pathogen of interest Such a
composition is substantially free of intact pathogen cells or
particles, or the lysate of such cells or particles Thus, a"subunit
vaccine composition"is prepared from at least partially purified
(preferably substantially purified) immnogenic 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, 1 e , the material may be administered to an
individual in a formulation or compoeition without causing any
undesirable biological effects or interacting in a deleteriocus
manner with any of the components of the composition in which it is
contained

An"immunological response"to a composition or vaccine is the
development in the host of a cellular and/or antibody-mediated
immune response to the composition or vaccine of interest Usually,
[AN" IMMUNOLOGICAL] response®includes but is 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 yb T cells, directed specifically to an antigen or
antigens included in the composition or vaccine of interest
Preferably, the host will dieplay either a therapeutic or protectaive
immunological response such that resistance of the mammary gland to
new infection will be enhanced [AND/OR] the clinical severity of the
disease reduced Such protection will be demonstrated by either a
reduction or lack of symptoms normally displayed by an infected host
[AND/OR] a gquicker recovery time

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

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

By"mastitis"is meant an inflammation of the mammary gland in
mammale, including in cows, ewes, goats, sowa, mares, and the like,
caused by the presence of pathogenic microorganisms, such as [5 ]
uberis The infection manifests itself 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 secretlion 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, anorexlia and depression are slight to
moderate, (3) subacute, where no systemic changes are displayed and
the changes in the gland and its secretion are less marked and (4)
[SUBCLINICAL,] where the inflammatory reaction ie detectable only by
standard tests for mastitis

Standard teats for the detection of mastitis include but are not
limited to, the Califormia Mastitis Test, the Wisconein Mastitis
Test, the Nagase tept, the electronic cell count and pomatic cell
counts used to detect a persistently high white blood cell content
in milk 1In general, a somatic cell [COUNT] of about 300,000 to
about 500,000 cells per ml or higher, in milk waill indicate the
presence of infection Thus, a vaccine is considered effective in
the treatment and/or prevention of mastitis when, for example, the
gomatic cell count in milk is retained below about 500,000 cells per
ml For a discussion of mastitis and the diagnosis thereof, see, e
g , The Merck [ VETERINAR » O MANUAL A HANDBOOK OF DIAGNOSIS,
SHERAPY, AND DISEASE PREVENTION AND CONTROL] for 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, goatse, horses, and
humans, domestic animals such as dogs and cats, and birds, including
domestic, wild and game birds such as cocks and hens including
chickens, turkeye and other gallinaceous birds, and figh 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 limited to,
procaryotic sequences, eucaryotic [MRNA,] cDNA from eucaryotic
[MRNA,] genomic DNA sequences from eucaryotic (e g , mammalian)
DNA, and even synthetic DNA sequences The term also captures
sequences that include any of the known base analogs of DNA and RNA

(AN"ISOLATED"NUCLEIC] acid molecule 18 a nucleic acld molecule
Beparate and discrete from the whole organism with which the
molecule 18 found in nature, or a nucleic acid molecule devoid, in
whole or part, of sequences normally assoclated with it in nature,
Or a sequence, as 1t exists in nature, but having heterologous
sequences {(as defined below) in assoclation therewith

The term"isolated"in the context of a polynucleotide intends that
the polynucleotide 18 1solated from the chromosome with which it 1is
normally associated, and is isolated from the complete genomic
sequence in which it normally occurs

"Purified polynucleotide'refers to a polynucleotide of interest or
fragment thereof which 1s essentially free, e g , contains less
than about 50%, preferably less than about 70%, and more preferably
less than about 90%, of the protein with which the polynucleotide ais
naturally associated Technigues 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 lon-exchange chromatography, affinity chromatography and
sedimentation according to density

A"cading sequence"or a'"nucleotide sequence encoding"a particular
protein, is a nucleotide sequence which 1s transcribed and
translated into a polypeptide in vitro or in vivo when placed under
the control of appropriate regulatory elements The boundaries of
the coding sequence are determined by a start codon at the 5!

(amino) terminus and a translation stop codon at the 3' (carbaxy)
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 synthetac



DNA sequencea A transcription termination sequence will usually be
located 3'to the coding sequence A"complementary"sequence is one in
which the nitrogenous base at a given nucleotide position 1s the
complement of the nitrogenous base appearing at the same position in
the reference sequence To i1llustrate, the complement of adenosine
18 tyrosine, and vice versa, similarly, cytosine 18 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 essentlally as they are
found in nature, e g , the 8 dysgalactiae GapC protein encoding
sequences depicted in Figures [IA-IB] (SEQ ID NO 12)
"Recombinant"as used herein to describe a nucleic acid molecule
means a polynucleotide of genomic, [CDNA,] semisynthetic, or
synthetic origin which, by virtue of ite origin or manipulation (1)
18 not assoclated with all or a portion of the polynucleotide with
which i1t 18 associated in nature, and/or (2) 1s linked to a
polynucleotide other than that to which it is linked in nature The
term"recombinant"as used with respect to a protein or polypeptide
means a polypeptide produced by expression of a recombinant
polynucleotide "Recombinant host cells,""host [CELLS, ""CELLS, ""CELL]
lines, ""cell cultures, "and other such terms denoting procaryotic
microorganisms or eucaryotic cell lines cultured ag unicellular
entities, are used interchangeably, and refer to cells which can be,
or have been, used as reciplents for recombinant vectors or other
transefer 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 neceasarily be completely identical in
morpholaogy 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 moieties Two DNA, or two polypeptide sequences
are"substantially homolagous” to each other when the sequences
exhibit at least about 80%-85%, preferably at least about 90%, and
most preferably at least about 95%-98% sequence ldentity 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 mequences, 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 sequences, dividing by the
length of the shorter sequence, and multiplying the result by 100
Readily available computer programs can be used to ald in the
analysels, such as ALIGN, Dayhoff, M O 1n Atlas of Protein Sequence
and Structure M O [DAYHOFF ED ,] 5 Buppl 3 [353-] 358, Natlonal
biomedical Research Foundation, Washington, DC, which adapts the
local homology algorithm of Smith and Waterman [(1581) ADVANCES IN
APPL MATH ] 2 482-489 for peptide analysis Programs for
determining nucleotide sequence jidentity are available in the
Wisconsin Bequence Analysis Package, Version 8 (avallable from
Genetics Computer Group, Madison, WI) for example, the BESTFIT,
FASTA and GAP programs, which also rely on the Smith and Waterman
algorithm These programs are readily utilized with the default
parameters recommended by the manufacturer and described in the
Wisconein Sequence Analysis Package referred to above For example,
percent ldentity of a particular nucleotide sequence to a reference
gequence can be determined using the homology algorithm of Smith and
Waterman with a default scoring table and a gap penalty of six
nuclectide 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 F
Collins and Shane § ({STURROK,] and distributed by IntelliGenetics,
Inc

{Mountain view, CA) From this sulte 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 1ln the art, for example, ancther alignment
program 18 BLAST, used with default parameters For example, BLASTN
and BLASTP can be used using the following default parameters
genetic code = standard, filter = none, strand = both , cutoff = 60,
expect = 10 , Matrix = [BLOSUM62] , Descriptions = 50 sequences,
sort by = HIGH SCORE, Databases = non-redundant, GenBank + EMBL +
DDBJ + PDB + GenBank CDS translations + Swiss protein + Spupdate +
PIR Details of these programs can be found at the following
internet address http //www [NCBI ] nhn [GOV/CGI-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-apecific nuclease (8), and size determination of the
digensted fragments DNA sequences that are substantially homologous
can be identified in a Southern hybridization experiment under, for
example, stringent conditions, as defined for that particular
syestem

Defining appropriate hybridization conditions 18 within the ekill of
the art See, e g , Sambrook et al , supra , DNA Cloning, supra ,
Nucleic Acid Hybridization, supra

By the [TENN"DEGENERATE] variant'"is intmsnded a polynucleotide
containing changes in the nucleic acid sequence thereof, that
encodes a polypeptide having the same amino acid sequence as the
polypeptide encoded by the polynucleotide from which the degenerate
variant is derived

Techniques for determining amino acid sequence®"similarity"are well
known in the art

In general,"similarity"means the exact amino acid to amino acid
comparison of two or more polypeptides at the appropriate place,
where amino acids are identical or possess similar chemical and/or
physical properties such as charge or hydrophobicity A
[SO-TERMED"PERCENT] similarity"then can be determined between the
compared polypeptide sequences Techniques for determining nucleic
acid and amino acid sequence identity also are well known in the art
and iaclude determining the nucleotide sequence of the [MRNA] for
that gene (usually via a cDNA intermediate} and determining the
amino acid sequence encoded thereby, and comparing this to a second
amino acid sequence In general, "identity"refers to an exact
nucleotide to nucleotide or amino acid to amino acid correspondence
of two polynucleotides or polypeptide sequences, respectively
A"heterologous"region of a DNA construct ie an identifiable segment
of DNA within or attached to another DNA molecule that is not found
in assoclation with the other molecule in nature Thus, when the
heterologous reglon encodes a bacter:ial 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 heterclogous coding seqgquence 1s a construct
where the coding sequence itself 1s not found in nature (e g ,
synthetic sequences having codons different from the native gene)
Allelic variation or naturally occurring mutational events do not
give rise to a heterologous reglon of DNA, as used herean
A'"vector"is a replicon, such as a plasmid, phage, or cosmid, to
which another DNA segment may be attached so as to bring about the
replication of the attached segment A vector is capable of
transferring gene sequences to target cells (e g , bacterial
plasmid vectors, viral vectors, non-viral vectors, particulate
carriers, and liposomes)

Typically, the terms"vector construct, ""expression vector, ""gene
expression vector," "gene delivery vector,""gene transfer

vector, "and"expreesion camsette®all refer to an assembly which ia
capable of directing the expression of a sequence or gene of
interest Thus, the terms include cloning and expression vehicles,
ae well as viral vectors

Theae assemblies include a promoter which is operably linked to the
sequences or gene (8) of interest Other control elements may be
present as well The expression cassettes described herein may be
cantained within a plasmid construct 1In addition to the components
of the expression cassette, the plasmid construct may also include a
bacterial origin of replication, one or more selectable markers, a
signal which allows the plasmid comstruct to exist as single-
stranded DNA [(E ] [@ ,] a [M13] origin of replication), a multiple
cloning site, and [A"MARNMALIAN"] origin of replication (e g , a
SV40 or adencovirus origin of replicatien)

[DMA"CONTROL] elements"refers collectively to transcription
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promoters, transcription enhancer elements, tramscription
termination sequences, polyadenylation sequences (located 3'to the
translation stop codon), sequences for optimization of initiation of
tranalation (located 5'to the coding sequence), translation
termination sequences, upstream requlatory domains, ribosome binding
gites and the like, which collectively provide for the transcription
and translation of a coding sequence in a host cell See e [G ,]
McCaughan et al (1995) PNAS USA 92 5431-5435, [KOCHETOV] et al
(1998) FEBELetts 440 3151-355 Not all of these control sequences
need always be present in a recombinant vector sc long as the
desired gene 18 capable of being tranacribed and translated
"Operably linked"refers to an arrangement of elements wherein the
components 80 described are configqured so as to perform their usual
function Thus, control elements operably linked to a coding
gequence are capable of effecting the expression of the coding
sequence The control elementes need not be contiguous with the
coding sequence, so long as they function to direct the expression
therecof Thus, for example, intervening untranslated yet transcribed
sequences can be present between a promoter and the coding seguence
and the promoter can still be considered"operably linked"to the
coding pequence [SIMILARLY, "CONTROL] elements compatible with
expregssion 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,“directes the
[TRANSCRIPTION"OF] a coding sequence in a cell when RNA polymerase
will bind the promoter and transcribe the coding sequence into
[MRNA,] which is then translated into the polypeptide encoded by the
coding sequence

A'host cell"is a cell which has been transformed, or is capable of
transformation, by an exogenous nucleic acid molecule

A cell has [BEEN"TRANSFORMED"BY] exogenous DNA when such exogenous
DNA has been introduced inside the cell membrane Exogenous DNA may
or may not be 1ntegrated (covalently linked) into chromosomal DNA
making up the genome of the cell In procaryotes and yeasts, for
example, the exogenous DNA may be maintained on an episomal element,
such as a plasmid With respect to eucaryotic cells, a stably
transformed cell 1s one in which the exogenous DNA has become
integrated into the chromosome so that it is 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 celle 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 fluid, lymph fluid, samples of the skin, external
secretions of the skin, respiratory, intestinal, and genitourinary
tracts, tears, Baliva, milk, blood cells, organm, biopsies and also
samples [OF IN VITRO] cell culture constituents aincluding but not
limited to conditioned media resulting from the growth of cells and
tissues in culture medium, ¢ g , recombinant cells, and cell
components

As used herein, the terms"label"and"detectable label"refer to a
molecule capable of detection, including, but not limited to,
radicactive isotopes, fluorescers, chemiluminescers, enzymes, enzyme
subatrates, enzyme cofactors, enzyme inhibitors, chromophores, dyes,
metal ions, metal sole, ligands (e g , biotin or haptens) and the
like The [TERM"FLUQRESCER"REFERS]) to a substance or a portion
thereof whaich 1s 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-B-GALACTOSIDASE }

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

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

General Overview of the Invention Central to the present invention
is the discovery that the GapC protein is capable of eliciting an
immune response in a vertebrate subject Experiments performed in



pupport of the present invention have demonstrated that immunization
of dalry cattle with the GapC protein of § dysgalactiae conferred
protection against experimental infection with this organism, and
furthermore, conferred cross-protection against infection by 8
(UBERIS ]

GapC ie produced by a number of different streptococcus species
With the exception of several localized variable regions, the amino
acid sequences of the GapC proteins produced by those strains are
highly conserved Therefore, it is desirable to construct multiple
epitope GapC fusion proteins comprising antigenic determinants taken
from both the highly conserved regions of GapC, and the unique
regions of GapC proteins from several etreptococcal species
Experiments performed in support of the present invention have
demongtrated that such a protein i1s capable of eliciting broad
immunity against a variety of streptococcal infections while
providing the additional economic advantage of minimizing the number
of antigens present in the final formulation, and concomitantly
reducing the cost of producing that formulation

The GapC multiple epitope fusion proteins of the present invention
are depcribed by the general structural formula [{(A) X--(B) Y¥Y--(C)
2] representing a linear amino acid sequence B is an amino acid
sequence of at least five and not more than 1,000 amino acids of an
antigenic determinant from a GapC protein, and y ip an integer of 2
or more A and C are each different from B, as well as being
different from each other, and are independently an amino acid
sequence of an antigenic determinant containing at least five and
not more than 1,000 amino acide not immediately adjacent to B in
nature x and z are each independently an integer of 0 or more,
wherein at least one of x and z 18 1 or more

Typically, A, B, and C are antigenic determinants from the GapC
proteins of one or more bacterial species In a preferred
embodiment, A, B, and C are amino acid sequences comprising one or
more antigenic determinants f£rom the GapC protein of one or more of
the following speclies of streptococcus [ ] [S DYSGALACTIAE , §
AGALACTIAR] , 8 [UBERIS] , [8 ] parauberis, and § inilae

In this regard, Figures 9 through 13 show plots of the following for
the streptococcal GapC proteins employed by the present invention
[KYTR-DOOLITTLE] hydrophathy, averaged over a window of 7, surface
probability according to Emini , chain flexibility according to
Xarplus- Bchulz , antigenicity index according to [JAMESON-WOLF ,]
secondary structure according to [GARNIER-OSGUTHORPE-ROBSON] ,
secondary structure according to [CHOU-FASMAN ,] and predicted
glycosylation sites Fiqures 15 through 19 show plots of secondary
structure according to Chou- Fasman for the aforementioned proteins
One of skill in the art can readily use the information presented in
Fiqures 9 through 13 and 15 to 19 in view of the teachings of the
present apecification to identify antigenic regions which may be
employed in constructing the chimeric protein of the present
invention

Moat preferably, A, B, [AND/OR] C include one or more variable
reglons of the GapC proteins from more than one streptococcus
species In this regard, Figures BA-B8C show an amino acid sequence
alignment which illustrates regions of homology and variabllity that
exist among GapC proteins from [S ] [DYSGALACTIAE, § AGALACTIAE, S
UBERIB, 8 PARAUBERIS, AND § I7¢IAE ]

Amino acld gsequences for the GapC proteins of § [PYOGENES] [AND 8
EQUISIMILIS, 8 PYOGENES] are also included 1In particular, several
variable regions are located at amino acad positions 62 to Bl , 102
teo 112, 165 to 172, 248 to [271] , and 286 to 305

The multiple epitope fusion protein of the present invention may
also include spacer sequences interposed between [A,] B, and/or C
The spacer sequences are typically amino acid sequences of from 1 to
1,000 amino acide, may be the seme or different as A, B, or C, and
may be the same or different as each other

The present invention may also include a signal sequence [AND/OR] a
transmembrane sequence Examples of suitable signal sequences
include the E coli LipoF signal sequence, and the OmpF signal
sequence Examples of suitable transmembrane sequences include those
associated with LipoF and OmpF

An especially preferred embodiment of the present invention is the
multiple epitope fusion protein Gap4 The amino aclid sequence of
Gap4 (SEQ ID NO 22), a representative multiple epitope GapC fusion
protein, is shown in Figures 6A-6C, as 1ls the polynucleotide
sequence which encodes it (S8EQ ID NO 21) Gap4 1s a 47 905 kDa
chimeric protein of [448] amino acide Residues 1 to 27 are
identical to amino acid residues 1 to 27 of the [E ] coli LipoF

ST
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signal sequence Residues 28 to 123 are identical to residues 1 to
96 of the 5 dysgalactiae GapC protein Residuesa 124 (leucine) and
125 (glutamic acid) are spacer amino acids They are followed by
residues 126 to 165, which are identical to residues 56 to 95 of 8
parauberls as well as to the pame resldues [OF § UBERIS ] Reslidue
166 (isoleucine) is a spacer amino acid

Resldues 167 to 208 are identical to residues 55 to 96 [OF THE 8
AGALACTIAE] GapC protein

Residues 209 (threonine) and 210 (serine} are espacer amino acids
Residues 211 to 448 are identical to residues 99 to 336 of the 8
dysgalactiae GapC protein

Ag expressed, Gap4 hae a cysteine repidue present at the amino
terminal end of the mature protein The LipoF signal sequence and
cyeteine residue are present to ensure that the chimeric molecule is
efficiently secreted from the bacterial host cell and becomes bound
to the host cell membrane via the lipid-moiety The protein may then
be extracted from the cell surface via differential solubilization
with a detergent such as Sarkosyl or [TRITONX-100&COMMAT, ] (see
Example 5 infra)

The GapC chimeric proteins of the present invention or antigenic
fragments thereof can be provided in subunit vaccine compositions
In addaition to use in vaccine compositions, the proteins or
antibodies thereto can be used as diagnostic reagents to detect the
presence of infection 1ln 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 straine 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 embodimente

The vaccine compositions of the present invention can be used to
treat or prevent a wide variety of bacterial infectione in
vertebrate subjects For example, vaccine compositions including
GapC multiple epitope fusion proteins comprising antigenic
determinants from § [DYSGALACTIAE, § UBERIS, 8 PARAUBERIS, 8
INIAE,] and/or group B streptococcl {(GB8) such as 5 agalactlae, can
be used to treat streptococcal infectione in vertebrate subjects
that are caused by these or other species Im particular, 8 ([UBERIS
AND 8 AGALACTIAE] are common bacterial pathogens assoclated with
mastitie in bovine, equine, ovine and goat species Additionally,
group B streptococci, such as 8 agalactiae, are known to cause
numerous other infections ln vertebrates, including septicemia,
meningitis, bacteremia, impetigo, arthritis, urinary tract
infections, abscesses, spontanecus abortion etc Hence, vaccine
compositions containing chimeric GapC proteins will find use in
treating and/or preventing a wide varlety of streptococcal
infections

Similarly, GapC multiple epitope fusion proteins comprising
antigenic determinants derived from other bacterial genera such as
Staphylococcus, Mycobacterium, Escherichia, Pseudomonas, Nocardia,
Pasteurella, Clostridium and Mycoplasma wlll find use for treating
bacterial infections caused by species belonging to those genera
Thus, it is readlly apparent that chimeric GapC proteins can be used
to treat and/or prevent a wide variety of bacterial infectionms in
numerous specles

The GapC multiple epatope fusion proteins of the present invention
can be used in vaccine compositions either alore or in combination
with other bacterial, [FUNGAL,] viral or protozoal antigens Thege
other antigens can be provided separately or even as fusion proteins
comprising the GapC chimeric protein fused to one or more of these
antigens For example, other immunogenic proteins from § uberis,
auch as the CAMP factor, hyaluronic acid capsule, hyaluronidase,
R-like protein and plasminogen activator, can ba administered with
the chameric GapC protein Additionally, immunogenic proteins from
other organisme i1nvolved in mastitis, such as from the genera
Btaphylococcus, Corynebacterium, Pseudomonas, Nocardia, Clostridium,
Mycobacterlium, Myccplasma, Pasteurella, Prototheca, other
streptocaccl, [COLIFORM] bacteria, as well as yeast, can be
administered along with the GapC fusion proteins described herein to
provide a broad spectrum of protection Thus, for example,
immunogenic proteins from Staphylococcus aureus, [STR ] agalactiae,
[STR ] dysgalactiae, [STR 1 zooepldemicus, Corynebacterium
[{PYOGENES, PSEUDOMONAS AERUGINOSA, NOCARDIA ASTEROIDES, CLOSTRIDIUM]
[PERFRINGENS, ESCHERICHIA COLI, ENTEROBACTER AERQGENES] and
Klebsiella spp can be provided along with the GapC plasmin-binding
proteins of the present invention



Production of GapC Multiple Epitope Fusion Proteins The
above-described chimeric proteins and active fragments and analogs
derived from the pame, can be produced by recomb:inant methods as
described herein These recombinant products can take the form of
partial protein sequences, full-length sequences, precursor forms
that include signal sequences, or mature forms without sigmals

The GapC plasmin-binding protein DNA sequences used to construct the
chimeric proteins of the present invention can be i1solated by a
variety of methods known to those of ekill in the art See, e g,
Sambrook et al , supra Methods for isclating, cloning and
sequencing the gene sequences encoding GapC proteins from S
dysgalactiae, 8 [AGALACTIAE, S UBERI8, 8 ] [PARAUBERIS, AND B8
INIAE] are detalled in Examples 1,2 and 3, infra

After isolating and cloning the deslred GapC protein sequences,
polynucleotide sequences encoding the chimeric proteins are
constructed using standard recombinant techniques including PCR
amplafication, restriction endonuclease digestion and ligation See,
e g , Sambrook et al , supra Methods for comstructing Gap4, an
especially preferred embodiment of the present lnvention, are
detailed in Example 4, [INJ2RA ]

Alternatively, the 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 In general, one will select
preferred codons for the intended hoet if the sequence will be used
for expression The complete sequence is assembled from overlapping
oligonucleotides prepared by standard methods and assembled into a
complete coding sequence Bee, e g , Edge (1981) Nature 2% 756 ,
[NAMBATR] et al (1984) S8Scili- ence 223 (1299 ,] Jay et al (1984) [J
., BIOL CHEM ] 259 6311

Once coding sequences for the desired proteins have been prepared,
they can be cloned into any suitable vector or replicon HNumerous
cloning vectors are known to those of ekill in the art, and the
selection of an appropriate cloning vector is a matter of choice
Examples of re- combinant DNA vectors for cloning and host cells
which they can transform include the bacteriophage [K] (E colil),
pBR322 (E coli), pACYC177 (E coli), pKT230 (gram-negative
bacteria), [PGV1 106] {gram-negative bacteria), ([PLAFRL]
(gram-negative bacteria), pME290 (non-E coli gram-negative
bacteria), pEV14 (E coli and Bacillus subtilis), pBD9 (Bacillus},
plJ61 [ (STREPTOMYCEB), PUC6 (STREPTOMYCES), YIP5 (BACCHAROMYCES),
YCPLS (NACCHAROMYCES)] and bovine papilloma virus (mammalian cells)
See, Sambrook et (AL ,] supra , DNA Cloning, supra , B Perbal,
BsuUpra

The gene can be placed under the control of a promoter, ribosome
binding eite (for bacte- rial expression) and, optionally, an
operator (collectively referred to herein as"control" elements), so
that the DNA sequence encoding the desired proteln is tranecribed
into RNA in the host cell transformed by a vector containing this
expresslion comstruction 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 LipoF signal sequence is
added to the amino-terminal region of the chimeric protein Gap4 to
permit secretion of the protein after expression See Examples 4E
and 5, infra Leader sequences can be removed by the host in
[POST-TRANSLATIONAL] processing See, e g , U S Patent Nos
4,431,739, 4,425,437, 4,338,397

Other regulatory sequences which allow for regulation of expression
of the protein sequences relative to the growth of the host cell may
aleo be depirable Regqulatory sequences are known to thoge of pkill
in the art, and examples include those which cause the expression of
a gene to be turned on or off in response to a chemical or physical
stimulus, including the presence of a regulatory compound Other
types of regulatory elements 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 ingertion into a vector, such as the
cloning vectors described above

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

In some cases it may be necessary to modify the coding sequence 80
that it may be attached to the control sequences with the
appropriate orientation, 1 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 sequence encoding the protein, by
ingertion of a sequence, and/or by substitution of one or more
nucleotides within the sequence Techniques for modifying nucleotide
sequences, such as slte-directed mutagenesis, are described in, e

q , Sambrook et al , supra , DNA Cloning, supra , Nucleic Acid
Bybridization, supra

The expression vector is then used to transform an appropriate host
cell A number of mammalian cell lines are known in the art and
include immortalized cell lines available from the American Type
Culture Collection (ATCC), such as, but not limited to, Chinese
hamater ovary (CHO) cells, HelLa cells, haby hamster kidney ({(BHK)
cells, monkey kidney cells (COS), human hepatocellular carcinoma
cells (e g , Hep G2), Madin-Darby bovine kidney [("MDBK"}] cells,
ag well as others B8imilarly, bacterial hosts such as E coli,
Bacillus subtilis, and Btreptococcus [SPP ,] will find use with the
preasnt expression constructs Yeast hosts useful in the present
invention include [INTER ALIA, SACCHAROMYCES CEREVISIAE, CANDIDA
ALBICANS, CANDIDA MALTOSA,] [<BR> <BR> HAHSENULA POLYYNOPHA,
KLUYVEROMYCES FRAGILIS, KLUYVEROMYCES LACTIS, PICHIA
GUILLERIMONDII,] Pichia [PASTORIS, SCHIZOSACCHAROYNYCES POMBE] and
[YARROWIA] [LIPOLYTICA INSECT] cells for use with baculovirus
expreggion vectors include, [INTER ALIA, AEDEE AEQGYPTI, AUTOGRAPHA
CALIFORNICA,] Bombyx [MORI, DROSOPHILA MELANOGASTER,
SPODOPTERAFRUGIPERDA,] and Trichoplusia ni1

Depending on the expression system and host selected, the proteains
of the present invention are produced by culturing host cells
transformed by an expression vector deacribed 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 1solated 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 art See, e g, J M Stewart and J D Young,
Solid Phape Peptide Synthesims, 2nd Ed , Pierce Chemical Co ,
[ROCKFORD,] IL (1984) and G Baxrany and R B Merrifield, The
Peptides Analysis, Synthesis, Biology, editors E Gross and J
Meienhofer, Vol 2, Academic Press, New York, (1980), pp 3-254, for
eolid phase peptide synthesis techniques, and M

(BODANSKY, PINCIPLES OFPEPTIDE SYNTHESIS,] Springer-vVerlag, Berlin
[{(1984)] and E Gross and J

Meienhofer, Eds , The Peptidea Analysis, Synthesis, Biology,
supra, Vol 1, for classical solution synthesis Chemical synthesis
of peptides may be preferable 1f a small fragment of the antigen in
question 1s capable of raising an immunological response in the
subject of interest

The chimeric 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, rabbat, goat, horse, etc ) is
immunized 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 Bee, € g , Jurgens et
al (1985) {J ]

Chrom 34F 363-370 If serum containing polyclonal antibodies 18
vaed, the polyclonal antibodies can be purified by immunoaffinity
chromatography, using known procedures

Monoclonal antibodies to the chimeric GapC plasmin-binding proteins
and to the fragments thereof, can also be readily produced by one
gkilled in the art The general methodology for making monoclonal
antibodies by using hybridoma technology ia 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
Epetein-Barr virus See, e g , M Schreier et al , Hybridoma
Techniques (1980), Hammering et [AL , MONOCLONAL ANTIBODIES AND
L*-CELL HYBRIDOMAS (1981)] , [KENNETT] et al , Monoclonal Antibodies
(1980) , Bee also U 8 Patent Nos 4,341,761, 4,399,121, 4,427,783,
4,444,887, 4,452,570, 4,466,917, 4,472,500,4,491,632, and 4,493,890
Panels of monoclonal antibodies produced against the chimeric GapC
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plasmin-binding proteine, or fragments thereof, can be screened for
various properties, 1 e , for isotype, epitope, affinity, etc
Monoclonal antibodies are useful in purification, using
lmmunoaffinity techniques, of the individual antigens which they are
directed against Both polyclonal and monoclonal antibodies can also
be used for passive immunization or can be combined with subunit
vaccine preparations to enhance the immune response Polyclonal and
monoclonal antibodles are also useful for diagnostic purposes
Vaccine Formulatione and Administration The GapC multiple epitope
fusion proteins of the present invention can be formulated into
vaccine compositions, elther alone or in combination with other
antigens, for use 1n i1mmunizing subjects as described below Methods
of preparing such formulations are deecribed in, e g ,
[REMINGTON&APOS, 8 PHARMACEUTICAL SCIENCES,] Mack Publishing Company,
Easton, Pennsylvania, 18 Edition, 1990 Typically, the vaccines of
the present invention are prepared as lnjectables, either as liquid
solutions or puspensions BSolid forms suitable for solution in or
suspension in liquid wvehicles prior to injection may also be
prepared The preparation may aleo be emulsified or the active
ingredient encapsulated in [LIPOSOME] vehiclees The active
immunogenic ingredient 18 generally mixed with a compatible
pharmaceutical vehicle, such as, for example, water, saline,
dextrose, glycercl, ethanol, or the like, and combinations thereof
[IN] addition, i1f desired, the vehicle may contain minor amounts of
auxiliary substances such as wetting or emulsifying agents and pH
buffering agents

Adjuvanta which enhance the effectlveness of the vaccine may also be
added to the formulation Adjuvanteg may include for example,
[MURAMYL] dipeptides, avridine, aluminum hydroxide,
dimethyldioctadecyl ammonium bromide {DDA), oils, oll-in-water
emulsions, saponine, [CYTOKINES,] and other substances known in the
art

The chimeric GapC plasmin-binding protein may be linked to a carrier
in order to increase the immunogenicity thereof BSuiltable carriers
include large, glowly metabolized macro- molecules such as proteins,
including serum albumins, keyhole limpet hemocyanin, immunoglobulin
molecules, thyroglobulin, cvalbumin, 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
aci1d copolymere, and inactive virus particles

The chimeric GapC plasmin-binding proteins may be used in their
native form or theilr functional group content may be modified by,
for example, succinylation of lysine residues or reaction with
Cys-thiclactone A [SULFHYDRYL] group may also be incorporated into
the carrier (or antigen) by, for example, reaction of amino
functions with Zz-iminothiolane or the N-hydroxysuccinimide ester of
3- (4-dithiopyridyl propionate BSuitable carriers may also 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 chimeric GapC plasmin-binding
proteins of the present invention include VPE polypeptides of
rotaviruses, or functional fragments thereof, as disclosed in U 8
Patent No 5,071,651 Also useful is a fus:ion product of a viral
protein and the subject chimeric proteins made by methods disclosed
in U 8 Patent No 4,722,840 8Still 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 erythrocytes Methods of coupling peptides to proteins or cells
are known to those of skill in the art

Furthermore, the chimeric GapC plasmin-binding proteins (or
complexes thereof) may be formulated inte vaccine compositions in
either neutral or salt forms Pharmaceutically acceptable salts
include the acid addition salts {formed with the free amino groups
of the active polypeptides) and which are formed with inorganic
aclds such as, for example, hydrochloric or phosphoric acids, or
such organic acids as acetic, oxalic, tartaric, mandelic, and the
like Salts formed from free carboxyl groups may also be derived
from inorganic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic bases as
isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine,
procalne, and the like

Vaccine formulations will contain a"therapeutically effective



amount"of the active ingredient, that 1s, an amount capable of
eliciting an immune response in a subject to which the composition
18 administered In the treatment and prevention of mastitis, for
example, a "therapeutically effective amount"would preferably be an
amount that enhances resistance of the mammary gland to new
infection and/or reduces the clinical severity of the disease Such
protection will be demonstrated by either a reduction or lack of
symptoms normally displayed by an infected host, a quicker recovery
time and/or a lowered somatic cell count in milk from the infected
quarter For example, the ability of the composition to retaim or
bring the somatic cell count (5CC) in milk below about 500,000 cells
per ml, the threshold value set by the Intermational Dairy
Federation, above which, animales are considered to have clinical
mastitis, will be indicative of a therapeutic effect

The exact amount 1s readlly determined by one skilled in the art
using standard tests

The chimeric @apl plasmin-banding proteln concentration will
typically range from about [1%] to about 95% {(w/w) of the
compopition, or even higher or lower if appropriate With the
present vaccine formulations, 5 to 500 [LL3) of active ingredient
per ml of injected solution should be adequate to raise an
immunological response when a dose of 1 to 3 ml per animal is
administered

To immunize a subject, the vaccine 18 generally administered
parenterally, usually by intramuscular injection Other modes of
adminietration, however, such ap subcutaneous, intraperitoneal and
intravenous injection, are alsoc acceptable The guantity to be
administered depends on the animal to be treated, the capacity of
the animal's immune system to synthesize antibodies, and the degree
of protection desired Effective dosages can be read:ily established
by one of ordinary skill in the art through routine trials
egtablishing dose response curves The subject 18 immunigzed 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 1mmunity to infection

Additional vaccine formulations which are suitable for other modes
of administration include suppositories and, in some cases, aerosol,
intranasal, oral formulatioms, and sustained release formulations
For suppositories, the vehicle composition will include traditional
binders and carrlers, such as, polyalkaline glycols, or
[TRIGLYCERIDES ] Buch suppositories may be formed from mixtures
contalning the active ingredient in the range of about 0 5% to about
10% (w/w), preferably about 1% to about 2% Oral vehicles include
such normally employed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium, stearate, sodium
saccharin cellulose, magnesium carbonate, and the like These oral
vaccine compositions may be taken in the form of sclutioms,
suspensions, tablets, pille, capsules, sustained release
formulationa, or powders, and contain from about 10% to mbout 95% of
the active ingredient, preferably about 25% to about 70%

Intranasal formulations will usually include vehicles that neither
cause lrritation to the nasal mucosa nor eignificantly disturb
ciliary function Diluents such as water, aquecus saline or other
known substances can be employed with the subject invention The
nasal formulatione may aleo contaln preservatives such as, but not
limited to, chlorobutanol and benzalkonium chloride A surfactant
may be present to enhance abscrption of the subject proteins by the
nasal mucoaa

Controlled or sustalned 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 (D] copolymers, swellable polymers
such as hydrogels, or resorbable polymers such as collagen and
certain polyacide or polyesters such as those used to make
resorbable sutures The chimeric GapC plasmin-binding proteins can
also be delivered using implanted mini-pumpa, well known in the art

The chimeric GapC plasmin-binding proteins of the instant invention
can also be administered via a carrier virue which expresses the
game Carrier virusee 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 inserted
into an appropriate vector soc that it is adjacent to a vaccinia
promoter and flanking vaccinia DNA sequences, such as the sequence
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encoding thymidine kinase (TK) This vector 1s then used to
transfect cells which are simultaneously infected with vaccinia
Homologous recombination serves to insert the vaccinia promoter plus
the gene encoding the instant protein into the viral genome The
resulting [TKRECOMBINANT] can be selected by culturing the cells in
the presence of 5-bromodecxyuridine and picking varal plagues
resistant thereto

An alternative route of administration involves gene therapy or
nucleic acid immunization Thus, nucleotide sequences {and
accompanying regulatory elemente) enceding the subject chimeric GapcC
plasmin-binding proteins can be administered directly to a subject
for in vivo translation thereof Alternatively, gene transfer can be
accomplished by transfecting the subject's cells or tissues ex vivo
and [REINTRODUCING] the transformed material into the host DNA can
be directly introduced into the host organism, i e , by injection
{see Internaticnal Publication No W0/90/11092, and Wolf et al
{1990) Bcience [247] 1465-1468) Liposome-mediated gene transfer
can also be accomplished ueing known methods See, e. g , [HAZINSLD]
et al (1991) Aam (7]

[RESPIR ] Cell Mol Biol 4 206-209, Brigham et al (1989) Am (J
MED SCI ] 298 [278-281 ,] Canonico et al (1991) Clin Res 339
219A, [AND NABEL] et al (1990) Bcience 249 [1285-1288 ]

Targeting agents, such as antibodies directed againat surface
antigens expressed on specific cell types, can be covalently
conjugated to the liposomal surface so that the nucleic acid can be
delivered to specific tissues and cells susceptible to infectiomn
Diagnostic Assays As explained above, the chimeric 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 & dysgalactiae, in a biological sample
in order to determine the presence of streptococcus infection For
example, the presence of antibodies reactaive with chimeric GapC
plasmin-binding proteins can be detected using standard
electrophoretic and immunodiagnostic techniques, including
immunoassayes such as competition, direct reaction, or sandwich type
assays Such assays include, but are not limited to, Western blots,
agglutination tests, enzyme-labeled and mediated immuncassays, such
as [BLISAS] , biotin/avidin type assays, radioimmuncassays,
[IMMUNOELECTROPHORESIS] , {IMMUNOPRECIPITATION,] etc The reactions
generally include revealing labels such as fluorescent,
chemiluminescent, radiocactive, enzymatic labels or dye molecules, or
other methods for detecting the formation of a complex between the
antigen and the antibody or antibodies 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 6olid supports which can be
used in the practice of the invention include subatrates 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 i1se first reacted with a solid phase
component (¢ g , one or more chimeric GapC plasmin-binding
proteins) under suitable binding conditione such that the component
is sufficiently immobilized to the support Sometimes,
immcbilization of the antigen to the support 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 albumins including bovine serum
albumin (BSA), keyhole limpet hemocyanin, immunoglobulin molecules,
thyroglobulin, ovalbumin, and other proteins well known to those
gkilled 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 Buch 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

Bioconjugate Chem (1992) 3 2-13, Hashida et al , [J , APPL
BIOCHEM ] (1984) 6 [56-63] , and [ANJANEYULU] and Staros,
[INTERNATIONAL R 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 is then contacted with a
bioclogical sample suspected of containing ligand moieties (e g ,
antibodies toward the immobilized antigens) under suitable binding



conditions After washing to remove any ncn-bound ligand, a
secondary binder moiety 1s added under suitable binding conditionms,
wherein the secondary bander is capable of assoclating 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 chimeric GapC plasmin-binding
protein A biological sample containing or suspected of containing
[ANTI-CHIMERIC] GapC plasmin-binding protein immunoglobulin
molecules is then added to the coated wells After a period of
incubation sufficient to allow antibody bainding to the immobilized
antigen, the plate (s) can be washed to remove unbound moieties 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

Thus, in one particular embodiment, the presence of bound
anti-chimeric GapC plasmin- binding antigen ligande from a
biological pample 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 cornjugated to a detectable enzyme
label, such as horseradish peroxidsse, alkaline phosphatase or
urease, using methods known to those of skill in the art An
appropriate enzyme substrate i1s then used to generate a detectable
signal 1In other related embodiments, competitive-type ELISA
techniques can be practiced using methods known to those skilled in
the art

Assays can also be conducted i1n sclution, such that the chimeric
GapC plapmin-binding proteins and antibodies specific for those
proteing form complexes under precipitating conditions 1In one
particular embodiment, chimeric GapC plasmin-binding proteins can be
attached to a solld 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 binding conditions with a biological sample
suspected of containing antibodies for the chimeric GapC
plasmin-binding proteins Croses-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] centrifugation The reaction mixture 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 described above

In yet & further embodiment, an immunoaffinity matrix can be
provided, wherein a polyclonal population of antibodies from a
biological mample suspected of containing anti- chimeric GapC
plasmin-binding molecules 158 immobilized to a substrate In this
regard, an initial affinity purification of the sample can be
carried out using immobilized antigens The resultant sample
preparation will thus only contain anti-streptococcus moieties,
avolding potential nonspecific binding properties in the affinity
support A number of methods of immobilizing immunoglobulins {(either
intact or in specific fragments) at high yield and good retention of
antigen bainding activity are [KNOWN] in the art Not being limited
by any particular method, immobilized protein A or protein G can be
used to immobilize immunoglobulins

Accordingly, once the immunoglobulin molecules have been immobilized
to provide an [IMMUNOAFFINITY] matrix, labeled chimeric GapC
plasmin-binding proteins are contacted with the bound antibodies
under puitable binding conditions After any non-specifically bound
antigen has been washed from the i1mmuncaffinity support, the
presence of bound antigen can be determined by assaying for label
using methode known in the art

Additionally, antibodies raised to the chimeric GapC plasmin-binding
proteins, rather than the chimeric GapC plasmin-binding proteins
themselves, can be used in the above- described assays 1in order to
detect the presence of antibodies to the proteins in a given sample

These aspays are performed essentially as described above and are
well known to those of skill in the art

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

Deposits 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,
Manassas, Virginia, under the provisions of the Budapest Treaty The
accession number indicated was assigned after successful viabilaty
testing, and the requisite fees were paid The designated deposits
will be maintained for a period of tharty (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 1nadvertently destroyed, or, in the case of plasmid-containing
gtraine, lose its plasmid, it will be replaced with a viable culture
(s) of the same taxonomic description

S8hould there be a discrepancy between the sequence presented in the
present application and the sequence of the gene of interest in the
depopited plasmid due to routine sequencing errorp, the sequence in
the deposited plasmid controls

Bacterial Strain Plasmid Deposit Date ATCC No

XLI Blue MRF pPolyGap [L] May 31,2000 PTA-1581 XLI Blue MRF
pPolyGap 2 May 31,2000 PTA-1974 XLI Blue MRF pPolyGap 3 May
31,2000 PTA-1979% XLI Blue MRF pPolyGap 4 May 31,2000 PTA-1980 [XLI
BLUE MRF] polygap4 May 31,2000 PTA-1978 Below are examples of
specific embodiments for carrying out the present invention The
examples are offered for illustrative purposes only, and are not
intended to limit the scope of the present invention in any way

C Experimental EXAMPLE 1 Preparation of Chromosomal DNA A clinical
8 dysgalactiae isolate from a case of bovine mastitis (ATCC
Accesgion 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, Mississauga, 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 [§ ] dysgalactiae grown in 100 ml
of THB-YE supplemented with 20 mM glycine for approximately & hours,
until an [A600 OF] 0 8 to 1 0 was reached Cells were harvested and
re-suspended in 50 mM EDTA, 50 mM [TRIS-HCI,] 0 5% Tween-20 (Sigma,
5t Louis, MO) and supplemented with RNase A (200 mg/ml), proteinase
K (20 mg/ml), lysozyme (100 mg/ml) and mutanolysin {100 [MG/ML) ]
(all enzymes purchased from SIGMA, St ILouis, MO} Following
bacterial lysies for 30 minutes at 37° C with vigorous shaking,
guanidine hydrochloride and [TWEEN-2&COMMAT,, ] pH 5 5, were mixed
with the lysate to give a final cencentration of 0 B M and 5%,
respectively This mixture was incubated at [50¢ C] for 30 minutes
The chromosomal DNA was then purified using a Qliagen [GENOMIC-TIP]
100g (Qiagen, Santa Clarita, California) and precipitated using 0 7
volumes of isopropanol The resulting pellet was washed in [70%]
ethanol and re-suspended in 0 5 ml 10 mM [TRIS-HCI,] pH [8 ] &
Chromosomal DNMA from [5 ] [AGALACTIAE, 8 UBERIS AND, 5§ PARAUBERIS]
was 1solated epsentially as described above, from strains designated
ATCC 27541,9927, and 13386, respectively Chromosomal DNA from [8 )
{INIAE] was also isclated as above from a strain designated 5117
obtained from Mount Sinai Hospital, University of Toronto, Canada.
EXAMPLE 2 Amplification and [CLONING OF APC GENES FROM S
DVBGALACTIAE, 8 UBERIS, 8 PARAUBERIS,] [8 ] agalactie and [§ ]
[INIAE ]

The polynucleotide pequences encoding GapC from 8§ dysgalactiae,

(8 1 uberis, § parauberis, [S8 ] agalactiae and 8 [IIZIAE] were
anitially isolated from chromosomal DNA by PCR amplification The
primers used to PCR-amplify the [GAPC] genes from all [SPECIES WERE
GAPCL] (SEQ I NO 1) and gapCl r (S5EQ ID NO 2), shown in Table 1
In the table, underlining denotes nucleotides added to the original
sequencea {1 e , nucleotides added to the 5'end of the oriqinal
sense strand sequence and to the 3'end of the origqinal anti-senae
strand sequence, respectively, of the gapC coding region being
amplified), and belding indicates the location of restriction
endonuclease recognition seites

PCR was carried out using Vent DNA polymerase (New England Biolabs,
Mississauga, ON, Canada) A reaction mixture containing 0 2 u g
ofgenomic DNA, [1PM] of each of the preceding primers, 100 pM each
[OF DATP, DTTP, DCTP] and [DGTP,] 1OmM Tris HCL, pPH9, [1 ] 5mM
MgCl2, 50mM HCL, 1 5 units Tag DNA polymerase [(PHARMACIA,] Quebec,



Capada) was incubated for 40 amplification cycles of 40 seconds at
94°C, 40 peconds at 55°C, and 1 minute, 20 seconds at 72°C, and then
for a single cycle of 10 minutes at 72°C
The resulting PCR reaction products were then digested with [NDEI]
and [BAMEI ] In the case of [THE S DYSGALACTIAE GAPC PRODUCT,] the
fragment was cloned directly inte the same sites of [PET15B]
(Novagen, Madison, Wisconsein) after the plasmid was digested with
the pame enzymes
The resulting construct was denominated [PET15BGAPC ] In the case of
the 8 agalactiae, 5 uberis, 8 [PARAUBERIS] and 8 [IRAIAE]
sequences, each was first cloned into pPCR-Script using the cloning
protocol described in the PCR-Script Amp Cloning Kit (Stratagene, La
Jolla, California), subsequently excised using Ndel and BamHI, and
finally re-cloned into the corresponding sites of pETiSb using
conventional cloning protocols {(see ¢ g , Sambrook et al , supra)
The plasmids contalning the 8 agalactiae, 8 uberis, [8]
[PARAUBERIS AND 8§ INIAE] sequences were designated [PMF521C-INV,
PMF521A-INV, PMF521D-INV,] and [PMF521 E-INV,] respectively
Table 1 8Sequence Identification Numbers and Corresponding
Nucleotide and Amino Acid Sequences SEQ ID Name Nucleotide Sequence
(5'to 3') NO gapCl GG CGE CGG CAT ATG GTA UTT AAA GTT GQT ATT AAC
GG gapClr GC GGA TCC TTA TIT AGC GAT TTT TGC AAA GTA CTC Gap-1 AAAR
AAA GGA TCC GGT ATA GTA GTT AAA GTIT GG Gap-2 AAA AARA CCA TGG@ TTA CTC
T

GAG TGC TTC CAG AAC GAT TTC Gap-3 AAA ARA CTC GAG GOGT ACT GTA GAA
GTT AAA @ Gap-4 AAA ARA CCA TGG TTA ATC GAT TTC AAG AAC GAT TTIC AAC
ACC GTC Gap-5 AAA ARA ATC GAT GGT ACT OTT GAR GTT AAAR GAA G Gap-6
AAA ARA CCA TGG TTA ACT AGT TGC TTC AAG AAC GAT TTC TAC GCC Gap-7
AAA AAAR ACT AGQT TTC TIT GCT AAA AAA GAA GCT GC Gap-8 AAA AAA CCA TGQ

CTA TTA TTT AGC GAT TTT TGC AAA ATA CTC Streptococcus dysgalactiae
gap C gene (see Figure 1) Sh eptococcus dysgalactiae GapC protein
Streptococcus agalactie gapC gene (see Figure 2) Streptococcus
agalactiae GapC protein Bh eptococcus uberis gapC gene (see Figure
3) 8treptococcus uberis GapC protein Btreptococcus parauberis gapC
gene {pee Figure 4) Stneptococcus parauberis GapC protein
Streptococcus iralae gapC gene (gee Figure 5) Sh eptococcus inlae
(see Figure 5) GapC protein Gap4 chimeric gapC gene (see Figure 6)
Gap4 chimeric GapC protein EXAMPLE 3 Sequencing of gapC genes The
genes isolated and cloned in the preceding examples were sequenced
using fluorescence tag terminators on an ABI 373 DNA automatic
sequencer (Applied Biosystems, Emeryville, Califormia) at the Plant
Blotechnoleoqy Institute [(PBI,] Saskatoon, Saskatchewan, Canada)

The nucleotide sequences so determined, and the corresponding amino
acid sequences deduced therefrom, are shown in Figures 1 through 5
EXAMPLE 4 Construction of a Chimeric [GAPC] Gene A chimeric [GAPC]
gene composed of sequences from B dysgalactiae, 8 parauberis, and
8 [AGALACTIAR] was constructed in a three-step process using
pAAS55, a standard tac-inducible expression plasmid derived from the
plasmid pGH432 that contains the signal sequence from the [E COL
07HMPF] gene

The partial [GAPC] gene sequences used to conatruct the chimeric
gene were prepared by PCR amplification of selected polynucleotide
sequences from the genomic gapC genes lsolated above, using the
primers [GAP-1] through Gap-8 The primer sequences are depicted in
Table 1

After assembly, the chimeric gene, sans the [07NPF] signal sequence,
wag then exciged from pAAS56 and inserted into the plasmid pARASS5, a
PGH432 derivative that is a standard tac-inducible expression
plasmid containing the signal sequence from the E coll ompF gene

[A ] Construction of pPolyGap [L] In the firat step, the firast 286
bapes of the § dysgalactliae [GAPC] gene were PCR amplified using
the primers [GAP-1] and Gap-2

PCR amplification was carried out as follows 1 6 [U G] of template
DNA was combined in a reactlon mixture containing 20 pM each of
primer [GAP-1] (8EQ ID RO 1) and Gap-2 {(5EQ ID NO 2), 200 [, MI]
each [OF DATP, DCTP, DGTP] and [DTTP,] 2 5mM MgBO4, PCR Buffer (10
mM [TRIS-HCL,] pH 8 3,50 mM [KC1),] and 1 unit Tag DNA polymerase

[ (PHARMACIA,] Quebec, Canada)

The mix was amplified for 1 cycle of 1 minute at [95°C,] then for 29
cycles of 1 minute at [95°C,] 1 minute at 55°C, and [30] seconds at
[72°C,] and finally for 1 cycle of 10 minutes at 4°C

The amplification product was then digested with [BAMHT] and Ncol
and inserted into the same sites [OF AN PAR556] vector The
resulting plasmid construct, designated pPolyGap I[L,] is
illustrated in Figure [21 ]

B Construction [OF PPOLYGAP ] 2 A PCR product representing bases
170-285 of the 8 [PARAUBERIS] [GAPC] gene was then obtained using
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the primers Gap-3 (SEQ ID NO [5)] and Gap-4 (B5EQ ID KO 6) Thim
product codes for an amino acid sequence identical to the
corresponding amino acid sequence found in the [S ] uberis [GAPC]
gene PCR amplification was carried out essentially as above, except
ueing 2 pug of template DNA

The 8 parauberis PCR product and the pPolyGaplplasmid were both
digested with [XHOL] and Ncol, and the PCR product was ligated into
the corresponding sites in the vector

Thia conatruct, called pPolyGap 2, 18 1llustrated in Figure 22

C Construction [OF PPOLYGAP ] 3 Nucleotides [166-288] of the S
agalactie [GAPC] gene were amplified using PCR primers Gap-5 (SEQ ID
NO 7) and Gap-6 (SEQ ID NO 8) as 1n Example 4B above

The PCR product obtained was digested with [CLAI] and [NCOI,] then
inserted into the same sites of pPolyGap2 immediately downstream of
the 8 parauberis sequence pPolyGap3 is diagramed in Figure 23

[D 1 Construction [OF PPOLYGAP ] 4 The final step in constructing
the chimeric gene involved the insertion of the remaining [8 ]
dysgalactiae [GAPC] sequence (nucleotides 295-1011) i1n-frame and
immediately downstream of the 8 agalactiae seguence

The [$ ] dysgalactliae sequence was first PCR amplified using the
primers Gap-7 (SEQ ID NO 9) and Gap-8 (3EQ ID NO 10) as in
Example 4A above The amplification product was then digested wath
the enzywe [GARNHI/NCOI,] a8 wae the pPolyGap 3 vector, and the
fragment was then ligated into the corresponding vector sltes

Thie final step resulted in the plasmid pPolyGap 4 contalning the
complete gapC chimeric gene construct comprising an § dysgalactiae
[GAPC] backbone with unique sequences from [8 PARAUBE7IS AS WELL AS
8 AGALACTIAE ] See Figure 24

E Cloning of the Chimeric [GAPC] Gene into [PAAS5] Construction
of PolyGap 4 The chimeric [GAPC] gene constructed in the preceding
steps was excised from [PARS56] by digestion with BamHl and Ncol and
inserted into the plasmid [PAA555] digested with the same enzymes
pAAS55 is identical to pAAS56 except that the former plasmid
containa the LipoF signal sequence, and provides for the addition of
4 cysteine at the amino terminal end of the mature GapC protein The
N-terminal cysteine was added to insure the chimeric protein's
efficient secretion of from the cell and binding to the membrane via
the lipid-moiety The coding sequence of the PolyGap4 plasmad
construct is shown in Figure 25

EXAMPLE 5 Expression and Isolation of the Chimeric GapC protein
Polytiap4 is used to [TRANSFORM E COLI J5] in the presence of
polyethlene glycel (Rurien and Scofield (1995) [BIOTEC} NIQUESLS)
1023-1026)

The traneformed cells carrying pPolyGap4 are grown to logarithmic
phase in LB media at [37°C] with shaking Expression of the chimeraic
GapC protein 1s then induced by adding IPTG to a final concentration
of [1MM] and incubating the cells at [37°C] for an additional 4
hours

The chimeric GapC protein is then extracted from the cell surface by
differential solubilization The celles are collected by
centrifugation and re-suspended in a volume of resuspension buffer
(0 85% NaCl solution containing 0 6% sarlcosyl) equal to [1/I0TH]
the original culture volume The suspension 1s incubated at room
temperature for 30 minutes with gentle shaking The cells are
collected by centrifuation and the supernatant containing the
chimeric GapC protein is passed through a 0 2, um membrane filter
Aliquots of the sterile gsupernatant are analyzed by SDE-PAGE and
Western blots using a rabbit anti-GapC polyclonal antibody

EXAMPLE 6 Immunization of Animals with the Chimeric GapC protein
Vaccaines were formulated in such a fashion that they contained [100,
U3/ML] of purified chimeric GapC protein in the oll-based adjuvant
VBA3 (VIDO, [SASKATOON,] Saskatchewan, Canada) VBA3 1p a
combination [OF EMULSIGEN PLUS] (MVP Laboratories, Ralston,
Nebraska) and dimethyldioctadecyl ammonium bromide [ (KODAK, ]
Rochester, New York)

Non-lactating Holstein cows with no history of 8 dysgalactiae
infection are obtained

Two weeks prior to vaccination, all animals are treated with 300 mg
of Cephapirin per quarter [(CEPHA-DRY,] Ayerst Laboratories,
Montreal, Canada), in order to resolve any pre-existing udder
infection prior to the vaccination step

Groups of experimental animals are immunized [SUBCUTANEOUSLY] with
two doses of vacecines containing the chimeric GapC protein or a
Placebo with a three-week interval between immunizations Ten days
to two weeks following the second immunization, animale are exposed
to 500-1,000 colony forming units of 8 dysgalactiae delivered into



three quarters with an udder infusion cannula The fourth quarter on
each animal serves as an un-infective control

All animals are exaruned dally for clinical signs of dlsease and
samples from all udder quarters are collected on each day Samples
are observed for consistency and antibody titre, somatic cell
counts, and bacterial numbers are determined

EXAMPLE 7 Determination of Ant GapC-specific antibodies in bovine
serum are measured using an enzyme-linked rmmunosorbent assay
{ELIBA) Briefly, microtitre plates (NUNC, Naperville, Illinois) are
coated by adding 0 1 microgram per well purified chimeric protein in
50mM sodium carbonate buffer, pH 9 6, incubated overnight at [4° C ]
The liquid is removed and the wells are blocked with 3% bovine serum
albumin for 1 hr at [37° C ] Serial dilutions of bovine serum (from
1 4 tol 64,000) are added to the wells and incubated for 2 hours
at room temperature The wells are aspirated, washed and incubated
with [100,] [MI] of alkaline phosphatase-conjugated goat anti-
bovine IgG {(Xirkgaard & Perry Laboratories Inc , Gaithersburg,
Maryland) for 1 hr at room temperature The wells are washed again,
and [100,] [MI] of p-nitrophenol phosphate (8igma, St

Louis, Mimsourl) is added as a substrate to detect alkaline
phosphatase activity The absorbance at 405 nanometers 1s recorded
following 1 hr incubation with the substrate at room temperature
EXAMPLE [8] Bacterial Colonization Bacteria are enumerated by
spreading serial diluticns [(10&APOS,TO 10-&APOS,)] directly onto
TSA sheep blood agar plates followed by overnight incubation at
[37°C,] 5% [CO2 ] Colonization is defined as >500 cfu/ml of the
challenge organism recovered

To confirm that the bacterila recovered from milk secretions are S
dysgalactiae, selected colonies recovered from each animal are
tested using an API [STREP-20] test [(BIOMERIEUX] SA, Hazelwood,
Missouri) according to the manufacturer's ilnstructions This test
1dentifles 8treptococcus species according to an analytical profile
compiled on the basies of enzymatic activity and sugar fermentation,
using either an analytical profile index or ldentification software

The relationship between anti-@GapC titer and bacterial colonization
19 also determined

EXAMPLE 9 Determination of inflammatory response Inflammatory
reaponse 18 measured as a function of mammary gland somatic cell
count 1 e , lymphocytes, neutrophils, and monocytes) Somatic cell
counts are measured using standard techniques recommended by
Agriculture and AgriFood Canada [(IDF50B] (1985) Milk and Milk
Products--Methods of Sampling in a Coulter counter) Samples are
read within [48] hours of collection and fixation, at days 1 through
7 post challenge

The numbers of somatic cells present in the gland are determined on
each day post challenge

thenkvknvvidd Although preferred embodiments of the subject invention
have been described in some detail, 1t is understood that obvious
variations can be made without departing from the spirit and the
scope of the invention as defined by the appended claims

Description Claima

SDOCL LA="EN"»

CLATMB What is claimed is 1 A multiple epltope fusion polypeptide
comprising the general structural formula [(I)] (A)x--(B)y--{C)z
(I) wherein (I) is a linear amino acid sequence, B comprises an
amino acid eequence containing at least five amino acids which amino
aclds correspond to an antigenic determinant of a GapC protein, A
and C each comprise an amino acid sequence that ip (1) different
from B, (i1i1) different from the other, and (111) an amino acad
gequence containing at least five amino acids, which amino acad
sequence corresponds to an antigenic determinant of a GapC protein
wherein said antigenic determinant is not adjacent to B in nature, y
ia an integer of 1 or [MORE ,] and x and z are each independently
integers wherein x + z is 1 or more

2 The multiple epitope fusion polypeptide of claim 1, further
comprising a signal sequence 3 The multiple epitope fusion
polypeptide of claim 1, further comprising a transmembrane sequence

4 The multiple epitope fusion polypeptide of claim 1, wherein A, B,
and/or C are linked by one or wmore spacer sequences, wherein said
spacers (i) are amino acid sequences of from 1 to 1,000 amino acids,
inclusive, (ii) can be the same or different as A, B, or C, and



(11i) can be the same or different as each other

5 The multiple epitope fusion polypeptide of claim 1, wherein A, B,
and ¢ each comprise epitopes from one or more species of bacteria

6 The multiple epitope fusion polypeptide of claim 5, wherein A, B,
and C each comprise epitopes from one or more bacterial species of
the genua Streptococcus

7 The multiple epitope fusion polypeptide of claim 6, wherein A, B,
and C each comprise epitopes from one or more bacterial species
gelected from the group consisting of Btreptococcus dysgalactiae,
Streptococcus agalactiae, Streptococcus uberis, Streptococcus
parauberis, and [STREPTOCOCCUS INIAE ]

8 The multiple epatope fusion polypeptide of claim 7, wherein A, B,
and C each comprise amino acid sequences selected from the group
consisting of (a}) the amino acid sequences shown at about amino acid
positions 61 te [8l,] inclusive, of Figures 1 through 5, or any
amino acid sequence having at least about 80% identity thereto, (b)
the amino acid sequences shown at about amino acid positions 102 to
112, inclusive, of Figures 1 through 5, or any amino acid sequence
having at least about 80% identity thereto, (e¢) the amino acid
sequences shown at about amino acid positions 165 to 172, inclusive,
of Figures 1 through 5, or any amino acid sequence having at least
about [80%] identity thereto, {(d) the amino acid sequences shown at
about amino acid positions {248] to 271, inclusive, of Figures
through 5, or any amino acid sequence having at least about 80%
1dentity thereto, and (e) the amino acid sequences shown at about
amino acid positions 286 to 305, inclusive, of Figures 1 through 5,
or any amino acid sequence having at least about 80% identity
thereto

9 The multiple epitope fusion polypeptide of claim 8, comprising
the amino acid sequence depicted in Figure 6 (SEQ ID NO 22)

10 A polynucleotide sequence encoding a multiple epitope fusion
pelypeptide sequence of any of claims 1-9, or compliments thereof
11 A recombinant vector comprising (a) the isolated polynucleotide
of claim 10, and (b) at least one control element operably linked to
sald isolated polynucleotide, whereby said coding sequence can be
transcribed and translated in a host cell

12 A host cell comprising the recombinant vector of claim [11 ]

13 A method for producing a multiple epitope fusion polypeptide,
sald method comprising culturing the cells of claim 12 under
conditions for producing said polypeptide

14 A vaccine composition comprising a pharmaceutically acceptable
vehiele and a multiple epitope fusion polypeptide according to any
of claims 1-9

15 The vaccine composition of claim 14, further comprising an
adjuvant

16 A method of producing a vaccine composition comprising the steps
of (1) providing a multiple epitope fusion polypeptide according to
any of claims 1-9, and (2) combining sald polypeptide with a
pharmaceutically acceptable vehicle

17 Antibodies directed against a multiple epitope fusion
polypeptide according to any of claims [1-9 ]

18 The antibodies of claim 17, wherein sald antibodies are
polyclonal

19 The antibodies of claim 17, wherein said antibodies are
monoclonal

20 An immunodiagnostic test kit for detecting Streptococcus
infection, said test kit comprising a multiple epitope fusion
polypeptide according to any of claims 1-9, and instructions for
conducting the immunodiagnostic test

21 Use of a multiple epitope fuslon polypeptide according to any of
claims 1-9 for the manufacture of a vaccine composition useful for
treating or preventing a bacterial infection in a vertebrate
subject

22 The use of claim 21, wherein said bacterial infection is a
streptococcal infection

23 The use of claim 21, wherein said bacterial infection cauvses
mastitis

24 TUse of a polynucleotide according to cleim 10 for the
manufacture of a medicament useful for treating or preventing a
bacterial infection in a vertebrate subject

25 The use of claim 24, wherein maid bacterial infection 18 a
streptococcal infection

26 The use of claim 24, wherein said bacterial infection causes
mastitie

27 A method of treating or preventing a bacterial infection ain a
vertebrate subject comprising administering to said subject a



therapeutically effective amount of a vaccine composition according
to either of claims 14 or 15

28 The method of claim 27, wherein said bacterial infection is a
streptococcal infection

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

30 A method of treating or preventing a bacterial 1lnfection in a
vertebrate subject comprising administering to said subject a
therapeutically effective amount of a polynucleotide according to
¢laim 10

31 The method of claim 30, wherein said bacterial infection is a
streptococcal infection

32 The method of claim 30, wherein said bacterial infection causes
mastitis

33 A method of detecting Streptococcus antibodies in a biological
sample, comprasing (a) reacting said biolegical sample with a
multiple epitope fusion polypeptide under conditions which allow
sald Btreptococcus antibodies, when present in the biological
gample, to bind to sald sequence to form an [ANTIBODY/ANTIGEN]
complex, and (b) detecting the presence or absence of sald complex,
and thereby detecting the presence or absence of Streptococcus
antibodies i1n sald sample

34 A method of detecting Streptococcus antibodies in a biological
gample, comprasing (a) reacting said biological sample with a
multiple epitope fusiocn polypeptide according to any of claims 1-9,
under conditicns which allow said Streptococcus antibodies, when
present in the bioclogical sample, to bind to sald sequence to form
an [ANTIBODY/ANTIQEN] complex, and (b) detecting the presence or
absence of said complex, and thereby detecting the presence or
absence of Streptococcus antibodies in sald sample

Description Claims
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Techmical Freld

The present invention relates generally to bacterial antigens and genes encoding the
ssme More partcularly, the present invention pertams to the construction of a chimenic
plasmm bindmg protemn gene compnsmg the enhire S. dysgalactiae gapC coding sequence as
well as codmg sequences for uniqus regions from several Strepfococcus bactenas species, and
the use of the seme in vaccine composrthons

Backeround

Mastitis, an mfechon of the mammary gland usually caused by bacteria or fimgus,
results m major economc losses to the dary industry yearly Among the bactenal species
most commonly associated with mastitis are vanous species of the genus Streptococcus,
mcluding S. aureus, S ubers, (untypeable), S. agalactie (Lancefield group B), §
dysgalactiae (Lancefield group C), §. zooepidemicus, and the Lancefield groups D, G., L and
N streptococct  Some of those species are contagions (e g S. agalactiae), while others are
considered environmental pathogens (e g § dysgalactine and S uberis) The environmental
pathogen S zberts 15 responsible for about 20% of all clmical cages of mastiths (Bramley,
AJ and Dodd, FH. (1984) J Dairy Res. 51 481-512, Bramley, AJ (1987) Amimal Heualth
Nutritton 42, 12-16, Watts, T L. (1988) J Dawy Scr. 71 1616-1624), it 1s the predommant
orgenism 1solated from mammary glands duning the non-lactating period (Bramley, A.J
(1984) Br Vet J 140 328-335, Bramley and Dodd (1984) J Dairy Res 31 481-512, Olver,
S.P (1988) Am.J Vet Res 49-1789-1793)

Mastihs resultmg from mfechon with S wberts 18 commonly subchmical,
charactenzed by apparently normal milk with an mcrease m somatic cell counts due to the
mflux of leukocytes The chenucal composttion of nulk 1s changed dne to suppression of
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secretion wrth the transfer of sodium chlonde and bicarbonate from blood to milk, causmg a
shift of pH to a more alkahne level. S uberis mastihis may also take the form of an acute
climeal condition, with obvious signs of disease such as clots or discoloration of the milk
and swelling or hardness of the mammary gland. Somse cases of the chmical disease can be
severe and pyrexia may be present. For a review of the chimcal mamfestations of S. uberis
mastitis, see, Bramley (1991) Mastihs physiology or pathology. p 3-9 In C. Burvemich, G.
Vandeputte-van Messom, end A. W, Hill (ed.), New insights into the pathogenesis of
mastitzs Rijksuniversitert Gent, Belgium, and Schaim et al (1971) The mastits complex-A
boef summeary p 1-3 In Bovine Mastitis. Lea & Febiger, Philadelphia

Conventional antibactertal control methods such as teat dippmg and antibiotic
therspy are effective in the control of many types of contagious mastihs, but the
environmental organisms typically found 1n all darry bams are often resistant to such
measures. Vaccmation 18 therefore an atiractive sirategy to prevent mfections of the
mammary glands, end has been shown to be beneficsl m the case of some cantagious
masghtis pathogens.

The hiterature is imrted regarding vaccinstion studies with §. dysgalactiae and S.
uberis, and vaneble results have been observed. In some cases, mmmumzation has resulted m
mcreased sensihwity to the specific organism and m other cases stramn-specific protection has
been obtamed.

For example, previous studies have shown that prmary infection with §. uberzs can
considerably reduce the rate of infection following a second challenge with the same strain
(Hall, AW (1988) Res Vet Sci. 44-386-387) Local vaccination with killed §. uberis
protects the bovme mammary gland against intramammary challenge with the homologous
strein (Finch et al. (1994) Infect. Inmum. §2:3599-3603) Similarly, subcutaneous
vaccmahon with hve § uberis has been shown to canse a dramahc modification of the
pathogenesis of mastitis wath the sgme strain (Hill et al. (1994) FEMS Immunol Med.
Microbiol 8 109-118). Ammals vaccmated i tins way shed fewer bactena in thewr mlk and
many quarters remam free of mfiechon.

Nonetheless, vaccmation with hive or attennated bacteria can pose risks to the
recipient. Further, 1t is clear that conventional nlled vaccines sre m general largely
meffective agamst S uberws and §' agalactiae, erther due to lack of protective antigens on in
vitro-grown cells or maskmg of these antigens by molecular mmmucry
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The current lack of existing mastitis vaccines agmnst S agalactiae or the contagious
streptococcus straina 15 due 2t least 1n part to a lack of imowledge regarding the varulence
determinants end protective anhgens produced by those organisms which are mvolved m
mvaston and protection of the mammary gland (Colhns et al (1988) J Datry Res 55.25-32,
Leagh etal (1990) Res Vet Sa 49 85-87, Marshall et al. (1986)J Dawry Res 53- 507-514)

S dysgalactiae 1s known to bmd several extracellular and plasma-dentved proteins such
as fibronectin, fibrmogen, collagen, alpha-II-macroglobulm, IgG, albumm and other compounds
The orgamsm also produces hyaluromdase and fibnnolysin and 1s capable of adhering to and
mvadmg bovine mammary epithelial cells, However, the exact rles of the bacterial
components responsible for these phenotypes m pathogenesis 15 not known.

Smularly, the pathogenems of S. uberzy mfection 13 poarly understood.  Furthermore, the
mfluence of §. uberis virulence factors on host defense mechamsms end mammary gland
phymiology 18 not well defined. Known virulence factors associated with S uberis mclude a
hyaluronic acid capsule (Fill, AW (1988) Res Vet Sci. 45 400-404), hyaluromdase (Schaufiss
etal (1989) Zentralbl. Bakteriol. Ser A 271-46-53), R-like protein (Groschup, M.H. snd
Tumoney, JF (1993) Res Vet. Sa 54 124-126), and a cohemolysin, the CAMP factor, also
known as UBERIS factor (Skalka, B. and Smola, I (1981) Zentralbl Bakteriol Ser 4 249-190-
194), R-like protein, plasmnogen activator and CAMP factor However, very kitle is known of
therr roles i pathogenicity

The use of virulence determunants from Streprococcus as mmmunogenic agents has been
proposed. For example, the CAMP factor of S uberis has been shawn to protect vertebrate
subjects from mfection by that organism (Jiang, US Patent No 5,863,543)

The y antigen of the group B Streprococe stram A909 (ATCC No 27591)1sa
component of the ¢ protem marker complex, wiuch addihonally compnses an @ and B subumit
(Boyle, U S Patent No 5,721,339) Subsets of serotype Ia, II, and virtually all serotype Ib cells
of group B sirepiococcs, have been reported to express components of the ¢ protem  Use of the ¥
snbumnit as an mmmuonogemc agent agmmnst infections by Lancefield Group B Streptococcus
mfection has been proposed However, 1ts use to prevent or treat bactenal infections 1n ammals,
mcluding mashitis 1n cattle, has not been studied.
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A GapC plasmin bmding protein from a stramn of Group A, Streptococcus has previously
been 1dentified and charactenzed, and its use m thrombolytic therapies has been described
(Boyle, etal, US Patent No 5,237,050, Boyle, et al, U'S Patent No 5,328,996) However,
the use of GapC as an rmmungenic agent to treat or provent masths was nerther described nor
suggested.

The group A streptococcal M protem 18 considered to be ons of the major virnlence
factors of this orgamism by virtue of its abulity to unpede attack by humasn phagocytes
(Lancefield, R.C (1962)J Immunol. 89 307-313) The bactena persist in the infected tissue
untl antibodies are produced against the M molecule. Type-specific antibodies to the M protemn
are able to reverse the antiphsgocytic effect of the molecule and allow efficient clearancs of the
invading organism.

M protemns are ane of the key virulence factors of Streptococcus pyogenes, duse to theyr
mvolvement n mediating resistance to phagocytosis (Kehos, MLA. (1991) Vaccine 9 797-806)
and ther abiiity to mdnce potentially harmfinl host immune responses via therr superantigenicity
and therr capacity to mduce host-cross-reactive mtibody responses (Bisno, A.L. (1991) New
Engl J Med, 325-783-793; Froude et al. (1989) Curr. Top Microbiol Immunol 145-5-26,
Stollerman, GH. (1991) Clm. Immunol. Immunopathol. §], 131-142)

However, obstacles exast to using intact M protens as vaccines The protemn’s opsomic
eprtopes are extremely type-specafic, resultmg in narrow, type-specific protechon. Further,
some M proteus appesr to contam epitopes that cross react with tissues of the rmmumzed
subject, cansmg a harmful antormmune response (See e.g , Dale, J1. and Beached, G (1982)
J Exp Med 156 1165-1176, Dale, J1. and Beached, GH. (1985)J Exp. Med. 161 113-122;
Bamd, R. W, Bronze, MLS , Drabs, W., Hill, HR_, Veasey, L.G and Dale, J.L. (1991) J Immun.
146.3132-3137, Bronze, MLS and Dale, J.L. (1993) J Jmmun 151-2820-2828, Cunmingham,
MW and Russell, SM (1983) Infect. Immun. 42-531-538)

An octavalent M protein vaccine has been constructed and was tested for protective
mmumeogenzcity aganst multiple serotypes of group A streptococer mfection m rabbits
However, the 1mmune response obtained was serotype-specific, confernng protection only
agaiust those bactenal strams exhinting the M protein epitopes present 1n the chumene protem
(Dale, B, Stmmons, M. , Cluang, E C., and Chuang, E'Y (1996) Faccme 14 944-948)
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Chimenc proteins contaimng three cifferent fibronectin binding domams (FNBDs)
denved from fibronectm binding protems of S dysgalactiae and Staphylococcus aureus have
been expressed on the surface of Stapk carnosus cells. In the case of one of these protems,
intranasal immumzations with hive recombinant Staph. carnosus cells expressing the chimene
protemn on themr surface resnlted 1n an mmproved antibody response to & model :mmunogen
present within the chimenc surface protemn.

A chmenc Protem G molecule (a type III Fc bmnding protemn specific for the Fc region of
all subclasses of IgG antibody molecules) 15 known, but 1ts use as an immunogemic agent has not
been descnbed or suggested (Bjorck, et al (1992) US Patent No 5,108,894)

Untl now, the protective capabihity of GapC multiple epitope fusion protemns has not
been studied.

Summary of the Invention
Accordingly, the present mvenhon provides GapC muitiple epitope fusion protemns and
polymicleotides encoding the same In one embodiment, the inventron 15 drected to a multiple
epitope fasion polypeptide compnsing the general structural formnla (I)
@~B-0. ©
wherem
(D 18 a hnear ammno acid sequence,
B compnses an ammno acid sequence contaiming at Jeast five amino acids whuch ammo
acids correspond to an anhigemc determmant of a GapC protem,
A mnd C each compnse an armino acid sequence that 1s
() dufferent from B,
(1f) dufferent from the other, and
(i1) an amno acid sequence contammg at least five ammo acids, which ammo
ac1d sequence corresponds to an antigenic determnant of a GapC protemn wherem said
ntigemc determnent 18 not adjacent to B 1 nature,
¥ 1s an mteger of 1 or more, and
x and z are each independently itegers wherem x + z 1s 1 or more
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In certain embodiments, the multiple epriope fission polypeptide further compnses &
signal sequence and/or a transmembrane sequence Further, A, B, and/or C of the multiple
epitope fusion polypeptide may imked by one or more spacer sequences, wheremn the spacers

(1) are ammo acid sequences of from 1 to 1,000 emmo acids, mclustve,

(i) can be the same or different as A, B, or C; and

(i) can be the same or different as each other

In certam embodiments, A, B, and C each compnse epitopes from one or more species of
bactena, such as from one or more bactenal species of the genus Streptococcus, meluding but
not limmted to one or more bactenal species selected from the group consisting of Streptococcus

dysgalactice, Streptococcus agalactiae, Streptococcus ubers, Streptococcus paraubens, and

" Streptococcus mae.

In yet another embodiment, A, B, and C each compnse ammo acid sequences selected
from the group conmsting of

(2) the amuno acid sequence shown at abont amino acid positions 61 to 81, mclusive, of
Figures 1 through 5, or any amino acid sequence having at least about 80% identity thereto,

(b) the amino acid sequences shown at about amino acid posihions 102 to 112, inclumve,
of Figures 1 through 5, or any amino acid sequence having at least about 80% identuty thereto,

(c) the amino acid sequences shown at ahout amuno acid posthons 165 to 172, mclusive,
of Figures 1 through 5, or any amino acid sequence havmg at least about 80% 1dentity thereto,

(d) the amamo acid sequences shown at about emmo acid posihons 248 to 271, mnclusive,
of Figures through 5, or any amino acid sequence having at least about 80% 1dentity thereto, and

() the ammo acid sequences shown at about ammo acid positions 286 to 305, mclusive,
of Figures 1 through 5, or any ammo acid sequence having at least about 80% 1dentity thereto

In another embodmment, the muliiple epitope fasion polypeptide compnses the ammo
acid sequence depicted m Figure 6 (SEQ ID NO-22)

In yet further embodments, the mvention 1s directed to polynucleotide sequences
encodmg the mnltiple epitope fusion polypeptide sequance described above or comphiments
thereof, as well as recombmant vectors comprnismg the polynucleotde,
host cells compnsmg the recombinant vectors and methods of recombinantly producing the

polypeptides !
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In another embodiment, the mvention 18 directed to a vaccine composmtion compnsng a
pharmacautically acceptable vehicle and a multiple epitope fision polypeptide as descrzbed
above In certamn embodiments, the vaccme composihons comprnise an adjuvant

In still a further embodiment, the nvenhon 18 directed to a method of producing &
vaccine composition compnsing the steps of

(1) providing the multiple epitope fusion polypeptide, and

(2) combimmg the polypeptide with a pharmaceuhcally acceptable vehicle

In mmother embodmment, the mvention s directed to a method of treating or prevenhing 2
bactenal infection m a vertebrate subject comprising admimstering to the subjecta
thergpeutically effective amount of 2 vacce composition as described above

In certarn embodiments, the bactenal mfecton 1s a streptococeal infection. Further, the
bactenal mfechon may cause mastitis.

In yet another embodmment, the mvention 15 directed to & method of treatmg or
preventmg a bactenal mfection m a vertebrate subject compnsing administering to the subject a
therspentically effective amount of a polynucleotde as described herein.

In certamn embodiments, the bactenal infection 15 a streptococcal infection. Further, the
bactenal mfection may cause mastrhis

In further embodments, the 1mvention 15 doected to antibodies directed agamst the zbove
multiple eprtope fusion polypeptides The antibodies may be polyclonal or monoclonal

In another embodiment, the mvention 13 directed to a method of detectmg Strepiococeus
autibadies 1n a biological sample, comprising

(a) reacting smd biological sample with a multple epitope fusion polypephde under
conditions which allow said Streptococcus antibodies, when present m the biological sample, to
bmd to saud sequence to form an entibody/antigen complex, and

(b) detecting the presence or absence of sad complex, and thereby detecting the
presence or absence of Sireptococcus antibodies mn said sample

In still a further embodiment, the mmvention 18 directed to an :}mmmodiagnoshc test kt
for detectmg Streptococcus mfection. The test knt comprises a multiple epitope fustion
polypeptide as described herein and mstructions for conducting the immunodiagnostic test.
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These and other emboduments of the subject mvention will reachly occur to those of skall
i the art m view of the disclosure herein.

Brief Descnption of the Figures
Figures 1A-1B depict the 1s0lated nucleohds sequence and deduced ammo acid sequence
of the gapC gene for S. dysgalactiae (SEQ ID NO 11 and SEQ ID NO-12) In the figure, the
astensk represents a stop codon, and the underlined regions represent nucleohde sequences
complementary to the pnmers used to 1solate the genes from the bactenal chromosomes
Figures 2A-2B depict the 1solated mucleotide sequence and deduced amino acid sequence
of the gapC gene for 8. agalachiae (SEQ ID NO:13 and SEQ ID NO 14). In the figure, the
asterisk represents 4 stop codon, aud the mderimed regians represent nucleotide sequences
complementary to the prmers used to wsolate the genes from the bactenal chromosomes.
Figures 3A-3B depict the 1s0lated oucleotide sequence and deduced ammo acid sequence
of the gapC gene for . uberis (SEQ ID NO 15) and SEQ ID NO 16). In the figure, the astensk
represents a stop codon, and the underhned regions represent nucleotide sequences
complementary to the pnmers used to isolate the genes from the bacterial chromosomes.
Figures 4A-4B depict the 1s0lated nucleotide sequence and deduced ammo acid sequence
of the gapC gene for ' parauberws (SEQ ID NO.17 and SEQ ID NO:18) In the figure, the
astensk represents a stop codon, and the underlined regions represent nucleotide sequences
complementary to the primers used to wsolate the genes from the bactenal chromosomes.
Figures 5A-SB depict the uolated nucleotide sequence and deduced amno acid sequence
of the gapC gene for S miae (SEQ ID NO 19 and SEQ ID NO 20) In the figure, the astenisk
represents a stop codon, and the underbmed regions represent nucleotide sequences
complementary to the pnmers used to 1solate the genes from the bacterial chromosomes
Figure 6 depicts the mucleohide sequence (SEQ ID NO 21) and deduced amino acad
sequence (SEQ ID NO 22) of the GapC multiple epitope fusion protein of the present mventon.
Figures 7A-TE show e DNA ahgnment cheart created by PileUp and displayed by Pretty
software (a component of the GCG Wisconsm Package, version 10, provided by the SeqWeb
sequence analyzis package, version 1 1, of the Canadian Biomformatics Resource) The figure
depicts the 1solated nucleotide sequences of the gupC genes from § dysgalactae (DysGapC,
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Check 9344) (SEQ ID NO 11), S agalactiae (AgalGapC Check 2895) (SEQIDNO 13), §
ubers (UberGapC, Check 5966) (SEQ ID NO 15), S parauberis (PUberGapC, Check 9672)
(SEQID NO 17), and S. imae (ImaeGapC, Check 990) (SEQ ID NO 19) The previously
known sequences of § equisimulis (SeqGapC, Check 5841 ), §. pyogenes (SpyGapC, Check
4037), and a bovine GAPDH protem (BovGapC, check 5059) are also mcluded. The length and
weight parameters were the same for all sequences (1018 and 1 00, respechvely) The
parameters used m the DNA sequence companson were as follows Plurahity—2 00, Threshold—
1, AveWeight—1 00; AveMatch—1 00, AvMisMatch—0 00, Symbol comparison table—
pileupdoa cmp; CompCheck—6876, GepWeight—5, GapLengthWeight—1, PileUp MSF—1018,
Type—N, Check-3804 In the figure, dashes represent identical nucleotides, dots represent gaps
miroduced by the software used to penerate the ahgoment chart, and tildes represent regions not
mclhuded m the overall ahgnment due to differences i the length of the gene sequences

Figures 8A-8C show an ammo acid sequence ahgoment chart created by PileUp and
displayed by Pretty (as above) that depicts the alignment of PolyGap4 (SEQ ID NO 22), the
multiple epitope fusion polypeptude of the present mvention, with the deduced ammo acid
sequences of the natrve GapC protems 1soleted from S dysgalactiae (DysGapC, Check 6731)
(SEQ ID NO 12), 8. agalactiae (AgalGapC, Check 1229) (SEQ ID NO 14), § uberis
(UberGapC, Check 8229) (SEQ ID NO 16), S. paraubens (PUberGapC, Check 8889) (SEQ ID
NO-18), and S ruae (TmaeGapC, check 8785) (SEQ ID NO20) The previously known
sequences of S equustmulis (SeqGapC, Check 8252), S pyogenes (SpyGapC, Check 6626) and 2
bovine GAPDH protemn (BovGapC, Check 8479) are also mcluded. In the figure, dashes
represent 1deptical ammo acid residues, dots represent gaps miroduced by the PileUp sofiware,
and tildes represent regions not mcluded mn the overall alignment due to differences m the length
of the gene sequences.

Figure 9 shows a Kyte-Dooliitle hydropathy plot, averaged over & window of 7, an Emint
surface probability plot, a Karplus-Schulz cham flexibihity plot, a Jameson-Wolf anhigenic mdex
plot, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary structure plots for the
GapC protemn 1solated from 5 dysgal

Figure 10 shows a Kyte-Doohttle hydropathy plot, averaged over 2 window of 7, an
Ermm surface probabihty plot, a Karplus-Schulz chan flexibihity plot, a Jameson-Wolf anhgentc
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mdex plot, and both Chou-Fasman and Garmier-Osguthorpe-Robson secondary structure plots
for the GapC protein 1solated from S agal

Figure 11 shows & Kyte-Doolittle hydropathy plot, averaged over a window of 7, an
Bmim surface probability plot, a Karplus-Schulz chamn flexibility plot, 2 Jameson-Wolf antigemc
wmdex plot, ad both Chou-Fasman and Garmier-Osguthorpe-Robson secondary structure plots
for the GapC protein isolated from S uberis

Figure 12 shows a Kyte-Doolittle hydropathy plot, averaged over 2 wmdow of 7, an
Emim surface probability plot, a Karplus-Schulz cham flexibility plot, a Jameson-Wolf antigemc
mdex plot, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary structure plots
for the GapC protem isolated from S. parauberis.

Figure 13 shows a Kyte-Doolittle hydropathy plot, averaged over a wmdow of 7, an
Emm surface probability plot, 2 Kerplus-Schulz chain fleximiity plot, a Jameson-Wolf anhgenic
mdex plot, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary structure plots
for the GapC protemn 1solated from §. zuae

Figure 14 shows a Kyte-Doolittle hydropathy plot, averaged over 2 wmdow of 7, an
Emini surface probabihty plot, a Karplus-Schulz chain flexibility plot, a Jameson-Wolf antigemc
mdex plot, and both Chou-Fasman and Garmer-Osguthorpe-Robson secondary structure plots
for LipoFGAP4 (SEQ ID NO.22), the chimenc GapC protem.

Figure 15 is a diagrammatie representetion of the Chou-Fasman secondary structure plot
for the GapC protein 1solated from S. dysgal.

Figure 16 13 a diagrammatic representation of the Chou-Fasman secondary structure plot
for the GapC protein 1solated from § agal

Fagure 17 15 a duagrammatic representation of the Chou-Fasman secondary structure plot
for the GapC protein 1solated from S ubens

Figure 18 13 a chagrammanic representation of the Chou-Fasman secondary structure plot
for the GapC protem 15olated from S. parauberts

Figure 19 18 a ciagrammatic representation of the Chou-Fasman secondary structure plot
for the GapC protein 1solated from and S. imize.

Figure 20 15 a diagrammatic representation of the Chou-Fasman secondary structure plot
for LipoFGAP4 (SEQ ID NO 22), the cnmenic GapC protein.
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Figure 21 15 a diagram of plasmud pPolyGap 1

Figure 22 18 a chagram of plasmud pPolyGap 2
Figure 23 1s a diagram of plasmud pPolyGap 3.
Figure 24 15 a diagram of plasmid pPolyGap 4

Fagure 25 15 a diagram of plagmid polygap4

Detajled Descriphiop,

The practice ofthgpresentmvmnonmll employ, unless otherwise indicated,
conventional techmques of molecular biology, muicrabiology, recombinant DNA technology, and
mmmunology, which are within the skill of the art. Such techmques are explamed fully in the
hiterature See, e g, Sambrook, Fntsch & Mamehs, Molecular Clonmg A Laboratory Manual,
Vols I, II and T, Second Edition (1989); Perbal, B , 4 Practical Guade to Molecular Cloning
(1984), the senes, Methods In Enzymology (S Colowick snd N Xaplan eds , Acadenmc Press,
Inc ), and Handbook of Experimental Immunology, Vols. I-IV (DM. Werand CC Blackwell
eds., 1986, Blackwell Scientific Publications)

The following ammo acid abbreviations are used throughout the text

Alanme Ala (A) Argmme Arg (R)
Asparagme. Asn (N) Aspartic acid. Asp (D)
Cystene Cys (C) Ghutsmme Gin (Q)
Glutamic acid Glu (E) Glycne Gly (G)
Histdne His (H) Isoleucme Ile (1)
Leucme Leu (L) Lysme Lys (X)
Methionmne Met (M) Phenylalanme Phe (F)
Proline Pro (P) Senne Ser (S)
Threonme Thr (T) Tryptophan. Trp (W)
Tyrosme Tyr (Y) Vahne Val (V)
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A. Defimhions )

In describmg the present mvention, the following terms will be employed, aud are
mtended to be defimed as mdicated below

It must be noted that, as used 1n this specafication and the appended clanns, the smgular
forms "a", "an" and "the" mciude phiral referents nnless the content clearly dictates otherwise
Thns, for example, reference to "a Streptococcus GapC protem" mncludes a nuxture of two or
more such protems, and the hike

The terms "GapC protem™ and "GapC plasmin bindmg protem” (used mierchangesbly
herem) or & nucleotide sequence encodmg the same, mtends a protem or a nucleotide sequence,
respectively, which 18 dennved from a GapC gene found m a veniety of Streptococcus species,
mcludmg, without hmatation certam strams of group A streptococci (Lottenbery, R., et al,,
(1987) Infect Jmmun.55:1914-1918). The nucleotide sequence of representative Streptococcus
8ap(C genes, and the corresponding ammo acid sequence of the GapC proteins encoded by these
genes, are depicted m the Figures In particular, Figures 1 through 5 depict the 1solated
nuclectide sequences and 1solated amino acid sequences of §. dysgalachize (SEQ ID NO:11 and
SEQID NO 12, respectrvely), S. agalactiae(SEQ ID NO 13 and SEQ ID NO 14, respectively),
S uberis (SEQID NO 15 and SEQ ID NO 16, respectively), . parauberzs (SEQ ID NO-17 and
SEQ ID NO 18, respectively,), and S. inze (SEQ ID NO-19 and SEQ ID NO.20, respectively)
However, a GapC protemn as defined herem 1s not himuted to the depicted sequences as subtypes
of each of these Streptococcus species are known and vaniahons m GapC protemns will occur
between them

Representahive gapC genes, dertved from S. dysgalactiae, S. agalactiae, S ubers, and §
parauberts, are found m the plasrmds pET15bgapC, pMF521c, pMF521a, pMF321d, and
pMF521e, respectively

Furthermore, the denved protem or nucleotide sequences need not be physically denved
from the gene descnibed above, but may be generated m any marmer, imcluchng for example,

chemcal synthesis, 1solation (e g., from S dysgalactiae) or by recombmant production, based on

the mformation provaded herein. Additionsally, the term mtends protems having ammo acid
sequences substantially homologous (as defined below) to contguous amino acid sequences
encoded by the genes, which display mmmunological and/or plasmm-binaing acuwity
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Thus, the terms mtend full-length, as well &s rmmunogenic, truncated and partial
sequences, and active analogs and precursor forms of the protems  Also imacluded in the term are
mucleotide fragments of the gene that mclude at least about 8 contiguous base pairs, more
preferably at least about 10-20 contiguous base pairs, and most preferably at least about 25 to
50, or more, conhgnous base pams of the gene, or amy miegers between these values  Such
fragments are useful as probes and m diagnoshic methods, discussed more fully below

The tenms also include those forms possessing, as well as lackmg, a signal sequence, 1f
such 1s present, as well as the mucleic acid sequences coding therefore Addibionally, the term
mtegds forms of the GapC proteins which lack « membrane anchor region, and nucleic acid
sequences encodmg protemns with such deletions  Such deletions may be desirable n systems
that do not provide for secretion of the proten. Furthermore, the plasmm-bmdmg domains of
the protems, may or may not be present. Thus, for example, if the GapC plasmm-binding
protem will be nused to punfy plasmin, the plasmin-binding domain will generally be retamed  If
the protem 1s to be used i vaceme compositions, immumogenic epitopes which may or may not
mclude the plasmin-binding domain, wall be present.

The terms also mchide proteins m neutral form or m the form of basic or acid addition
salts depending on the mode of preparation. Such acid addrtion salts may mvolve free amuno
groups and basic salts may be formed with free carboxyls Pharmaceutically acceptable basic
and acad addition salts are discussed firrther below In addibon, the protems may be modified by
combination with other biological matenials such as hpids (both those occurrmg naturally with
the molecule or other ipids that do not destroy unmumological activity) and saccharides, or by
side cham modification, such as acetylation of mrmno groups, phosphorylation of hydroxyl side
chaing, oxxdation of sulfhydryl groups, glycosylation of amino acad residues, as well as other
modifications of the encoded pnmary sequence

The term therefore mtends deletions, addmonsmg.subshmuommtheseqm,so long
as the polypeptide funchons to produce an immunological response as defined herem In thus
regard, particularly preferred substitutions will generally be conservative 1n natire, 1.2 , those
substitthons that take place withm a family of amuno acids For example, amino acids are
geaerally divided mto four fatmhes (1) acidic — aspartate and glutamate, (2) bastc — lysme,
argimine, hishdne, (3) non-polar — alanme, valme, leucine, 1solsucine, prohne, phenylalanine,
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methionine, tryptophan, and (4) uncharged polar — glycmne, asparagine, glutarmne, cystine,
serms threomne, tyrosme Phenylalanme, tryptophan, and tyrosine are sometimes classified as
aramatic ammo acids. For example, 1t 18 reasonably predictable that an 1solated replacement of
leucine with 150leucme or veline, or vice versa, an aspartate with a ghitamate or vice versa, a
threomine with a serme or vice versa, or a sumlar conservahve replacement of an ammo acid
with a structurally related ammo acid, will not have a major effect on the biological activity
Proteins having substantially the same amino acid sequence as the reference molecule, but
possessmg minor amino acid substitutions that do not substantially affect the mmunogemcity
and/or plasmin-binding affimity of the protemn, are therefore withun the definihon of the reference
polypeptude

For example, the polypeptide of mterest may include up to about 5-10 conservatrve or
non-conservahve amino acid substituhions, or even up to about 15-25 or 20-50 conservative or
non-conservative ammo acid substriutions, or any integer between these values, so long as the
desired function of the molecule remams mtact.

In this regard, GapC protems 1solated from streptococer exhibrt severnl variable regions
in their ammo acid sequences, located at amino acid posittons 62 to 81, 102 to 112, 165 to 172;
248 t0 271, and 286 to 305 These regions, which n §. dysgalactiae, § agalactiae, § ubers, S.
parauberis and S muae exhibit from 1 to 9 ammo acid substitubons, are hikety to be amenable to
vanation without substantially affecting rmmumogenic or enzymatic fimction.

Similarly, substtuhions occurrmg m the transmembrane bmding dommn, 1f present, and
the mignal sequence, 1f present, normally will not affect mmmogenicity One of skill i the art
may readily determmme other regions of the molecule of mierest that can tolerate change by
reference to the protemn structure plots shown m Figures 9 to 20 heremn,

The term "streptococcal GepC protem” mtends a GapC plasmim-binding protemn, as
defined above, denved from a streptococcal species that produces the same, meludmg, but not
Immted to S. dysgalactiae, S. agalactiae, S. uberis, S parauberis, and § 1mae For example, 2
"S dysgalactiae GapC protem” 15 a GapC plasrun-bindmg protem as defined above, dertved
from S dysgalactize. Sumlarly, an "S agalactiae GapC protem" mtends a gapC bmmdmg protemn
dentved from S agalactiae.
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“Wild type" or "native" protems or polypeptides refer to protems or polypeptides 1solated
from the source 1n which the protemns naturally occur "Recombinant” polypeptides refer to
polypeptides produced by recombmant DNA techmiques, 1 e., produced from cells transformed
by an exogenous DNA construct encocing the deared polypeptide "Synthetic” polypeptides are
those prepared by chemical synthesis.

An "1solated" protem or polypeptide 15 a proten or polypeptide molecule separate and
discrets from the whole organism with which the molecule 18 found in nature, or a protem or
polypeptide devoid, 1n whole or part, of sequences normally associated with it m nature, or a
sequence, as 1t exasts m nature, but having heterologous sequences (as defined below) m
associgtion therewith

The term "finctionally equivalent” mtends that the ammo acid sequence of a GapC
plasmm-binding protem 15 one that will elicit a substantially eqmivalent or enhanced
mmmumological response, as defined sbove, as compared to the response ehcited by a GapC
plasmm-bmdmg protein having 1dentity with the reference GapC plasmin-bmding protemn, or an
mmunogenc portion thereof

The tenm "eprtope” refers to the arte on an antigen or hapten to which specific B cells
and/or T cells respond. The term 13 aiso used mterchangeably with "antigemc determmant” or
"smhgemc determmant site " Anhbodies that recogmze the same epitope can be 1dentified m a
simple immunoassay showing the abihty of one antthady to block the bindmg of another
antibody to a target anhigen. Epitopes may mclude 3 to 5 ammo acids, more preferably 5 to 10
amumo acids, up to the full length of the reference molecule

The term "muttiple epitope” protem or polypeptide specifies a sequence of ammo acids
compnsng an epitope as defmed herem, which contamns at least one epitope repeated two or
more tmes within a lmear molecule The repeating sequence need not be directly connected to
itself, 18 not repeated 1 nature m the same manner and, further, may be present within a larger
sequence which mcludes other ammo acids that are not repeated. For the purposes of this
mventon, the epitope sequence may erther be an exact copy of a wald-type epitope sequence, or
a sequence which 18 "fimchonally equivalent" as defined herein. refers to a multiple epitope
protemn or polypephide as defined herem that 1s produced by recombinant or synthehe methods
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A "fusion" or "clhimenc" protem or polypeptide 1s one 1 which ammo acid sequences
from more than one source are jomed Such molecules may be produced synthetically or
recombmantly, as described further heren (see the section entitled "Production of GapC
Plasmm-Bmding Proteins” infra) Hence, the term "muitiple epitope fusion protemn or
polypephde” refers to a multiple epitope protem or polypeptide as defined herein which 1s made
by exther synthetic or recombinant means

In tins regard, a multiple epitope fusion protein comprismg the vaniable regions m the
amino acid sequences of the GapC protems referred to above may be produced. The smmo acid
sequence for a representative GapC multiple emtope fusion protem, and a correspondmg
polynucleotide coding sequence, 1s depicted m Figures 6A-6C herem. Methods for
recambinantly producmg the protein, mchuding 2 method for constructing the polyGap4 plasrmd
contammg the chimenc coding sequence (diagramed m Figure 25) and a method for expressing
the protem from the polyGap4 plasymd, are described i Examples 4 and 5 mfra.

The terms "mmmmumogenic” protem or polypephde refer to an ammo acid sequence which
eliciis an immunologacal response as described heramn  An "mnmunogenic” protem or
polypeptide, as used herem, mcindes the fill-length sequence of the GepC plasmmn-binding
protem m queshon, with or without the signal sequence, membrane anchor domam and/or
plasmun-bmdmg dommn, analogs thereof, or mmumogenic fragments thereof By
“immumogen:ic fragment” 18 meant a fragment of 2 GapC plasmin-binding protemn which
includes one or more epitopes and thus elicits the immmmological response described above.
Such fragments can be 1dentfied using any oumber of emtope mapping techmiques, well known
mthe art See, ¢ g, Epitope Mappmg Protocols m Methods m Molecular Biology, Vol 66
(Glemn E. Moms, Ed., 1996) Humana Press, Totowa, New Jersey For example, hnear epitopes
may be detarmined by concurrently symthesizmg large nimbers of peptides on sohd supports,
the peptides corresponding to portions of the protean molecule, and reacting the peptides with
anhbodies while the peptides are still attached to the supports Such techmiques are known m the
art and described m, e g., US Patent No 4,708,871, Geysen et al. (1984) Proc Natl Acad. Sct
USA 81 3998-4002; Geysen et al. (1986) Molec. Fnmunol 23 709-715 Simularly,
conformational epitopes are readily 1dentified by determmning spatial conformation of amino
acids such as by, ¢ g, x-ray crystallography and 2-dimensional nuclear magnetic resonance
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See, c.g., Epitope Mapping Protocols, supra Anhgemc regions of protems can also be
wentfied nsing standard anhgemcity and hydropathy plots, such ax those calculated using, e g,
the Omuga version 1 0 software program svailable from the Oxford Molecular Group Thus
computer program employs the Hopp/Woods method, Hopp et al , Proc. Natl. Acad Sz USA
(1981) 78 3824-3828 for determmng antigemcity profiles, and the Kyte-Doolittle techmque,
Kyte et al , J Mol Biol. (1982) 157 105-132 for hydropathy plots Figures 9 to 20 herem depict
Kyte-Doolittle profiles for representative protems encompassed by the mvention.

Immunogenic fragments, for purposes of the present mvention, will usually melude at
least shaut 3 ammno acids, preferably at least about 5 ammo acids, more preferably at least about
10-15 amino acids, and most preferably 25 or more amino acids, of the parent GapC plasmun-
binding-binding protem molecule. There 18 no critical upper lnmat to the length of the fragment,
which may compnse nearly the full-length of the protemn sequence, or even s fusion protemn
compnsing two or more epitopes of GapC

An “iImmunogemc compositzon" 15 a compomton that compnses an autigemc molecule
where admimistration of the composition to a subject results in the development m the subject of
2 hnmoral and/or a cellular mnmme response to the anhigenic molecule of mterest.

By "subumit vaceme composibion” is meant a composition containing st least one
mmunogemec polypeptide, but not all anhgens, denved from or homologous to an antigen from
a pathogen of mterest. Such a compogition 13 substantially free of mtact pathogen cells or
particles, ar the lysate of such cells or particles Thns, a "subumt vaccme compostaon” 18
prepared from at least partially punfied (preferably substantially purified) immunogemc
polypephdes from the pathogen, or recombinant ansiogs thereof A subumt vaccme
composmhon can compnse the subumt anhigen or anhigens of mnterest substantally free of other
antigens or polypeptides from the pathogen.

By "pharmaceutically acceptable” or "pharmacologically acceptable” 1s meant a matenal
which 15 not biologically or otherwise undesirable, 1 e., the matenal may be admimstered to an
mdrvidual in a formulation or composition without causing any undesiranle biological effects or
mteructing m a deletenious manner with any of the components of the composihon m which 1t 18
contamned.
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An "mmunologcal response” to a composihion or vaccme 1s the development 1n the host
of a cellular and/ or antibody-mediated :mmune response to the composition or vaccine of
interest. Usnally, an "mmmumological response™ mclndes but 18 not lumted 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/ory5 T cells, directed specifically to an anhigen or antigens included m the
composition or vaccine of mnterest. Preferably, the host will display erther a therapeatic or
protective immmumological response such that remstance of the mammary gland to new imnfection
will be enhanced and/or the clinical seventy of the disease reduced. Such protection will be
demonstrated by either a reduction or iack of symptoms normally displayed by an mfected host
and/or a quucker recovery tme.

By "nucleic acid immmization” is meant the iniroduction of a muclerc acid molecule
encoding one or more selected anhgens mto a host cell, for the m vivo expression of an antigen,
anhigens, an epitope, or epitopes. The nucleic acad molecule can be mtroduced directly into 2
reciprent subject, such as by mjection, mhalstion, oral, Intranasal and mmcosal admimstration, or
the like, or can be introduced ex vivo, mto cells winch have been removed from the host. In the
latter case, the transformed cells are remiroduced mito the subject where an 1mmme response can
be mounted against the antigen encoded by the nucleic acid molecule

The term "treatment” as used herein refers to esther (1) the prevention of mfection or
remfechon (prophylaxis), or (2) the rednction or elimination of symptoms of the disease of
mtexest (therapy)

By "mastitis” 18 meant en mflammation of the mammary gland m mammats, meluding
cows, ewes, goats, sows, mares, and the like, caused by the presence of pathogenic
micToorgamsms, such as S, uberzs The mfechon mamfests itself by the mnfiltrabon of
phagocytic cells m the gland. Generally, 4 chnical types of mashtis are recogmzed (1) peracute,
associated with swelling, heat, pam, and abnormal secretion 1n the gland and accompamed by
fever and other sigus of systerme disturbance, such as marked depression, rapid weak pulse,
sunken cyes, weakness and camplete anorexia, (2) acute, with changes m the gland sumilar to
thoge above but where fever, snorexia and depression are shight to moderate, (3) subacute, where
no systemic changes are displayed and the changes 1n the gland and its s=cretion are less
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marked and (4) subchimcal, where the mflammatory reaction 1s detectable only by standard tests
for mastitis

Standard tests for the detection of mastitis include but are not hrmited to, the Califorma
Mastiths Test, the Wisconsin Mastitis Test, the Nagase test, the electronic cell count and somatic
cell counts used to detect a pemsistently high white blood cell content m mulk. In general, a
somatic cell count of about 300,000 to about 500,000 cells per ml or higher, m milk wall ndicate
the presence of mfechon. Thus, a vaccme 13 considered effective m the treatment and/or
prevention of mastitis when, for example, the somatic cell count m milk 18 retained below about
500,000 cells per ml For a discussion of mastitis and the diagnosis thereof, ses, e g , The Merck
Veterinary Manual A Handbook of Dragnasis, Therapy, and Disease Prevention and Control

Jor 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, mncnding, without lirmtabon, mammals such as cattle, sheep, pigs,
goats, horses, and humans, domestic anumals such as dogs and cats, and birds, including
domeshc, wild and game birds such as cocks and hens meluding chickens, turkeys and other
gallinaceous birds, and fish. The term does not denote a particular age Thus, both adult end
newborn ammals, as well as fetuses, are intended to be covered.

A "nuclexc ac1d” molecule can melude, but 1s not hmited to, procaryotic sequences,
eucaryotic mRNA, cDNA from eucaryotic mRNA, genomic DNA sequences from eucaryotic
(e g, mammahsan) DNA, and even synthetic DNA sequences The term also captures sequences
that mnclude any of the known base analogs of DNA and RNA.

An ™solated” nucleic acid molecule 15 & nucleic acid molecule separate and discrete from
the whole orgamsm with which the molecule 1s found m nahire, or a nucleic acid molecule
devoid, 1 whole or part, of sequences normally associated with 1t in nature, or a sequence, as 1t
exsts 1n nature, but having heterologous sequences (as defined below) m association therewith.
The term "1solated" mn the context of a polynucleotide intends that the polynucleotide 1s 1solated
from the chromosome with which it 1s normally associated, and 15 isolated from the complete
genomic sequence m which 1t normally occurs

“Punified polynucleotide™ refers to a polynucleotide of mnterest or fragment thereof which
18 essentially free, e.g., contams less than about 50%, preferably less than about 70%, and more
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prefershly less than ahout 90%, of the protein with which the polymcleotide 18 naturally
associated. Techmnues for punfying polynucleotdes of mterest are well-known 1o the art and
mclude, for example, distuption of the cell containmng the polynucleotide with a chaotropic agent
and sepanshon of the polynucleotide(s) and protems by 1on-exchange chromatography, affimty
chromatography and sedimentation according to density

A "coding sequence” or a "micleotide sequence encoding” a particular protern, 15 a
nucleotide sequence which 1s transcribed and transiated mto a polypeptide oz vitro or in vivo
when placed under the control of appropnate regulstory elements, The boundanes of the coding
sequence are determined by a start codon at the 5' (armmao) terminus and a translahon stop codon
at the 3' (carbaxy) terminus A coding sequence can mclnde, but 1s not lumted to, procaryotic
sequences, cDNA from cucaryotic mRNA, genomic DNA sequences from euczryotic (¢ g.,
mammaliun) DNA, and even syathetic DNA scquences. A transcription temmnation sequence
will usnally be located 3' to the coding sequence. A "complementary” sequence 1s one mn which
the mtrogenous base at a given nucleotide position 18 the complement of the nitrogenous base
appearing at the same position in the reference sequence. To illustrate, the complement of
adenomne is tyrosme, and vice versa, smmlarly, cytosine 1s complementery to guanme, 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 herem, refers to polypeptde encodmg
sequences that are essentally as they sre found m nstire, € g, the S dysgalactize GapC protem
encoding sequences depicted in Figures 1A-1B (SEQ ID NO 12)

"Recombinant” as used herein to describe a mucleic acid molecule means a
polymicleotide of genomic, cDNA, semisynthetic, or synthethc onigm which, by vrtue of its
ongm or mantpulation. (1) is not associated with all or a portion of the polynucleotide with
whach 1t 18 associated m nature, and/or (2) 18 hnked to a pSlynucleotide other than that to which
1t 18 Imked 1n nature  The term "recombmant” as nsed with respect to a protem or polypeptide
means & polypeptide produced by expression of a recombmant polynucleonde "Recombrmant
host cells,” "host cells," "cells,” "cell lines," "cell cultures,” and other such terms denoting
procaryotic mucroorgamsms or eucaryotic cell ines cultured as unicellular entihes, are used
wterchangeably, and refer to cells which can be, or have been, used as reciprents for
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recombinant vectors or other transfer DNA, and mclhude the progeny of the ongnal cell which
has been transfected. It 1s understood that the progeny of a smgle parental cell may not
necessanily be completely 1dentical :n morphology or in genomuc or total DNA complement to
the onginal parent, due to accidental or deliberate mutahon. Progeny of the parental cell whuch
are sufficiently ssrmlar to the parent to be characterized by the relevant property, such as the
presence of a nucleotide sequence encoding & desired peptide, are mcluded m the progeny
mtended by this defimtion, and are covered by the ahove terms

"Homology”" refers to the percent 1denhity between two polynucleotide or two
polypeptide moteties Two DNA, or two polypeptide sequences are “substantially homologous”
to each other when the sequences exhubat at least about 80%-85%, preferably at least about 90%,
end most preferably at least about 95%-98% sequence identity over a defined length of the
molecules. As used heremn, substanhally homologous also refers to sequences showing complete
adentity to the specified DNA or polypephide sequence

In general, “ydentity” refers to an exact nucleotide-to-nucleotide or armno acid-to-amno
acid correspondence of two polymucleotides or polypeptide sequences, respectively Percent
1dentity can be detenmined by a direct companison of the sequence mformation between two
molecules by ahgmng the sequences, counting the exact number of matches between the two
aligned sequences, dividing by the length of the shorter sequence, and muitiplymmg the result by
100 Readily available computer programs can be used to aud in the analysis, such as ALIGN,
Dayhoff, M.O 1n Atlas of Protein Sequence and Structure M.O Dayhoff ed., 5 Suppl. 3 353-
358, National biomedical Research Foundation, Wasiungton, DC, which adapts the local
homology algonthm of Smith and Waterman (1981) Advances in Appl Math. 2 432-489 for
pephde analysis Programs for deterruning nucleotide sequence 1denhity are available m the
Wisconsm Sequence Analysis Package, Version 8 (avatlable from Genetics Computer Group,
Madison, WI) for example, the BESTFIT, FASTA and GAP programs, whach also rely on the
Smuth and Waterman algorithm. These programs are readily uhlized with the default parameters
recommended by the manufacturer and described 1n the Wisconsin Sequence Analysnis Package
referred to above. Por example, percent 1denhty of a parhcular nucleotide sequence to a
reference sequence can be determmed using the homology algorithm of Smith and Waterman
with a defanlt sconng table and 2 gap penalty of six mcleotide posthons
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Another method of establhishing percent :dentity m the context of the present mventon 15
to use the MPSRCH package of programs copynghted by the University of Edinburgh,
developed by John F Collms and Shane S Sturrok, and distnbuted by IntelliGenetics, Inc
(Mountam View, CA). From this suite of packages the Smith-Waterman algonthm can be
cmployed where default parameters are used for the sconng 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 1dentity ” Other smtable programs for calculating the percent identity
or simylarity between sequences are generzily known 1n the art, for example, another alignment
program 18 BLAST, used with defanit parameters For example, BLASTN and BLASTP can be
used nsmg the following defanlt paremeters- genetic code = standard, filter =none; strand =
both; cutoff = 60; expect = 10, Matnx = BLOSUMS62, Descriptions = 50 sequences; sort by =
HIGH SCORE, Databases = non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank
CDS translations + Swass protemn + Spupdate + PIR. Details of these programs can be found at
the following intemnet address. hitp.//www.ncbinim gov/egi-bin/BLAST

Altematively, homology can be determined by hybridization of polynucleotides under
conditions which form stable duplexes between homologons regions, followed by digestion with
amgle-stranded-specific nuclease(s), and size detenmination of the digested fragments DNA
sequences that are substantially homologous can be identified in a Southern hybnidizaton
expermment under, for example, suin’gmtcund:uuns.udzﬁnndfortha:tpam:ularsysm
Defimng approprate hybndization conditions 1s withm the skill of the axt. See, e.g, Sambrook
et al, supra, DNA Clomng, supra; Nuclexc Acd Hybndization, supra

By the term "degenerate vanant” 1s mtended a polyrucleotide contaming changes m the
nucleic acid sequence thereof, that encodes a polypeptide having the same ammo acid sequence
as the polypephde encoded by the polymicleotide from which the degenerate vanant 18 denived.

Techmiques for determiming ammo acid sequence “smulanty” are well known m the art.
In general, “similanty’” means the exact ammo ecid to ammo acid companison of two or more
polypeptides at the appropnate place, where ammo acids are 1dentical or possess simlar
chermcal and/or physical properhies such as charge or hydrophobicity A so-termed “percent
gmmianty” then can be determined between the compared polypephde sequences Technques
for deterrmmng mucleic acid and ammo acid sequence :dentity also are well known 1n the art and

SUBSTITUTE SHEET (RULE 28)




hd

10

15

20

3%
Lh

30

W 01196379 PCT/CAOL/00836
-23-

melude determmming the nucleotide sequence of the mRNA for that gene (usuaily via a cDNA
mtermediate) and determimng the ammo acid sequence encoded thereby, and comparng this to
a second emino acid sequence In general, “identity™ refers to an exact nuclectide to nucleotide
or anuno ac1d to amno acid correspondence of two polynucleotides or polypeptide sequences,
respectively

A "heterologous” region of a DNA construct 1s an 1denhfiable segment of DNA withm or
attached to another DNA molecule that 1s not found m association with the other molecule in
nature Thns, when the heterologous region encodes a bacterial gene, the gene will ususily be
flanked by DNA that does not flank the bactenial gene m the genome of the source bactena.
Another example of the heterologous coding sequence 18 a construct where the coding sequence
1tself 15 not found m nature (e.g., synthetic sequences having codons different from the native
gene) Allelic vaniation or naturally occurring mutahional events do not give nse to a
heterologons region of DNA, as used herein.

A "vector™ 1s a2 rephicon, such as a plasmuid, phage, or cosmmd, to which another DNA
segment may be attached 50 as to bring about the replication of the attached segment. A vector
18 capable of transfermng gene sequences to target cells (e.g., bactenal plasmd vectors, viral
vectors, non-viral vectors, particulate carners, and liposomes)

Typically, the terms "vector construct,” "expresaion vector,” "gene expression vector,"
"gene dehvery vector,” “gene transfer vector,” and "expression cassette” ell refer to an assembly
which 15 capsble of directing the expression of a sequence or gene of interest. Thus, the terms
include clonmg and expression vehicles, as well as viral vectors

These assembhies include a promoter which 18 operably hinked to the sequences or
gene(s) of interest  Other control elements may be present as well The expression casseties
described herem may be contained within a plasmd construct In addrhon to the components of
the expression cassette, the plasmid construct may also mclude a bactenal ongin of rephcation,
one or more selectable markers, a signal which allows the plasrmd construct to exast as sigle-
stranded DNA (e g, a M13 ongn of replication), a multiple cloning site, and a "mammalian"
ongm of replication (e.g , 2 SV40 or adenovirus ongn of replication)

DNA "control elements” refers collectively to transcription promoters, transcription
eohancer elements, transcription termination sequences, polyadenylation sequences (located 3' to
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the transiation stop cadon), sequences for optumuzetion of mittahion of translation (located 5” to
the coding sequence), translation termination seqnences, upstream regulatory domams, ribosome
bindmg sites and the like, which collectively provads for the transcnphon and translation of a
codmg sequence m a host cell. See e g, McCaughsn et al (1995) PNAS USA 92 5431-5435,
Kochetov et al (1998) FEBS Letts 440.351-355 Not all of these control sequences need always
bepmstmamombmmtvacbrsolonguﬂ;edesxredgenelscapableofbﬂngm;smbed
and translated.

"Operably lmked" refers to an armangement of elements wherem the components so
described are configured so as to perform their usual fimction. Thus, control elements opersbly
linked to & coding sequence are capable of effecting the expression of the coding sequence The
comntrol elements need not be contiguous with the coding sequence, so long as they function to
direct the expresmion thereof Thus, for example, mtervenmg untramslated yet tramscribed
sequences can be present between a promoter and the codmg sequence and the promoter can still
be conndered "operably linked” to the coding sequence. Smmilarly, "control elements
compatible with expression m a subject” are thoss which are capable of effectmg the expression
of the coding sequence m that subject.

A control element, such as a promoter, "directs the transcription” of a codmg sequence m
a cell when RNA polymerase will bmd the promoter and transcribe the codmg sequence mto
mRNA, which 15 then translated into the polypeptide encoded by the coding sequence

A "host cell” 15 a coll which has been transformed, or 15 capable of transformation, by an
exogenous nicleic acd molecule

A cell bag been "transformed” by exogenous DNA when such exogenous DNA has been
mtroduced mside the cell membrane Exogenous DNA may or may not be mtegrated
(covalently lmked) mto chromosomal DNA makmg wp the genome of the cell In procaryotes
and yeasts, for example, the exogenous DNA msy be mamtamed on an episomal element, such
as aplasmnd. With respect to eucaryotic cells, a stably transformed cell 1s one m which the
exogenous DNA bas become mtegrated mto the chromosome so that 1t 15 mhenited by daughter
cells through chromosomie rephication. This stability 1s demaonstrated by the abihity of the
eucaryotic cell to establish cell lines or clones compmsed of a populahon of daughter cells

coutsmmg the exogenous DNA.
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As used heremn, a "biological semple” refers to a sample of tissue or flmd isolated from a
subject, includmng but not lunuted to, for example, blood, plasme, serum, fecal matter, urme,
bone marrow, bile, spmal fhind, lymph flnd, samples of the skin, external secretions of the skn,
respiratory, inteshnal, and gemtourinary tracts, tears, saliva, milk, blood cells, organs, biopsies
and also samples of wn vitro cell cultore constituents mchidmg but not hmited to conditioned
media resulting from the growth of cells and tissues 1n culture medium, e g, recombmant cells,
and cell components )

As used herein, the terms "label” and "detectable label" refer to a molecule capable of
detection, meluding, but not hrmted to, radioactive 1sotopes, fluorescers, chemihminescers,
enzymes, enzyme substrates, enzyme cofictors, enzyme mhibitors, chromophores, dyes, metal
10ms, metal sols, hgands (e.g., biotm or haptens) and the hke. The term "fluorescer” refers to a
substance or a portion thereof which 18 capable of exhibiting fluarescence i the detectable
range. Particular examples of labels winch may be used under the mnvention mclude fluorescem,
thodamne, dansyl, umbelhiferone, Texas red, luminol, NADPH and a-B-galactosidase

2. MopES OF CARRYING OUT THEE INVENTION

Before describmg the present mvention m detasl, 1t 15 to be understood that this mmvention
18 not hmited to parhcular formulations or process parameters as such may, of course, vary Itis
also to be vnderstood that the termmology used herein 1s for the purpose of desenibing particular
embodmments of the mvention only, and 1s not intended to be hrmting

Although a number of methods and materials sumilar or equivalent to those described
herem can be used m the practice of the present inveniion, the preferred materials and methods
aro described herem.

Geneqal Overview of the Invenhon -

Central to the present mvention 1s the discovery that the GapC protem 1s capable of
ehiciting an rmmune response 1n a vertebrate subject. Expenments performed m support of the
present mvenhon have demonstrated that immumzation of dairy cattle with the GapC protem of
§ dysgalactiae conferred protechion against expermmental infection with this orgamsm, and
furthermore, conferred cross-protection agamst mfection by § uberts
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GepC 18 produced by & number of different streptococcus species. With the exception of
several Jocahized vanable regions, the emmo acid sequences of the GapC protemns produced by
thoge strams are highly conserved. Therefore, 1t is desirable to construct multiple epitope GapC
fusion protems comprismg anhigeme deterrmnants taken from both the highly conserved regions
of GapC, and the unique regions of GapC proteins from several streptococcal species
Experiments performed in support of the present imnvention have demonstrated that such &
protenn. 18 capable of eliciting brosd 1mmumrty agamst a vanety of streptococeal mfections while
providing the additional economic advantage of minmuzing the number of antigens present 1
the fmal formulation, and concomtantly reducmg the cost of prodncmg that formulation.
The GapC multrple epitope fusion protemns of the present inmventian are described by the
geaerl structural formnila (A),—~(B),~(C), representing a Imear emuno acid sequence. B is an
amno acid sequence of at least five and not more than 1,000 ammo acids of an antigemc
determinant frorm a GapC protem, end y 18 an imteger of 2 or more. A and C are each different
from B, as well as bemng different from each other, and are mmdependently an ammo acid
sequence of an antigenic determnant contaming at least five and not more than 1,000 amino
acids not mmediately adjacent to B m nature. x and Z are each independently an mteger of 0 or
more, wherein st least one of x and z 15 1 or more
Typically, A, B, and C are antigemc determinants from the GapC protems of one or mare
bactenal species In a preferred embodiment, A, B, and C are amino acid sequences comprising
one or more anhgemc determmants from the GapC protem of one or more of the following
species of streptococcus § dysgalactiae, 3. agalactiae, S ubers, S paraubens, and S vuae
In thus regard, Figures 9 through 13 show plots of the following for the streptococcal
GapC protemns employed by the present mvention. Kyte-Doolittle hydrophathy, averaged over a
wmdow of 7, surface probability according to Emum, cham flexibilrty according to Karplus- '
Schnlz, antigenicity index according to Jameson-Wolf, secondary structure according to
Gamer-Osguthorpe-Robson, secondary structnre according to Chou-Fasman, and predicted
glycosylation sites  Figures 15 through 19 show plots of secondary structure according to Chou-
Fasman for the aforementioned proteins  One of slall m the art can readily use the informaton
presented mn Figures 9 through 13 and 15 to 19 m view of the teachings of the present
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specificahon to 1dentify antigenic regrons which may be employed m constructng the chumeric
protem of the present mvention.

Most preferably, A, B, and/or C mclude one or more vanable regions of the GapC
protems from more than one streptococcus species In this regard, Figures 8A-8C show an
ammo acid sequence alignment which 1llustrates regions of homology end vaniabilirty that exist
among GapC protens from § dysgalactiae, S agalactiae, S uberts, § parauberis, and § 1mae
Ammno acid sequences for the GapC protemns of S pyogenes and S equisimuilis, S pyogenes are
also ncluded In particular, several vanable regions are located at amno acid posthons 62 to
81,102 to 112, 165 to 172, 248 to 271, and 286 to 305

The mulhple eprtope fusion protem of the present mventon may also mclude spacer
sequences 1nterposed between A, B, snd/or C  The Spacer sequences are typically ammo acd
sequences of from ] to 1,000 amino acids, may be the same or chfferent as A, B, or C, and may
be the same or drfferent as each other

The present mvention may also mclude a signal sequence and/or a transmembrane
sequence. Examples of smtable signal sequences mchude the E. col: LapoF signal sequence, and
the OmpF signal sequence Examples of suitable transmembrane sequences melnde those
associated with LipoF and OmpF

An especially preferred embodiment of the present invention 1s the multrple epitope
fuston protemn Gap4 The amuno acid sequence of Gap4 (SEQ ID NO 22), a representative
multiple epitope GapC fusion protem, 1s shown in Figures 6A-6C, as 1s the polynucleotide
sequence winch encodes 1t (SEQ ID NO 21) Gap4 1s 2 47 905 kDa chimeric protein of 443
ampo acaids Residues 1 to 27 are 1dentical to ammo acid residues 1 to 27 of the £ coli LipoF
signal sequence Residues 28 to 123 are 1dentical to residues 1 to 96 of the S dysgalactiae
GapC protemn. Remdues 124 (leucne) and 125 (glutamc acid) are spacer amuno acids They are
followed by resmidues 126 to 165, winch are 1dentical to remdues 56 to 95 of § paraubens as
well as to the same residnes of §' uberss Residue 166 (1soleucne) 1s a spacer ammo acid.
Residues 167 to 208 are 1dentical to residues 535 to 96 of the § agalactine GapC protemn
Residues 209 (threonine) and 210 (sernme) axe spacer ammo acds Residues 211 ta 448 ace
idenfical to restdues 99 to 336 of the S' dysgalacriae GapC proten
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As expressed, Gap4 has a cysteme residue present at the amino termunal end of the
mature protemn. The LipoF signal sequence and cysteme residue are present to ensure that the
chimeric molecule 15 efficiently secreted from the bactenal host cell and becomes bound to the
host cell membrane via the hpid-moiety The protem may then be extracted from the cell
surface via differential solubilization with a detergent such as Sarkosyl or TntonX-100® (see
Example 5 infra)

The GapC chmmenc proteins of the present mvenhon or anfigenic fragments thereof can
be provided in subumit vaccme composthons In addition to use m vaccine composthons, the
protemns or antibodies thereto can be used as diagnoshc reagents to detect the presence of
mfection m a vertebrits subject. Smularly, the genes encodmg the proteins can be cloned and
used to design probes to detect and 150late homologous genes m other bacterial strams. For
example, fragments comprising at least about 15-20 nucleotides, more preferably at least about
20-50 nucleotides, and most preferably about 60-100 muclechdes, or any mteger between these
values, wiil find use in these embociments

The vaccme composmitions of the present mvention can be used to treat or prevent 2 wide
vanety of bactenal mfections in vertebrate subjects. For example, vaccme compostions
inclidmg GapC muliiple epitope fusion protems comprising antigenic determinants from S
dysgalactiae, S. uberis, S. parauberts, § niae, and/or group B streptococc: (GBS) such as §
agalactiae, can be used to treat streptococeal mfections m vertebrate subjects that are cansed by
these or other species. In particular, §. uberis and . agalactize are common bactenal pathogens
associated with mastihs m bovine, equine, ovine and goat species  Additionally, group B
streptococci, such as S. agalactiae, are known to cause numerous other mfections m vertebrates,
mcludmg septicermsa, memngitis, bacterernia, impetigo, arthntis, unnary tract mfections,
abscesses, sponteneous abortion etc  Hence, vaceme compositions contamnmg chimeric GapC
proteins will find use in treating and/or preventing & wide vanety of streptococcal mfections

Similarly, GapC multple epitope fumon protems comprising anhgemc deternmnants
dentved from other bactenal genera such as Stapkylococcus, Mycobacterwm, Escherichia,
Pseudomonas, Nocardia, Pasteurella, Clostriduon and Mycoplasma wnll find use for treating
bactenal mfections caused by species belonging to those genera. Thus, it 15 readily apparent that
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chimeric GapC proteins can be used to treat and/or prevent a wide vanety of bactenal imfections
1N NUIMETous species

The GapC multiple epitope fusion protems of the present mnvention can be used m
vaccine compositions etther alone or in combinaton with other bactenal, fimgel, viral or
protozoal antigens These other antigens can be provided separately or even as fusion proteins
comprising the GapC chimenc protemn fused to one or more of these antigens For example,
other immumogemc protens from § uberws, such as the CAMP factor, hyaluronic acid capsule,
hyaluronidage, R-hke protern and plasrinogen activator, can be admmstered with the chimenc
GapC protemn. Additionally, immmmogemc protemns from other orgemsms mvolved m mastths,
such as from the genera Staphylococcus, Corynebacterium, Pseudomonas, Nocardia,
Clastridium, Mycobacterium, Mycoplasma, Pasteurella, Prototheca, other streptococt, cohform
bactena, as well as yeast, can be admmustered elong with the GapC fusion protems described
herem to provide a broad spectrum of protection. Thus, for example, immunogenic protemns
from Staphylococcus aureus, Sir agalactiae, Str dysgalachae, Str zocepidemcus,
Corynebactertum pyogenes, Pseudomonas aerugmosa, Nocardia asterordes, Clostriduan
pevfrmgens, Escherichia coli, Enterobacter aerogenes and Xlebsiella spp can be provided along
with the GapC plasmm-bindmg proteins of the present mvention.

the same, can be produced by recombinant methods as descnbed heretn. These recombinant
products can take the form of partial protem sequences, full-length sequences, precursor forms
that mclude signal sequences, or mature forms withont signals

The GapC plasmimn-bmding protern DNA sequences nsed to construct the chumenc
protems of the present mvention can be 1solated by a vanety of methods known to those of skill
m the art. See, e g., Sambrook et al, supra Methods for 1solatmg, clomng and sequencing the
gene sequences encoding GapC proteins from S dysgalactiae, S agalactiae, S ubens, S
paraubens, and S imae are detailed m Examples 1, 2 and 3, infra

After 1solating and clomng the desired GapC protem sequences, polynucleotide
sequences encoding the chimeric proteins are constructed using standard recombimant techmiques
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mcluding PCR amphfication, restnchion endonuclease digestion and hgation. See, e g,
Sambrook et al , supra  Methods for constructing Gap4, an especially preferred embodiment of
the present invention, ere detaled m BExample 4, wmnfra

Alternatively, the DNA sequences encodmg the protemns of interest can be prepared
syntheheally rather than cloned. The DNA sequences can be demgned wath the appropriate
codons for the particular amino acid sequence. In general, one will select preferred codons for
the mtended host 1f the sequence will be used for expresmion. The complets sequence is
asgembled from overlapping ohigonucleotides prepared by standard methods snd assembled into
a complete coding sequence. See, e g., Edge (1981) Nature 292 756, Nambayr et al. (1984) Scr-
ence 223 1299, Jay et al. (1984) J Blol Chem. 259-6311

Once codmg sequences for the desired protem:. have been prepared, they can be cloned
into sny surtable vector or replicon. Numerous clonmg vectors are known to those of skill 1n the
art, and the selection of an appropriate cloning vector 1s a matter of choice Examples of re-
combmant DNA vectors for clonmg and host cells which they can transform mclude the
bacteriophage A (E. coli), pBR322 (E. coli), pACYC177 (E. coli), pKT230 (gram-negative
bactena), pGV1106 (gram-negative bacteria), pLAFR1 (gram-negative bacteria), pME290
(non-E col: gram-negative bactene), pHV14 (E. colt and Baczlfus subtilis), pBD9 (Bacillus),
pII61 (Streptomyces), pUCS (Streptomyces), YIpS (Saccharomyces), YCp19 (Saccharomyces)
and bovine papilioma virus (mammahian cells) See, Sambrook et al, supra, DNA Clomng,
supra, B Perbal, supra.

The gene can be placed under the control of & promoter, nbosome bindmg site (for bacte-
nal expression) and, optionally, an operator (collectively referred to heremn as “control”
elements), so that the DNA sequence encodmg the desired protein 1s transcribed mto RNA 1n the
host cell trangformed by & vector comtaimng thus expression construchion. The codmg sequence
may or may not contamn 2 signal peptide or leader sequence If a signal sequence 18 mcluded, it
can erther be the native, homologous sequence, or a heterologovs sequence For example, the
LipoF signal sequence 15 edded to the ammo-termmal region of the chimenc protein Gap4 to
permut secretion of the protein after expression. See Examples 4E and 5, infra Leader
sequences can be removed by the bost m post-translational processing See, e g, US Patent
Nos. 4,431,739, 4,425,437, 4,338,397

SUBSTITUTE SHEET (RULE 26)

b — — -



i

10

15

20

30

W0 01196379 PCT/CA01/00836
-31-

Other regulatory sequences which allow for regulation of expression of the protein
sequences relative to the growth of the host cell may also be desirable  Regulatory sequences
are known to those of sioil m the art, and examples mclude those which cause the expression of
a gene to be turned on or off in response to a chem1cal or physical shmulus, mcluding the
presence of a regulatory compound. Other types of regulatory elements may also be present in
the vector, for example, enhancer sequences

The control sequences and other regulatory sequences may be Ligated to the coding
sequence prior to mnsertion wnto a vector, such as the clomng vectors described 2bove
Alternatively, the coding sequence can be cloned directly into an expression vector which
already contams the control sequences and an appropriate restriction 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 onentation, 1.e., to mamtam the proper
reading frame It may also be desirable to produce mutants or analogs of the GapC plasmm-
bmdmg protemn. Mutants or analogs may be prepared by the delebon of a portion of the
sequence encoding the protemn, by mserhion of a sequence, and/or by substitution of one or more
nucleotides within the sequence. Techmques for modifymg nucleotde sequences, such as
site-drrected mutagenesis, are described m, ¢ g., Sambrook et al, supra, DNA Cloming, supra,
Nuclewc Acid Hybnidization, supra

The expression vector 18 then used to transform an appropnate host cell A nomber of
mammahan cell hnes are known m the art and mclude immortahized cell lines available from the
Amencan Type Culture Collection (ATCC), such as, but not limited to, Chunese hamster ovary
(CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kdney cells (COS), human
hepatocellular carcinoma cells (& g , Hep G2), Madin-Darby bovine kidney ("MDBK") cells, as
well as others Simularly, bactenial hosts such as E col1, Bacillus subtils, end Streptococcus
spp , will find use with the present expression constructs Yeast hosts useful m the present
mvention mclude witer alia, Saccharomyces cereviniae, Candida albicans, Candida maliosa,
Hansenula pohanorpha, Kluyveromyces fragiiis, Kluyveromyces lactis, Pichia guillenmondn,
Picha pastoris, Schizosaccharomyces pombe and Yarrowia hpolytica Insect cells for use with
baculovirus expression vectors mclude, mnter aha, dedes aegypti, Autographa californica,
Bombyx mon, Drosophila melanogaster, Spodoptera frugperda, and Trichopfusia m
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Depending on the expression system and host selected, the proteins of the present
mvegtion are produced by cultunng host cells transformed by an expression vector described
gbove under condrtions whereby the protemn of mterest 13 expressed. The protem 1s then 1solated
from the host cells and purified. If the expresmon system secretes the protem mto the growth
media, the protemn can be purtfied directly from the media. If the protem 1s not secreted, 1t 18
1solated from cell lysates The selection of the appropnate growth conditions and recovery
methods are within the skall of the art.

The proteins of the present ivention may also be produced by chemucal synthesis such
as sohd phase peptide synthesis, usmg known amino acid sequences or amuino acid sequences
denved from the DNA sequence of the genes of mnterest Such methods are known to those
sialled in the art. See, e.g., J. M. Stewsrt and J D. Young, Sokd Phase Peptde Synthests, 2nd
Ed., Prerce Chemical Co., Rockford, IL (1984) and G. Bareny and R. B Memfield, The
Pepiides- Analysis, Synthesis, Biology, ecitors E Gross and J Meenhofer, Vol. 2, Academic
Press, New York, (1980), pp 3-254, for solid phase peptide synthesig techmques, and M.
Bodansky, Principles of Peptide Synthesis, Spnnger-Verlag, Berlin (1984) and E Gross and J
Meaenhofer, Eds , The Peptides- Analysis, Synthesis, Brology, supra, Vol. 1, for classical
golution synthesis Chemical synthesis of peptides may be prefersble 1f a small fragment of the
anhgen 1n question 18 capable of raising an ymmunological response in the subject of mterest.

The chumenc GapC plasmin-bmding proteins of the present invenhon, or thewr fragments,
can. be nsed to produce antibodies, both polyclonal and monoclonsl If polycional antibodies are
desired, a selected mamumal, (e.g., mouse, rabbit, goat, horse, etc } 1s immumzed with an antigen
of the present invention, or its fragment, or 2 mutated antigen. Senum from the immunized
anmmal 15 collected and treated accordmg to known procedures See, e g, Jurgens et al (1983)J
Chrom. 348 363-370 If serum contammg polyclonal anrtibodies 18 used, the polyclonal
antibodies can be punfied by immunoeaffimty chromatography, using known procedures

Monoclonal antibodies to the chmmeric GapC plasmin-bindmg protemns and to the
fragments thereof, can also be readily produced by one sklled in the art. The general
methodology for makmg monocional antibodies by using bybridoma technology 1s well known.
Immortal antibody-producng cell Imes can be created by cell fusion, and also by other
techmques such as direct transformation of B lymphocytes with oncogenic DNA, or transfection
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with Epstem-Barr virus See, e g, M Schreier et al , Hybridoma Techniques (1980),
Hemmerhng et al , Monoclonal Anttbodies and T-cell Hybridomas (1981), Kemnett et al.,
Monoclonal Antibodies (1980), see slso US Patent Nos 4,341,761, 4,399,121, 4,427,783,
4,444 887, 4,452,570; 4,466,917, 4,472,500, 4,491,632, and 4,493,890 Panels of monoclonal
antibodies produced agamst the chimenc GapC plasrmn-bmding protemns, or fragments thereof,
can be screened for vanious properties; 1 e , for 1sotype, epitope, affinity, etc  Monoclonal
sntibodies are useful 1 punfication, using mmumoaffimity techmques, of the mdividusl antigens
whuch they are directed agamst. Both polyclonal and monoclonal antibodies can also be used for
passive rmmunization or can be cambined with subimit vaccine preparations to enhance the
immime response Polyclonal and monoclonal antibodies are also useful for diagnostic

purposes

mio vaceimne composrtions, either alone or m combmeton with other anhgens, for use m
muumizing subjects as descnbed below Methods of preparmg such formulations are descnibed
m, ¢ g, Remmngton's Pharmaceutical Sciences, Mack Publishing Company, Easton,
Pennsylvema, 18 Edihon, 1990 Typically, the vaccines of the present mnvenhon are prepared as
myjectables, exther as hquid solohons or suspensions Sohid forms smtable for solubion n or
suspension m hqud velicles poor to mjechon may also be prepared. The preparation may also
be emulsfied or the actve mgredient encapsnlated 1n hposome vehicles The achve
ummunogenic ingredient 18 generally mixed with a compatible pharmaceuntical vehicle, such as,
for example, water, salme, dextrose, glycerol, ethanol, or the hke, and combinations thereof In
addibion, if desired, the vehicle may contain mmor amounts of awaliary substances such as
wetting or emulsifymg agents and pH buffenng agents

Adjuvants which enhance the effectiveness of the vaccme may also be added to the
formulabon. Adjuvants may mclude for example, muramyl dipeptides, avridine, alzaumum
hydroxide, dimethyldioctadecyl ammonium bromude (DDA), oils, o1l-m-water emuisions,
sapomns, cytokines, and other substances known in the art
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The chumenc GapC plasmm-bindmg profein may be hinked to a carner m order to
mcrease the mmmmmogemcity thereof, Smtable carners mclude large, slowly metabolized macro-
molecules such as proteins, mcludmg serum albumins, keyhole hmpet hemocyanm,
mmunoglobulin molecules, thyroglobulm, ovalbumm, and other protems well known to those
skalled in the art, polysacchandes, such as sepharose, agarose, cellulose, cellulose beads and the
hke, polymenc amino acids such as polyghitamic acad, polylysine, and the hke, amino acid
copolymers, and mactive virus particles

The chumenc GapC plasmm-bmding proteins may be used in their natrve form or their
fimetional group content may be modified by, for example, succinylation of lysine remidues or
reaction with Cys-thiolactone A sulfhydryl group may also be incorporated mto the carmier (or
antigen) by, for example, reaction of ammno fimnctions with 2-onmothiolane or the
N-hydroxysuccinmude ester of 3-(4-tluopyndyl propionate. Suitable carrrers may also be
modified to tmcorporate spacer arms (such as hexamethylene chamme or other bifunctional
molecules of somlar s1ze) for attachment of peptides.

Other surtable camers for the clumeric GapC plasmun-bindmg protems of the present
mventon mclude VP polypeptides of rotavmuses, or finctional fragments thereof, as disclosed
mUS Patent No 5,071,651 Also useful 15 a fusion product of a viral protemn and the subject
chimeric proteins made by methods disclosed m UJ.S Patent No 4,722,840. Still other smtable
camners mclude cells, such as lymphocytes, since presentahion m this form mmmics the natnral
mode of presentation m the subject, which gives niss to the ounomnized state. Altematively, the
protems of the present nvention may be coupled to erythrocytes, preferably the subject's own
erythrocytes Methods of coupling peptides to proteins or cells are known to those of skill in the
art.

Furthermore, the chimenc GapC plasmin-binding proteins (or complexes thereof) may
be formulated mto vaccme compositions in either neutral or salt forms. Pharmaceutically
acceptable salts mchude the acid addihon salts (formed wath the free amuno groups of the acuve
polypeptides) and which are formed with morgamc acids such as, for example, hydrochlonc or
phosphornic acids, or such orgamc acids as acetic, oxahc, tartaric, mandelic, and the Itke, Salts
formed from free carboxyl groups may also be denved from morganic bases such as, for
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example, sodium, potassium, ammonium, cRicium, or fernic hydroxides, and such organic bases
as 1sopropylemine, tnmethylamne, 2-ethylarmno ethanol, hishidine, procaine, and the hke

Vaccme formulations will contan a "therapeuhcally effective amount” of the active
mgredient, that 15, an amount capable of ehciting an immune response 1n a subject to which the
composition 15 admimstered. In the treatment and prevention of mastitis, for example, a
"therapeutically effective amount” would prefersbly be an amount that enhances resistance of
the mammary gland to new mfection and/or reduces the chimcal sevenity of the disease Such
protection will be demonstrated by either a reduction or lack of symptoms normally displayed
by an infected host, a quicker recovery tume and/or a lowered somatic cell count 1n milk from the
mfected quarter For example, the ability of the composition to retamn or bring the somatic cell
count (SCC) 1n mulk below about 500,000 cells per ml, the threshold value set by the
Interpahonal Dairy Federation, above which, anumals are considered to have chmcal mastitis,
will be ndicative of a therapeuhc effect.

The exact amount 1s readily determined by one sklled n the art using standard tests
The chumeric GapC plasmm-bmdmg protemn comcentratron wall typically range from about 1% to
about 95% (w/w) of the compostion, or even higher or lower if appropniate With the present
vaccme formulations, S to 500 pg of active mgredient per ml of ijected solution should be
adequate to rmse an ;ommmological response when a dose of 1 to 3 ml per anunal 1s
admmstered.

To mmmunize a subject, the vaccine 18 generally admimstered parenterally, usually by
mtramuscular injection. Other modes of admumstrahon, however, such as subcutaneous,
mntraperitoneal and iptravenous mjecton, are also acceptable The quanhty to be admumstered
depends on the amimal to be treated, the capacity of the ammal's rmmune system to synthesize
antibodies, and the degree of protection desred  Effechve dosages can be readily established by
one of ordinary skall mn the art through routme trials establishing dose response curves The
subject 15 immumyzed by admmstrahion of the vaccine 1n at least one dose, and preferably two
doses Moreover, the ammal may be administered as many doses as 1s requured to maintamn &
state of immumty to mfection

Additional vaccine formulations which are smitable for other modes of admimstrahion
mclude suppositonies and, 1n some cases, aerosol, mniranasal, ora! formulations, and sustammed
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release formulations For suppositortes, the vehucle composrtion will inelude traditional bmders
and camers, such as, polyalkaline glycols, or tnglycendes Such suppositories may be formed
from muxtures contaming the active mgredient m the range of about 0 5% to about 10% (w/w),
preferably about 1% to about 2% Oral vehicles melude such normally employed excipients as,
for example, pharmaceutical grades of manmtol, lactose, starch, magnesium, stearate, sodium
sacchanmn cellulose, magnesium carbonate, and the like These oral vaccme compositions may
be taloen 1n the form of solutions, suspensions, tablets, pills, capsules, sustained releass
formulations, or powders, and contam from about 10% to about 95% of the active mgredient,
preferably about 25% to about 70%

Iniranasal formulations will usually mclude vehicles that nerther cause irmtation to the
nasal mucosa nor mgmficantly distih cilizry fimetion. Diluents such as water, aqueous saline
or other known substances can be employed with the subject mvention. The nasal formulations
may also contam preservatives such as, but not hmited to, chlorobutanol and benzalkomum,
chloride. A surfactant may be present to enhance sbsorption of the subject protemns by the nasal
mucosa.

Controlled or sustamed release forrrmistions are made by mcorporatmg the proten mto
camers or vehicles such as posomes, nonregorbable mpermeable polymers such as
ethylenevinyl acetate copolymers and Hytrel® copolymers, swellable polymers such s
hydrogels, or resorbable polymers such es collagen and certam polyacids or polyesters such as
those used to make resorbable sutures The chrueric GapC plasmin-bmding protems can also be
delivered using mmplanted mimi-pumps, well known 1n the art.

The chimenc GapC plasmin-binding protems of the mnstant mvention can also be
admumstered via a carner virus which expresses the same. Camer viruses which will find use
with the mstant mvention mclude but are not hrmted to the vaccima and other pox viruses,
adepgovimus, and herpes virus By way of example, vaccinia virus recombinants expressmg the
novel protems cen be constructed as follows The DNA encoding the particular protein 1s first
mgerted mto an appropnate vector so that 1t 1s adjacent to a vaccima promoter and flanking
vaccmia DNA sequences, such as the sequence encoding thymdine komase (TK) This vector 18
then used to transfect cells which are simultanegusly infected with vaccima. Homologous
recombmaton serves to msert the vaccuma promoter plus the gene encoding the instant protein
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mto the viral genome The resulting TK recombinant can be selected by culturing the cells m
the presence of 5-bromodeoxyundine and piclang viral plaques remistant thereto

An alternative route of admmistration mvolves gene therapy or nucleic acid
immumzation. Thus, nucleotide sequences (and accompanying regulatory elements) encoding
the subject chumenc GapC plasmm-bindmg proteins can be admmstered directly to a subject for
m vivo translation thereof Alternatively, gene tramsfer can be accomplished by transfecting the
subject's cells or tissues ex vivo and remtroducing the transformed matenal into the host. DNA
can be directly mntroduced mto the host orgamsm, Le., by myection (see Intemational Publication
No W0/90/11092, and Wolil et al. (1990) Science 247 1465-1468) Liposome-mediated gene
transfer can also be accomplished using known methods See, ¢.g., Hazinsk et al. (1991) Am. J
Resprr Cell Mol Bul 4 206-209, Bngham et al. (1989) Am. J Med. Sc1. 298 278-281,
Canomco et al (1991) Clm. Res 39 219A, and Nabel et al. (1990) Sczence 249 1285-1288
Targetmg agents, such as antibodies directed agamst surface anhgens expressed on specific cell
types, can be covalently conjugated to the hposormal surface so that the nucleic acid can be
dehivered to specific hissues and cells susceptible to infechion

Disguostic Assave

As explamed above, the chimenc GapC plasmin-bmdmg proteins of the present
mvenhon mey also be used as diagnostics to detect the presence of reactive antibodies of
streptococcus, for example §' dysgalactiae, m a biological sample 1n order to determune the
presence of streptococcus mfection. For example, the prescnce of anttbodies reactive with
chimenic GapC plasmm-binding proteins can be detected nsing standard electrophoretic and
mnmunodiagnoshc techmques, including mmmunoassays such as competition, direct reaction, or
sandwich type assays Such assays mclude, but are not hirmited to, Western blots, agglutination
tests, enzyme-labeled and mediated immunoassays, such ag ELISAs, biotin/avidin type assays;
radioymmunoassays, unmunoelectrophoresis, immimopreciptation, etc  The reactions generally
mclude revealing labels such as fluorescent, chemilummescent, radiocactive, enzymatic labels or
dye molecules, or other methods for detectmg the formation of a complex between the antigen
and the antibody or antibodies reacted therewith.
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The aforementioned assays generally mvolve seperation of unbound antibody 1 a liqud
phase from a sohd phase support to which antigen-antibody complexes are bound. Solid
supports which can be used m the prachce of the invention include substrates such as
nrtroceiluloss (e g , In membrane or microtiter well form), polyvinylchlonde (e g., sheets or
microtter wells), polystyrens latex (e g , beads or microtiter piates), polyvinybhdme fluonde,
crezotized paper; nylon membranes, activated beads, magnetically responsive beads, and the
like

Typically, & solid support 1s first reacted with a solid phase component (e g , one or more
chmeric GapC plasmin-bmdmg protems) under surtable bmding condrhions such that the
component 18 sufficiently immobihzed to the support. Sometmmes, immobihzation of the
antigen to the support can be enhanced by first couphng the antigen to a protem with better
bmding properties. Suitable coupling protems mnclude, but are not limited to, macromolecules
such as serum afbumins mncluding bovine serum albumin (BSA), keyhole hmpet hemocyanm,
mmrmnoglobulin molecules, thyroglobuln, ovalbormmn, and other protems well known to those
gkilled m the art. Other molecules that can be used to bind the antigens to the support mclude
polysacchandes, polylachc acids, polyglycohe acids, polymenc ammo acids, ammo acid
copolymers, and the hke 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., Brmkley, M.A.
Bioconjugate Chem. (1992) 3 2-13, Hasinda et al, .J Appl Biochem. (1984) § 56-63, and
Amjaneyuln and Staros, International J of Peptide and Protein Res (1987) 30 117-124

After reacting the solid support with the sohd phase component, amy non-mmobilized
solid-phase components are removed from the support by washing, and the support-bound
component 1s then contected with a brological sample suspected of contarming hgand moiehes
(e.g , emtibodies toward the immobilized antigens) under smtable binding condinons  After
washmg o remove any non-bound hgand, a secondary binder moiety 1s added under smteble
binding condrhons, wherein the secondary binder 1s capable of associating selecavely with the
bound hgand. The presence of the secondary binder can then be detected usmg techmques weil
known m the art.

More particularly, an ELISA method can be used, wheremn the wells of a microtiter plate
are coated with a chumeric GapC plasmm-bindmg protemn A biological sample containng or
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suspected of contamning anh-chumenc GapC plasimin-bimnding protem immunoglobulin molecules
15 then added to the coated wells. After a peniod of mncubahion sufficient to allow antibody
bmdmng to the :immobihzed antigen, the plate(s) can be washed to remove unbound moieties and
a detectably labeled secondary binding molecule added The secondary binding molecule 1s
alipwed to react with any captured sample antibodies, the plate washed and the presence of the
secondary bmding molecule detected using methods well known m the art.

Thus, m one particular embodiment, the presence of bound anti-chmenc GapC plasaun-
binding antigen hgands from a biological sample can be readily detected using a secondary
bmder comprnising an antibody directed against the antibody hgands A number of anti-bovine
1mmynoglobulin (Ig) molecules are known m the axt which can be readily conjugated to a
detectable enzyme label, such as horseradish peroxadase, alkahine phosphatase or urease, using
methods known to those of siall m the art. An sppropnate enzyme substrate 15 then used to
generate a detectable signal In other related embodiments, compettive-type ELISA techmiques
can be prachced using methods known to those sialled in the art.

Assays can also be conducted m solution, such that the chimenc GapC plasmun-binding
proteins and antibodies specific for those protems form complexes under precipitabmg
condiions In one particular embodiment, chimeric GapC plasmin-binding protemns can be
attached to a sohd phase particle (e.g., 2n agarose bead or the like) using coupling techniques
known m the art, such as by direct chemical or indirect coupling The antigen-coated particle 18
then contacted under surtable binding conditions with a biological sample suspectad of
contumng anhbodies for the chimeric GepC plagrmin-bmding protemns Cross-hrking between
bound anhbodies causes the formation of particle-anhgen-antibody complex aggregates which
can be precipitated and separated from the sample using washmg and/or centrifugaunon. The
reaction mrxture can be analyzed to determine the presence or absence of antbody-anhgen
complexes usmg auy of a number of standard methods, such as those immunodiagnostic
methods described above

In yet a further embodiment, an immuncaffinity matnx can be provided, wherem a
polyclanal population of antibodies from a biological sample suspected of contaimng anti-
clumenc GapC plasmun-bmding molecules 1s immobilized to a substrate In this regard, an
mutial effimty punfication of the sample can be carned out using immobihized antigeas The
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resultant sample preparation will thus only contain anh-streptococcus mozeties, avoiding
potential nonspecific bmding properties mn the affimty support A pumber of methods of
mmmobihzng mununoglobubns (either miact or m specific fragments) at high yield and good
retention of antigen binding activity ars known m the art. Not being linrited by any parhcular
method, immobihized protem A or protem G can be used to mumobihze immunoglobulms

Accordmgly, once ths mmmmmoglobulm molecules have been mumobilized to provide 2n
mmumoaffimity matnx, labeled ciimenc GapC plasmin-bmding proteins are contacted with the
bound antibodies under smtabls binding conditions After any non-specifically bound antigen
has been washed from the tmmimoaffimty support, the presence of bound antigen can be
determmed by assaying for label using methods known in the art.

Additionally, antibodies raised to the chimeric GapC plasmin-binding proteins, rather
then the chrmenc GapC plasmm-binding protems themselves, can be used m the above-
described assays m order to detect the presence of antibodies to the protems m a given sample
These assays are performed essenhaily as described sbove and are well known to those of skill
m the art.

The above-described assay reagents, meluding the chrmenc GapC plasmm-bmding
protems, or antibodies thereto, can be provided m kits, with suitable mstructions and other
necessary reagents, i order to conduct immunoassays as described above The kat can also
contam, dependmg on the parheular immmumoassay used, smtable labels snd other packaged
reagents and matenials (Le wash buffers and the like). Stendsrd immunoassays, such as those
described above, can be condncted using these kits.

Amencan Type Culture Collection, 10801 Umversrty Boulevard, Manassas, Virginia, under the
provisians of the Budapest Treaty The eccession number mdicated was assigned after
successful viability testing, and the requisite fecs were paid. The designated deposits will be
mamtamed for a period of thurty (30) years from the date of deposit, or for five (5) years after the
last request for the deposit, whichever 1s longer Should a culture become nonviable or be
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madvertently destroyed, or, n the case of plasmid-containmg strains, lose 1ts plasmid, 1t will be
replaced with a viable culture(s) of the same taxonomuc descniption.
Should there be a discrepancy between the sequence presented 1n the present application
and the sequence of the gene of mterest m the deposited plasrmd due to routme sequencimng
5  errors, the sequence m the deposited plasmmd controls

Bacterial Strain  Plasmid Deposit Date ATCC No.
XLIBlueMRF  pPolyGap 1 May 31, 2000 PTA-1981
XLIBleMRF  pPolyGap 2 May 31, 2000 PTA-1974

10  XLIBlueMRF pPolyGap3 May 31, 2000 PTA-1979
XLIBleMRF  pPolyGap 4 May 31, 2000 PTA-1980
XLIBlue MRF  polygaps May 31, 2000 PTA-1978

Below are examples of specific embodmments for carrying out the present mvention The
15  examples are offered for 1llustrahive purposes only, and are not mtended to hmt the scope of the
present mventon m any way
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C Expenmenta]

Preqnaranon of Choromosomal DINA

A climcal §' dysgalactiae 18olate from a case of bovine mashiis (ATCC Accession No
ATCC43078) wes obtamed from the American Type Culture Collection (10801 Umversity
Boulevard, Manassas, VA 20110-2209), and was used as 2 source of DNA. The orgamism was
routmely grown on TSA sheep blood agar plates (PML Microbiologicals, Mississauga, Ontario)
at 37° C for 18 hours, or n Todd-Hewatt broth (Oxoid Ltd., Hampshire, England) supplemented
with 0 3% yeast extract (THB-YE) at 37° C, 5% CO,.

Chromosomal DNA was prepared from §' dysgalactiae grown 1n 100 ml of THB-YE
supplemented with 20 mM glycme for approximately 6 hours, until an A, of 0.8 to 1 0 was
reached. Cells were harvested and re-suspended 1n 50 mM EDTA, 50 mM Tns-HCI, 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 mutanolysm (100 mg/ml) (all enzymes purchased from
SIGMA, St. Lows, MO) Followmg bacterial lysis for 30 mmutes at 37° C with vigorous
shaking, guamdme hydrochloride and Tween-2®, pH 5.5, were mixed with the lysate to give a
final concentration of 0 8 M and 5%, respectively. This mixture was mcubated at 50° C for 30
mmmtes. The chromosomal DNA was then punfied usmg a Quagen genomic-tp 100g (Quagen,
Saenta Clarita, Cahforma) and precipitated using 0 7 volumes of 1sopropanol. The resulting
pellet was washed m 70% ethanol end re-suspended m 0 5 ml 10 mM Tns-HC), pH 8 8

Chromosomal DNA from §. agalactiae, S ubens and, S. parauberts was 1solated
essentially as described ebove, from strains designated ATCC 27541, 9927, and 13386,
respechively Chromosomal DNA from S' miae was also 1solated as above from a strain
designated 9117 obtamed from Mount Sma1 Hospital, Umversity of Toronto, Canada.
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The polynucleotide sequences encoding GapC from § dysgalactiae, S ubers, S.
parauberts, §. agalactae snd S. rmae were mitally 1solated from chromosomal DNA by PCR
amphfication. The pnmers used to PCR-amphfy the gapC genes from all species were gapCl
(SEQ ID NO 1) and gapClr (SEQ ID NO 2), shown 1n Table 1. In the teble, underhning
denotes nucleot:des added to the ongmal sequences (i.e, nucleotides added to the 5' end of the
origmal sense strand sequence and to the 3' end of the ariginal anti-sense strand sequence,
respectively, of the gapC coding region bemg amphified ), and bolding mdicates the location of
restriction endonuclease recognition sites.

PCR was carmied out usmg Vent DNA polymerase (New England Biolabs, Mississauga,
ON, Canada) A reaction mixture comamng 0 2 pg of genomic DNA, 1pM of each of the
precedmg primers, 100 pM each of dATP, dTTF, dCTP and dGTP, 10mM Tris HCL, pHS,

1 SmM MgCl, , 50mM HCL, 1 5 umts Taq DNA polymerase (Pharmacia, Quebec, Canada) was
mcubated for 40 amphfication cycles of 40 seconda at 94°C, 40 seconds at 55°C, and 1 mmute,
20 seconds at 72°C, and then for a smgle cycle of 10 munmtes at 72°C

The resulting PCR reaction products were then digested with Ndel and BamHI In the
case of the § dysgalactiae gapC product, the fragment was cloned directly into the same sites of
pET15b (Novagen, Madison, Wisconsm) after the plasmud was digested with the same enzymes
The resnltmg construct was denommated pET15bgapC In the case of the S’ agalactize, §
uberis, S parauberu and S 1mae sequences, each was first cloned into pPCR-Scnipt using the
clommng protocol described m the PCR-Scnpt Amp Clommng Kit (Stratagene, La Jolla
Cahformia), subsequently excised using Ndel and BamHI, and finally re-cloned :ato the
correspondmg sites of pET15b using conventronal cloning protocols (see & g, Sambrook et al ,
supra)

The plesmuds contamning the § agalactige, S uberis, S parauberis and S tnuae
sequences were designated pMF521c-1nv, pMF521a-mv, pMF521d-mv, and pMF521e-1av,

respectively
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Tabis 1 Sequence Identification Numbers and Correspondmng Nucleotide and Amimno Acid

Sequences
SEQID | Name Nucleotide Seqnence (5" to 37
N .
gapC! GG CGG CAG CAT ATG GTA GTIT AAA GTT GGT ATT
AAC QO
gapClr grgcggAMTrATTTAGCGATmTGCMAGTA
Gap-1 AAA AAA GGA TCC GGT ATG GTA QIT AAA GIT GG
Gap-2 AAA AAA CCA TGG TTA CTC GAG TGC TTC CAG AAC
QAT TTC
Gap-3 AAA AAA CTC GAG GGT ACT GTA GAA GIT AAA O
Gap-4 AAA AAA CCA TGG TTA ATC GAT TTC AAG AAC OAT
TTC AAC ACCGTC
Gap-5 QMMAA'ICGATGGTACI'GITGMG'ITMAGM
Qap-6 AAA AAA CCA TGG TTA ACT AGT TGC TTIC AAQ AAC
GAT TIC TACGCC
Gap-7 &MMAACI‘AGI'TICTITGCI‘AMMAGMGCT
Gap-8 AAA AAA CCA TGG CTA TTA TTT AGC GAT TTT TGC
AAA ATA CIC
Streptococeus dysgalaction
gapC gene (see Figare 1)
Streptococcus dysgalactias
GapC protem
Streptococous agalactios
gapC gene (von Figore 2)
see Figore
Streptococcus agalactice
GapC protem
Streptococcus uberis
£apC gene (s00 o 3)
see Figure
Streptococcus uberis
GapC protem
Streptococcus parauberis
gapC gene Fure 4
ses Figure
Streptococeus paraubers ¢ )
GapC protem
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Streplococcus miae )
$pC o F 5
Strepiococcus imae (see Figure 3)
GeapC protem
Gep4 chanenc gapC gene (o 9

see Figure
Gap4 chumenic GapC protem
EXAMPLE 3
Sequencipg of gapC genes

The genes 150lated and cloned m the precedmg examples were sequenced usmg
fluorescence tag termmators on an ABI 373 DNA automatc sequencer (Applied Biosystems,
Emeryville, Califorma) at the Plant Biotecimology Institute (PBI, Saskatoon, Saskatchewen,
Canada)

The nuclectide sequences 5o deterrmned, and the corresponding ammo acid sequences
deduced therefrom, are shown m Figures 1 through 5.

EXAMPLE 4
Construction of 3 Chimenc gapC Gene

A chmmeric gapC gene composed of sequences from ' dysgalactiae, § parauberis, and
S agalactiae was constructed 1n a three-step process using pAAS556, a standard zac-mducible
expression plasrud denived from the plasmd pGHA432 that contamns the signal sequence from the
E Coli ompF gene

The partial gapC gene sequences used to construct the chimenc gene were prepared by
PCR amphfication of selected polynucleotide sequences from the genomic gapC genes 1solated
above, using the prrmers Gap-1 through Gap-8 The pnmer sequences are depicted m Table 1

After assembly, the chimenic gene, sans the ompF signal sequence, was then excised
from pAA556 and mserted 1nto the plasmid pAAS5S5S, a pGH432 derrvative that 1s a standard
tac-mnducible expression plasmid contaiming the signal sequence from the £ colt ompF gene

SUBSTITUTE SHEET (RULE 26)

- e A e ——— el Gyt

-



10

15

20

25

30

W 0156379 PCT/CA0L/00836

A, Construction of pPolyGan.l

In the first step, the first 288 bases of the S. dysgalactias gapC gene were PCR amplified
uzing the pnmers Gap-1 and Gap-2.

PCR amplification was camed out as follows: 1 6 ug of template DNA was combined 1n
2 reachon mixture containmg 20 pM each of proner Gap-1 (SEQ ID NO 1) and Gap-2 (SEQ ID
NO.2), 200 um each of dATP, dCTP, dGTP and dTTP, 2.5mM MgSO,, PCR Buffer (10 mM
Tns-HC, pH 8 3, 50 oM KCI), and 1 wmt Tag DNA polymerase (Pharmacia, Quebec, Canada)
The mrx was amplified for 1 cycle of 1 muuts et 95°C, then for 29 cycles of 1 minutes at 95°C,
1 mumite at 55°C, and 30 seconds at 72°C, and finally for 1 cycle of 10 mnutes at 4°C

The amphfication product was then digested with BamHT and Neol and mserted mnto the
same sites of an pAASS56 vector The resutting plasrmid construct, designated pPolyGap 1, is
llustrated m Figure 21

B. Constmction of pPolyGap.2

A PCR product representing bases 170-285 of the § parauberis gapC gene was then
obtamed using the primers Gap-3 (SEQ ID NO 5) and Gap-4 (SEQ ID NO 6) This product
codes for an ammo acid sequence identical to the corresponding ammo acid sequence found 1n
the §. ubens gapC gene. PCR amphfication was carried out essenhally as sbove, except usmg 2
ug of template DNA.

The § parauberts PCR product zud the pPolyGaplplastmd were both digested wath
Xhol and Ncol, and the PCR product was higated mto the corresponding sites m the vector
Thus construct, called pPolyGap.2, 18 illustrated m Figure 22

C  Constotion of pPolyGap.3

Nucleotides 166-288 of the § agalactiae gapC gene were amplhfied usmg PCR primers
Gap-5 (SEQ ID NO 7) and Gap-6 (SEQ ID NO.8) as 1n Example 4B above

The PCR product obtained was digested with Clal and Neol, then mserted nto the same
sites of pPolyGep2 immediately downstream of the § parauberis sequence pPolyGap3 1s
diagramed m Figure 23
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D. Construction of pPolvGap.4 }

The final step m constructing the chimenc gene mvolved the mserhon of the remaming
S dysgalacnae gapC sequence (nucleotides 295-1011) in-frame and rmmediately downstream of
the § agalaciize sequence

The S. dysgalactiae sequence was first PCR amplhified using the pnnmem Gap-7 (SEQ ID
NO 9) and Gap-8 (SEQ ID NO 10) as in Example 4A above The amphfication product was
then digested with the enzyme GamHi/Ncol, as was the pPolyGap 3 vector, and the fragment
way then ligated into the correspondmg vector sites

Ths final step resulted 1n the plasmud pPolyGeap 4 contaming the complete gapC
chimenic gene construct compnismg an § dysgalactiae gapC backbone with umque sequences
from § paraber:s as well as S. agalactiae. See Figure 24,

by digestion with BamH ! and Ncol and mserted mto the plasmuid pAASS55 digested with the
same enzymes pAA5S535 1s identica] to pAAS556 except that the former plasoud contans the
LipoF signal sequence, and provides for the addition of a cysteme at the amino termimal end of
the mature GapC protemm The N-terminal cysteme was added to msure the chumenic protent’s
efficient secretion of from the cell and binding to the membrane via the hpid-moiety The
coding sequence of the PolyGap4 plasmid construct 18 shown mn Figure 25

and Scofield (1995) BioTechnigues18.1023-1026)

The transformed cells carrymg pPolyGap+ are grown to loganthmic phase m LB med:a
at 37°C with shakmg Expression of the cimenc GapC protem 1s then mduced by adding IPTG
to a final concentration of lmM and mcubating the cells at 37°C for an additional 4 hours
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The chimeric GapC protem 1s then extracted from the cell surface by differential
solubthzation. The cells are collected by centnifugation and re-suspended 1n a volume of
resuspension buffer (0 85% NaCl solution containing 0.6% sarkosyl) equal to 1/10th the original
culture vohmme The suspension 18 mcubated at room temperature for 30 minutes with gentle
ghalong The cells are collected by centnfuation and the supernatant contaimng the chimeric
GapC protemn 1s passed through a 0.2 zm membrame filter Ahquots of the stenle supernatant
are analyzed by SDS-PAGE and Western blots using a rabbit anti-GepC polyclonal antibody

L)
[EAE NI LI SR UTY PRERNTFAS AN FALY d q!riu‘-}! FaLL LFR LR A L]

Vaccines were formulated m such a fashion that they contamed 100 zg/ml of punfied
chimenc GapC protemn m the o1l-based adjuvant VSA3 (VIDO, Saskatoon, Saskatchewan,
Cmnada) VSA3 15 a combmation of Emulsigen Plus™ (MVP Laborsatories, Ralston, Nebraska)
and dimethyldioctadecyl ammonum bromude (Kodak, Rochester, New York)

Non-lactating Holstemn cows with no history of S. dysgalactiae mfechon are obtamned.
Two weeks prior to vaccination, all animals are treated wrth 300 mg of Cephapirn per quarter
(Cepha-dry™, Ayerst Laboratones, Montreal, Canada), m order to resolve any pre-exasting
wider mfechon prior to the vaccmation step

Groups of expenmental ammals are mmumzed subenteneously with two doses of
vaccines containing the chimenc GapC protem or a placebo with a three-week mterval between
mmumzahons Ten days to two weeks followmg the second mmunization, animals are
exposed to 500-1,000 colony formmg umts of S. dysgalactiae dehivered mto three quarters with
&n udder infusion carmula. The fourth quarter on each ammal serves as an wn-mfectrve control

All emmals are examined daily for chmcal signs of disease and samples from all udder
quarters are collected on each day Samples are observed for comsistency and antibody titre,
somstic cell counts, and bacterial numbers are determuned.
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GapC-specific antibodies 1 bovine serum are measured using an enzyme-linked
immmunosorbent assay (ELISA) Bnefly, mucrotitre plates (NUNC, Naperville, llhinois) are
cozted by adding 0 1 mucrogram per well punfied chumenc protem m 50mM sodium carbonate
buffer , pH 9 6, incubated overmght at 4° C  The hquid 15 removed and the wells are blocked
with 3% bovine serum albumr for 1 br at 37° C. Senal dilutrans of bovine serum (from 1 4to
1 64,000) are added to the wells and mcubaied for 2 hours at room temperature The wells are
aspirated, washed and imcubated with 100 u! of alkalme phosphatase-conjugated goat ant-
bovine IgG (Kukgaard & Pery Laboratones Inc , Gmithersburg, Maryland) for 1 br at room
temperature The wells are washed agam, and 100 4l of p-mtrophenol phosphate (Sigma, St.
Lows, Missoun) 18 added as a substrate to detect alkaline phosphatage acttvity The absorbance
at 405 nanometers 15 recorded followmg 1 br incubation with the substrate at room temperature.

EXAMPLE 8
Bactenal Colomzation

Bactena are enumerated by spreading senal dilrions (10° to 10) durectly onto TSA
sheep blood agar plates followed by overnighbt mncubation at 37°C, 5% CO, Colomzaton 1s
defined as >500 cfu/ml of the challenge orgamsm recovered.

To confirm that the bactena recovered from milk secretions are § dysgualactiae, selected
colomes recovered from each anmal are tested using an API strep-20 test (bioMertenx SA,
Hazelwood, Missouri) accordmg to the manufacturer’s mstructions. Thus test identifies
Streptococcus species accordmg to an analytical profile compiled on the basts of enzymatic
activity and sugar fermentshon, usmg either an analytical profile index or 1denhfication
software

The relahonship between anh-GapC titer and bactenal colomzation 1s also detenmined

EXAMPLE 9
D on of e

Inflammatory response 13 measured as a funchon of mammary gland sometic cell count
1 &, lymphocytes, nentrophils, and monocytes) Somate cell counts are measured usmg
standard techmques recommended by Agrniculture and AgnFood Canada (IDF50B:(1985) Milk
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and Milk Products—Methods of Samphng m a Coulter counter). Samples are reed withm 43
hours of collection and fixation, at days 1 through 7 post challenge

The numbers of somatic cells present m the gland are determmed on each day post
challenge

Ll L) L

Although preferred embodiments of the subject mvention have been described m some detail, 1t
15 understood that obvious vaniations can be made wrthout departing from the spmt and the
scope of the mvention as defined by the appended claxms
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claimed 15

1 A multiple epitope fusion polypephde comprsing the general structurel formula (I)
(A)~(B)—(C), )
wherem
(D 13 2 hmeer ammo acid sequence,
B compnses an amino acid sequence contarmng at least five ammo acids which ammmno
acids correspond to an antigenic determmant of a GapC protem,
A and C each comprise an amino acid sequence that 1s
(1) dufferent from B,
(1) dufferent from the other, and
(1n) an amuno acid sequence containng at least five apmno acids, which ammo
acid sequence corresponds to an antigenic determunant of a GapC protem wherem said
anhgenic determunant 1s not adjacent to B m nature,
y 18 an mteger of 1 or more, and
x and z are each :ndependently mtegers wherem x + z 1s 1 or more

2. The multiple epitope fusion polypeptide of claxm 1, further compnsmg a signal

sequence

3 The multiple epitope fusion polypeptide of claim 1, further compnismng a
transmembrane sequence.

4 The multiple epitope fusion polypeptide of clamm 1, wherem A, B, and/or C are hnked
by one or more spacer sequences, wheremn said spacers

(1) are ammo acid sequences of from 1 to 1,000 ammo acids, mclusive,

(1) can be the same or different as A, B, or C, and

(1) can be the same or different as each other
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5 The multiple epitope fusion polypeptide of clam 1, wheremn A, B, and C each
compnise epitopes from one or more species of bacteria.

6 The multiple epriope fusion polypeptde of clamm 5, wherem A, B, and C each
compriae spitopes from one or more bactenal species of the genus Streptococeus

7. The multple epriope fusion polypeptide of claim 6, wheremn A, B, and C each
compnase epitopes from one or more bactenal speciea selected from the group conmstmg of
Streptococeus dysgulactiae, Streptococcus agalachas, Sireptococcus uberts, Streptococcus
parauberts, zud Streptococcus wuae.

8. The mulhple epitope fumon polypeptids of clatm 7, wherem A, B, end C each
comprise amno acid sequences selected from the group consisting of

() the armuno acid sequences shown at about ammo acid positions 61 to 81, inclusive, of
Figures 1 through 5, or any ammo acid sequence having at least about 80% 1dennty thereto,

(b) the amino acid sequences shown at about amino acid positions 102 to 112, mclusive,
of Figures 1 through 5, or any amino acid sequence having at least about 80% 1dentity theretn,

(c) the anmno acid sequences shown at sbout smino acid positions 165 to 172, mclusive,
of Figures 1 through 5, or any ammo acid sequence havmg at least about 80% idenhty thereto,

(d) the amuno acid sequences shown at about ammo acid positions 248 to 271, mclusive,
of Figures through 5, or mmy amino acid sequence having at leagt shout 80% 1dentity thereto, end

(¢) the ammo acad sequences shown at abont amino acid positions 286 to 305, mclusive,
of Figures | through 5, or any ammno acid sequence havmg at least about 80% 1dentity thereto

9 The multiple epitope fusion polypeptide of clamm 8, compnsing the armno acid
sequence depicted in Figure 6 (SEQ ID NO-22)

10 A polynucleotide sequence encodmg a muliiple epitope fusion polypeptide sequence
of any of clmms 1-9, or compliments thereof
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11 A recombmant vector compnsing

(2) the 130lated polynucleotide of clarm 10; and

(b) at least one control element operably lmked to said 1solated polynucleotide, whereby
said coding sequence can be transcribed and translated m a host cell

12 A host cell compnsing the recombimant vector of clarm 11

13 A method for prodncmg a multiple epitope fusion polypeptide, said method
compnising culiunng the cells of clam 12 under conditions for producing said polypephde.

14 A vaccine composihon compnsing a pharmaceutically acceptable vehicle and a
multiple epitope fusion polypephde according to any of claims 1-9

15 The vaccme composrtion of clamm 14, further compnsing an adjuvant.

16 A method of producing a vaccine composition comipnising the steps of
(1) providing a multrple eprtope fusion polypeptidé according to any of claums 1-9, and
(2) combumng said polypeptide with a pharmaceutically acceptabie velcle

17 Antibodies directed agamst a multiple epitope fusion polypepude according to any
of claims 1-9

18. The antibodies of claim 17, wherean sawd anhbodies are polyclonal
19. The antbodies of clam 17, wherem said anhbodies are monoclonal
20 An mmunodiagnostec test kit for detectng Streprococcus infection, said test kat

comprismg a multiple epitope fusion polypeptide according to any of claims 1-9, and
mstructions for conducting the immunodiagnostic test.
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21 Use of a muitiple epitope fusion polypeptide accarding to any of clams 1-9 for the
manyfacture of a vaccme composition useful for treating or prevenhng a bactenal infection m a
vextebrais snbject.

22 The use of clarm 21, wheremn saxd bacierial mfection 1s a streptococcal mfection

23. The use of claxm 21, wheremn said bactenal infechion causes mastitis

24 Use of a polymucleotide accordmg to claxm 10 for the manufacture of a medicament
useful for treating or preventng a bactenal mfection in 2 vertebrate subject

25. The use of claim 24, wheremn sad bacterial mfechon 13 a streptococeal infection.

26 The use of claun 24, wherem said bactenal infection canses mastitis

27 A method of treating or preventing a bacterial mfection in a vertebrate subject
comprising admmstermg to smd subject a therapeutically effective amount of a vaccine
composition according to either of claims 14 or 15

28 The method of clamm 27, wheren smd bactenasl mfection 15 a streptococcal mfectan

29 The method of claxm 27, wherem sard bactenal infechon causes masutis

30 A method of treating or preventmg a bactenal mfection 1n a vertebrate subject
compnamg admmistering to smd subject a therapentically effective amount of a polynucleotide
accorthng to claym 10

31 The method of claim 30, wherem said bacterial mfection 1s 2 streptococcal mfection

32 The method of claim 30, wherem said bactenal infechon causes masutis
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33 A method of detecting Strepfococcus antibodies m a biological sample, compnsmg

(a) reacting smd biological sample with 2 multiple eprtope fusion polypeptide under
condittons which allow said Streprococcus antibodies, when present m the biological sample, to
bmd to said sequence to form ap anhibody/antigen complex; and

(b) detectmg the presence or absence of said complex, and thereby detecting the

5
presence or absence of Streptococcus antibodies m sad sample

34 A method of detecting Streptococcus antibodies m a biological sample, compnstog
(a) reactmg said biological sample with a multple epitope fusion polypeptde according

to any of clams 1-9, under condshons which allow said Streptococcus antibodies, when present
1n the biological sample, to bind to sad sequence to form an antibody/antigen complex, and
(b) detecting the presence or absence of saud complex, and thereby detecting the

presence or absence of Streplococcus antibodies 1 smd sample.
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atg gta gtt
Met Val val
1

gca ttc cgt
Ala Phe Arg

aac gac ctt

as

aca act caa
50

ttt gaa gta

Phe GIu Val

gaa aac atc
Glu Asn Ile

act ggt ttco
Thr Gly Phe

aac
Asn Gly Ala
115

aca gtt
130

gtt atc
val Ile

gct aaa get
Ala s Ala

aca atc cac
Thr Ile His

cgt ggt ggt

1/38 _
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aaa gtt ggt att aac ggt ttc ggt cgt atc gga ogt ctt
Lys Val Gly Ila Asn Gly Fhe Gly Arg Ile Gly Axg Leu

5 10

15

ogt att caa aat gtt gaa ggt gtt gaargta act cgt ate
Arg Ile Gln Asn Val Glu Gly Val Glu Val Thr Arg Ile

20 a5 ao

aca gat cca aac atg ctt geoca cac ttg ttg asa tac gat
Thxr Asp Fro Asn Mot Leu Ala His Leu Leu Lys Tyr Asp

40 45

gga cgt ttt gac gga act gtt gas gtt zaa gaa ggt gga

Uly Arg Fhe Asp Gly Thr Val Glu Val Lys Glu
55 60

aac gga aac ttc atc aaa gtt tct get gaa eyt
Asn Gly Asn Phe Ile Lys Val Ser Ala Glu Arg
70 75
ggt

gac tgg qca act gac gtt gaa atec gtt ctyg
Asp Trp Ala Thr Asp Gly Val Glu Ile Val Leu
as S0

ttt gct aaa aaa gaa got goct gaa aaa cac tta
Phe Ala Lys Lys Glu Ala Als Glu Lys His Leu
100 105 110

aaa aaa gtt gtt atc aca gct cct gqgt gga aac
Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asn
130 125

gtt ttc aac act aac cac gac att ctt gac ggt
Val Phe Asn Thr Asn Eis Asp Ile Leu Asp Gly
135 140

tca ggt get tca tgt act aca sac tgt tta got
Ser Qly Ala SEer Cys Thr Thr Asn Cys Leu Ala
150 155

ctt cac gat gea ttt ggt atc caa aaa ggt ctt
Len Hig Asp Ala Phe Gly Ile Gln Lys Gly Leu
165 170

get tat act ggt gac caa atg atc ctt gac gga
Ala Tyr Thr Gly Asgp Gln Met Ile Leu Asp Gly
180 185 180

gac ctt cgt cgt got egt gect ggt goct goa aac

Arg @ly Gly Asp Leu Argy Axg Ala Arg Ala Gly Ala Ala Aem

185

200 2845

FIG. 1A

SUBSTITUTE SHEET (RULE 26}

aly

gat
Asp

gaa
aGlu
95

cat
His

gac
Asp

act

cct

atg
Met
175

cca
Pro

att
Ile

Gly

cca
8o
geoa

Ala

get
Ala

gtt

gaa
Qlu

atg
Met
160

act

cac
His

gtt
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144

192

240

338

384
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cct aaxc tca act ggt got got ama geot ate ggt ctt gtt atc ceca gaa 672
Pro Asn Ser Thr Gly Ala Ala Lys Ala Ile Qly Leu Val Ile Pxo Glu
a14 415 220

ttg aat gqgt aas ctt gat ggt got goa caa cgt gqtt cct gttt cca act 740
Ireu Asn Gly Lys Leu Asp Gly Ala Ala Gla Axy Val Pro Val Pro Thr
235 230 218§ 240

gga tea gta act gag tty gtt gta act ctt gat aaa sac gtk tet gttt 768
Gly Ber Val Thr Glu Leu Val Val Thr Leu Aap Lya Asn Val 8Ser Val
245 a50 255

gac gaa atc aac gct gcoct atg aaa goct got tca aac gac agt ttec ggt 816
Asp 01u Ile Asn Ala Ala Met Lys Ala Ala Ber Asn Asp Ser Pha Gly
260 265 270

tac act gaa gat cca att gtt tect tea gat atc gta gge gtg teca tac 864
Tyr Thr Glu Asp Pro Ile Val Ser Sex Asp Ile Val Gly Val Ser Tyr
275 280 285

ggt tca ttg ttt gac goa act caa act asa gtt atg gaa gtt gac gga 912
Gly Ser Leu Phe Asp Ale Thr Glo Thr Lym Val Met Glu Val Asp Gly
294 295 io0

tca caa ttg gtt aaa gtt gta tca tgg tat gac sat gma atg tct tac 960
fer Gln leu Val Lys Val Val Ser Trp Tyr Asp Asn Glu Met Ser Tyt

305 alo a1s 320

act gct caa ctt gtt cgt aca ctt gag tac ttt gcoa aaa atec gct aaa 1003
Thr Ala Gln Leu Val Arg Thr I.eu Glu Tyr Phe Rla Lys Ile Ala Lys

32s 330 3as

tan 1011

FIG. 1B
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atyg gta gqtt gtt ggt att aac ggt ttc ggt cgt ate ggt cgt ctt 48

Mat Va) Vval

Val Gly Ile Asn Gly Phe Gly Arg Ile Gly Axg Len
5 10 15

Cc caa aac gta gaa ggt gtt gasm gtt act cgt atc 96
e @Gla Asn Val Glu Gly Val Glu Val Thr Arg Ile
0 25 30

mac gac ctt aca gut cca azc atg ctt goa cac ttg ttg aaa tat gac 144
Asp Pro Amm Met Leu Ala His Leu Leu Lys Tyr Asp
40 45

cgt ttc gac ggt act gtt gaa gtt aaa gaa ggt gga 192
Thr Thr Gln Gly Arg Phe Asp Gly Thr Vval Glu Val Lys Glu Gly d4Qly

50 55 60
ttc gaa gtt aac ggt cak ttt gtt asa gtt tct gct gaa cgc gaa cca 2440
Phe Glu Val Asn Gly Gln Phe Val Lys Val Ber Ala Glu Arg Glu Pro
65 70 75 -1
gca aac att gac tgg geot act gat gyc gta gaa atc gtt ctt gaa geca 188
Alas Asn Ile Asp Trxp Ala Thr Asp Gly Val Glu Ile Val Ieu Glu Ala

act ggt ttc ttt gea tca aaa gaa aan got gga caa cac atc cat gaa 336
Thr Gly Phe Phe Ala Ser Lys Glu Lys Ala Gly Gln His Ile His Glu
100 1058 110

aat ggt gct aaa asa gtt gtt atec aca get cct ggt gga aac gac gtt a4
Asu Gly Ala Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asn Asp Val
115 120 125

aan aca gtt gtt tte aac act aac cac gut atc ctt gat gga act gaa 432
Lys Thr Val Val Phe Asn Thr Asn His Asp Ile Leu Asp Gly Thr Glu
130 135 140

aca gtt atc tca ggt get tea tgt act aca aac tgt ctt got cca atg 480
Thr Val XIle Ser Gly Ala Ser Cys Thr Thr Asu Cys Leu Ala Pro Met
145 150 155 i6e

gct aaa gct tta caa gac aac ttt ggt gtt aas caa ggt ttg atg act 528
Ala Lys Ala Leu Gln Asp Asn Phe Gly Val Lys Gln Gly Leu Met Thr
165 170 17s

act atec cac gca tac act ggt gac caa atg atc ctt gac gga cca cac 576
Thr Ile His Ala Tyr Thr Gly Asp Gln Met Ile Leu Asp Gly Pro His

130 185 is¢
cgt ggt ggt gac ctt cgt cgt gect cgt gcA ggt got gca aac atc gtt 624

Arg Gly Gly Asp Leu Arg Arg Ala Arg Ala Qly Ala Ala Asp Ile Val
195 200 205

' FIG. 2A
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cct aac tca act ggt got goa assa goct ate gga ctt gtt atc cca gaa 672
Pro Asn Ser Thr Gly Ala Ala Lys Ala Ile Gly Leu Val Ila Pro Glu
210 215 az2o0

ttg aac ggt aaa ctt gat ggt gct gea caa cgt gttrcct gtt cca act 730
Leu Asn Gly Lys Leu Asp Gly Ala Ala Gln Arg Val Pro Val Pro Thr
225 230 235 240

gga teca gta act gaa ttg gtt gea act ctt gaa aaa gac gta act gtc 768
Gly Ser Val Thr Glu Leu Val Ala Thr Leu Glu Lys Asp Val Thr Val
245 a50 a55

gua gaa gta aat gca gct atg aaa goa gca got aac gat tca tac ggt 816
Glu Glu Val Asn Ala Ala Met Lys Ala Ala Ala Asn Asp Ser Tyr Gly
260 265 az7o

tat act gaa gat cca atc gta teca tot gat ate gtt ggt att tca tac 864
Tyr Thr Glu Asp Pro Ile Val Ber SBer Asp Ile Val Gly Ile Ser Tyr
275 280 a8s

ggt teca ttg ttt gat gct act caa act aaa gtt caa act gtt gac ggt 912
Qly Ser Leu Phe Asp Ala Thr Glan Thr Lys Val Gln Thx Val Asp Gly
290 295 300

aac caa ttg gtt aaa gtt gtt tca tgg tac gat aac gaa atg tca tac 8560

Amn Gla Leu Val lLys Val Val Ser Trp Tyr Aap Asn Glu Met Ber Tyx
305 310 315 320

act tea caa ctt gtt cgt aca ctt gag tac ttt gca aaa atc goct aaa io008
Thr Ser Gln Leu Val Arg Thr Leu Glu Tyr Phe Ala Lys Ile Alza Lym
325 3340 aas

taa 011

FIG. 2B
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atg
Met

gca
Ala

aac
Asn

ttc

Glu

act

aac
Asn

act
145

gct
Ala

act

cgt
Arg

gta gt
val Va

5§

tte cgt cgt
Phe Arg Arg

ctt act
Leu Thr
as

gat
Asp

act caa
Gln Gly

gtt
Glu Val

aac
Asn,

att
Ile

aac
Asn

gac

ttc
Phe

ttt
Gly
100

gct
Gly Ala
115

act gtt gta

130

att
Ile

tca
Ser

gta
Val

Lys

get
Ala

ttg
Leu

atc
Ile

cac
His

gct
Ala
180

ggt
Gly

ggt gac

1958

att
Ile

aac
Ile Gln Asn

aat
Asn

egt ttc
Arg Fhe

gac
Asp
55

gga aac
Gly Asn
70

tteo
Phe

tgg gca
Trp Ala
8s

act

gct aaa

Ala Lys Lys

aaa gtt
Lys Val

gtt
Val

ttt aac aca
Phe Asn Thr
135

tca
Ser

ggt gct
Gly Ala

150
caa gat aac
Gln Asp Aan
165
tac act ggt
Tyr Thr Gly

ctt cgt cgt

5/38.

aac ggt ttec
Asn Gly Phe
10

gtt gaa ggt
Val Glu Gly
25

atg ctt gea
Met Leu Ala
40

ggt aca gtt
Gly Thx Val

atc aaa gtt
Ile Lys Val

gac ggt gta
Asp Qly val
S0

geca gct get
Ala Ala Ala
105

atc aca get
Xle Thr Ala
120

aac cat gac
Asn His Asp

tgt act act
Cys Thr Thxr

ttt ggt gtt
Phe Gly Vval

170
gac caa atg

Asp Gln Met
185

gct cgt get

Gly Asp Leu Arg Axrg Ala Arxg Ala

200

PCT/CACL/00836
ggt cgt atec gga cgt ctt 48
Gly Arg Ile Gly Axy Leu
15
gtt gaa‘gta act cgt att 96
Val Glu Val Thr Arg Ile
30
cac ttg ttg aaa tat gat 144
His Leu Leu Lys Tyr Asp
45
qgaa gtt aaa gat ggt gga 192
Glu Val Lye Asp Gly Gly
&0
tct goct gaa aaa gat cca 240
Sar Ala Glu Lys Asp Pro
75 8o
gaa atc gtt ctt gaa gca 288
Glu Ile Val Leu Glu Ala
95
gaa aaa cat tta cat gct k1
Glu Lys His Leu His Ala
110
cct ggt gga gat gat gtt g4
Pro Gly Gly Asp Asp Val
125
att ctt gac ggt aca gaa 432
Ile Leu Asp Gly Thr Glu
140
aac tgt tta gct cca atg 480
Asn Cys Leu Ala Pro Met
155 160
aas caa ggt ttg atg aca 528
Lys Gln Gly Leu Met Thr
175
atc ctt gac gga cca cac 576
Ile Lreu Asp Gly Pro His
150
ggt gca age aac att gtt 624
Gly Ala Sar Asn Ile Val

FIG. 3A
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cct

aAc
Asn
210

aat

tca
Ber

gaa
Glu

act

tca
Sex
290

caa
Gln

gca

tca act ggt
Ser Thr Gly

gyt asa ctt
Gly Ly= Leu

gta act gaa
Val Thr Glu

245

atc aac gca
Ile Asn Ala
260

gaa gac cca
Glu Asp Pro
275

ttg ttt gat
Leu Phe Asp

tta gtt aaa
Leu Val Lys

caa ctt gtt
Gln Leu Val
aas

6738

gct got aaa gor ate ggt
Ala Ala Lys Ala Ile Gly
415

gac ggt gct goa caa cgt
ASp Gly Ala Ala Gln Arg
230 235

tta gta gca gtt ctt gaa
Leu val Ala Val Ieu Glu
250

gca atg aaa gea got gea
Ala Met Lys Ala Ala Ala
265

atc gta teot tet gat ate
Ile Val Ser Ser Asp Ile
280

gct act caa act asa gta
Ala Thr Gla Thr Lys Val
255

gttt gttt toca tgg tat gac

Val val Ser Trp Tyr Asp
310 115

cgt act ctt gag tac ttt

Arg Thr Ieu Glu Tyr Phe
330

FIG. 3B

ctt gta atc
Leu Val Ile
220

gttr cet gtt
Val Pro Val

ana gaa act

Lya Glu Thr Ser

aac gut toca
Asn Asp Ser
270

atc ggt atg
Ile Gly Met
2858

caa act gtt
Gln Thr val
oo

anc gaa atg
Asn Glu Met

gca aaa atc
Ala Lys Ile
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cca gaa 672
Pro Glu
cca act 720
Pro Thr

240
tca gtt 763

Val
255
tac gga 816
Tyx Gly
gct tac 864
Ala Tyr
gat gga 912
Asp Gly
tet tac 960
Ser Tyr

320
gct aaa 1008
Ala Lys
a3as

1011
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atg gta gtt aas gtt ggt att aac ggt ttt ggc cgt atc gga cgt ctt 48
Met Val Val Lys Val Gly Ile Asn QGly Phe Gly Axrg Ile Gly Arg Leu
1 s 10 15

get ttc cogt cgt att caia aat gta gasa ggt gtt gaa gtt act cgc atc 96
Ala Phe Arg Arg Ile Gln Asp Val Glu Gly val Glu Val Thr Arg Ile
20 -1 3o

aac gac ctt aca gat cca aat atg ctt gca cac ttg tta aaa tac gat 144
Asn Asp Leu Thr Asp Bro Asn Met Leu Ala His Leu Leu Lys Tyr Asp
35 40 45

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

ttt gac gtt aac gga aaa ttc att aaa gtt tct get gaa saa gat cca 240
Fhe Asp Val Asn Gly Lys Fhe Ile Lys Val Ser Ala Glu Lys Asp Pro
65 70 15 8o

gaa caa att gac tgg gca act gac ggt gtt gaa atc gtt ctt gaa geca 188
Glu Gln Ile Asp Trp Ala Thr Asp Gly Val Glu Ile Val Leu Glu Ala
85 90 95

act ggt ttc ttt get aaa aaa gea got get gaa aaa cat tta cat gaa 336
Thr Gly Phe Phe Ala Lys Lys Ala Ala Ala Glu Lys Kis Leu His glu
100 105 110

aat ggt gct aaa ada gtt gtt atc act gct cet ggt gga gat gac gtg in4 .
Asn Gly Ala Lys Lys Val Val Ile Thr Ala Pro Gly Gly Asp Asp Val '
115 120 125

aaa aca gtt gta ttt amc act aac cat gat atc ctt gat gga act gaa 432
Lys Thr Val Val Phe Asn Thr Asn His Asp Ile Leu Asp Gly Thr Glu
130 135 140

aca gtt att tca got got tea tgt act aca aac tgt tta got cca atg 480
Thr Val Xle Ser Gly Ala Ser Cys Thr Thr Asn Cys Leu Ala Pro Met
145 150 185 160

gct ama gct tta caa gat aac ttt ggc gta aaa caa ggt tta atg act 528
Ala Lys Ala Leu Gln Asp Asn Phe Gly Val Lys Gln Gly leu Met Thr
165 170 178

aca atc cac gct tac act ggt gat caz atg ectt ctt gat gga cct cac 576
Thr Ile Eis Ala Tyxr Thr Gly Asp Gln Met Leu Leu Asp Gly Pro His

180 185 130
cyt ggt ggt gac tta cgt egt goce cgt geot ggt goet aac aat att gtt 624

Arg Gly Gly Asp Leu Arg Arg Alz Arg Ala Gly Ala Asp Asn Ile val
185 200 205

FIG. 4A
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cct

tta

225

Gly

qaa
Glu

tac

Gly

aat
das
act

Thr

taa

aac
Asn
210

aat

tca
Ser

gaa
Glu

act

teca
ferxr
250

caa,
Gln

get
Ala

tca
Ser

Gly

ata
Val

att
Ile

gaa
Glu
a7s

act
Thr

aaa
Lya

aca
Thr

aac
Asn
260

gat
Asp

tte

8/38

ggt get goct aaa
Gly Als Ala Lys
215

ctt gac ggt gct
Teu Asp Gly Ala
230

gaa tta gta gea
Glu ILeu Val Ala
a45

tca gta atg aaa
Ser Val Met Lys

cca atc gta tca
Pro Ile Val Ser
280

gat gect act caa

Phe Rep Ala Thr Gln

gtt
Vval

ettt

295
aas gtt gtt teca
Lys Val Val Ser
iic

gat cgt aca ctt

Gln Leu Asp Arg Thr Leu

3as

gca
Ala

gca
Ala

gtt
Val

PCT/CAD1/00836

ate ggt ctt gtt atc cct gaa

ile

Gly leu
220

cgt gta

Gln Arg Val

ctt
Leu
250

235

aat asa

Asn Lys

gct aat
Ala Asn

atc gtt
Ile Val

gta caa
val Gln
300

gac zat
Asp Asn
i1s5

Val Ile Pro

cca gtt cca
Pro Val Pro

gas act tca
@Glu Thr Ber
a55

gat tca tat
Asp Ser Tyr
270

ggt atg tct
Gly Met Her
285

act gtt gat
Thr Val Asp

gaa atg tct
Glu Met Sexr

Glu

aca
Thr
240

gta
val

ggt
Gly

tte
Phe

gga
Gly

tac

TyT
320

ttt gca aaa atc got asa
Glu Tyr Phe Ala Lys Ile Ala Lys

FIG. 4B
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atg gta gtt
Met Val val
1

gca ttc cgt
Ala Phe Axg

aat gac ctt
Asn Asp Leu
as

aca act caa
Thr Thr 8lo
50

ttc gaa gtt
Phe Glu Val
&5

gca aac att
Ala Asn Ile

aca ggt ttec

aac ggt geg
Asn Gly Ala
115

asa aca gtt
Lys Thr Vval
13¢

aca gtt atc
Thx Vsl Ile
148

gct aaa goa
Ala Ly= Ala

aaa gtt ggt
Lys Val Gly
5

cgt att caa
Arg Ile Gln
20

aca gat cct
Thr Asp Pro

ggt cgt ttt
Gly Arg Fhe

aac gga age
Asn Gly Bex
70
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act gaa 432
Thr Glu
cct atg 480
Pro Mat
160
atg act 528
Met: Thr
175
cca cac 576
Pro BHis
att gtt 624
Ile val
cca gaa 672
Pro Glu
cca act 720
Pro Thr
240
tct = 768
Ser val
255
tte gyt 816
Pne Gly
tca tac 864
Ser Tyz
gac gga 912
Asp Gl¥y
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WO 01/96379

250

tca caa tty gtt aaa gtt gta tea tgg tat gac

Sar Gln Leu Val Lys

act gct caa ettt gtt
Thr Als Gln Leu Val

taa

<210> 12

<211> 3346
<212> PRT
<213> Streptococcus

<400> 12
Mot Val Vel Lys Val

i

325

Ala Phe Arg Arg Ile

Asn Asp
Thr Thr
50

Phe Glu
65

Glu Asn

Thr Gly

Asn Gly

Lys Thr
130

Thr val
145

Ala Lys

Thr Ile

Leu

as

Gln

val

Ile

Phe

Ala

115

val

Ile

Ala

His

Thr Asp

Gly Aryg

Asn Gly

Asp Trp
8s

Phe Ala
100

Lys Lys

Val 2ka

Ser Gly

Leu

P i
o >
[V

Ala
180

i1

Val val Sar Trp Tyr Asp
al1s

1o

cegt aca ctt gag tac ttt

Arg Thr Isu Glu Tyr Fhe

330

dysgalactiae

Gly Ile

Gln Asn

Pro Asn

Pha Agp

Ala Thr

Lys Lys

val val

135

Ala sar
150

Aap Ala

Thr Gly

Asn Gly Phe
10

Val Glu Gly
a5

Met Leu Ala
40

Gly Thr val

Gly

Val

His

Glu

Ile Lys Val Ser

Asp Gly Val
50

Glu Rle Ala
ios

Ila Thr Ala
120

Asn His Asyp

Cys Thx Thr

Phe Gly Ile
170

Asp Glo Mat
185

75

Glu

Glu

Ile

Ile

5/22

300

aat gaa
Asn Glu

gca aaa

Ala Lys

Arg

Glu

Val

60
Ala
Ile

Lys

Gly

140

Lys

Ile

val

Leu

45

Lys

Glu

Val

Eis

Gly

125

Asp

Leun

Gly

Asp

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836

atg tet tac 960
Met Sar Tyr
320

atc gct saa
Ile Ala Lys
335

Gly Arg Leu
is

Thr Arg Ilas
30

Lys Tyr Asp
Glu Gly Gly
Arg Asp Pro

Leu Glu Ala
95

Leu His Ala
110

Asnn Rsp Val
Gly Thr Glu
Ala Pro Met

160

Leu Met Thx
175

Gly Pro His
150

lodas8

1011

1



g

WO 01196379

Arg Gly Gly Asp Leu Arg Arg Ala Arg Ala aGly Ala Ala

195

200 -

Pro Asn Ser Thr Gly Ala Ala Lys Ala Ile Gly Leu

210

215

220

Leu Asn Gly Lys Leu Asp Gly Ala Ala Gln Arg Val

230

a3s

Gly Ser val Thr Glu Leu Val Val Thr Leu Asp Lya

245

250

Asp Glu Xle Asn Ala Ala Met Lys Ala Ala Ser Asm

265

Tyr Thr Glu Asp Pro Ile Val Ser Ser Asp Ile Val

7%

Gly Ser Leu Phe Asp Ala Thr Glo Thr Lys Val Met

25¢

Ser Gln Leu Val Lys
305

3alo

00

Val Val Ser Txp Tyr Asp Asn

al1s

Thr Ala Glo Leu Val Arg Thr L.eu Glu Tyr Phe Ala

3as5

<210> 13

<211> 1011

<212> DNA

<213> Streptococcus

<220>

<221> CDS

<222> {1} (1011)

<4008>» 13

atg gta gtt aaa gtt

Met Val Val Lys Val
1 5

gca tte cgt cge atc
Ala Phe Arg Ary Ile
20

aaC ga¢ ctt aca gat
Asn Asp Leu Thr Asp
a5

aca act caa ggt cgt
Thx Thxr Gln Gly Arg
50

ttc gaa gtt aac gg-
Phe Glu Val Asn Gly

ggt att
Gly Ile

¢aa aac
Gln Asn

cca aac
Dro Asn

tte gac
Phe Asp

35

caa ttt
Gln Phe

330

agalactiae

aac ggc tte ggt cgt
Asn Gly Phe Gly Arg
10

gta gaa ggt gtt gaa
val Glu Gly Val Glu
25

atg ctt goca cac ttg
Met Leu Ala His Leu
40

ggt act gtt gas gtt
Gly Thr val Glu val
60

gtt aaa gtt tet get
val Lvs Val Sar Ala

6/22

Vval

Pro

Asp
Gly
a8s

dlu

Glu

Lys

ate
Ile

gtt
val

teyg
Leu
45

Lys

Glu

SUBSTITUTE SHEET (RULE 26)

Asnp

Ila

Val

val

Ser

270

Val

Val

Met

Ile

aly

act
a0
aaa

Lys

gaa
Glu

egc
Arg

PCT/CA01/00836

Ile val
Pro Glu
Pro Thr

240

Ser Val
255

Pha Gly

Ser Tyr
Asp Qly
Ser Tyr ,

3ao

Ala Lys .
335

cgt ctt 48

Arg Leu
15

cgt ate 96
Arg Ile

tat gac 144
Tyx Asp

st gga 192
Gly Gly

gaa cca 240
Glu Pro

I
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WO 0196379

&5

gca
Ala

act

aat

aaa
Lys

aca
Thr
145

get
Ala

Thx

§4

cect
Pro

ttg
Leu
225

aly

gaa
Glu

tat

ggt
Gly

ggt
Gly

Gly

13a

gtt
val

att
Ile

ttc
Phe

gct
Ala
115

gtt

atc
Ila

get

Lya Ala

ate
Ila

Gly

aac
210
aac

ABn

tca
Ser

gaa
Glu

act
Thr

cca
Ser

cac
Has

Gly
195

tca
Ser

ggt
Gly

gta
val

gta
Val

gaa
3lu
275

ttg
Leu

gac

Asp Trp Ala Thr asp

tte
Phe
100

Lys

gtt
Val

tca
Bay

tta
Leu

gca
Ala
180

gac

Asp

act
Thr

aat
Asn
260

gat

AsD

tt
Phe

70

tgg gct act

a5
gca

Ala

aaa
Lys

tte
Phe

Gly

caa
Gln
165

ctt
Leu

aly

ctt
Leu

gaa
Glu
445

gea
Ala

cca
Pro

gat
Asp

tca
Ser

gtt
Val

aac

gct
Ala
150

gac
Asp

act
Thx

cgt

Lys

gtt

act

135

tca

Ser

aac
Asn

Gly

cgt

Arg Arg

gct
Ala

gat
233
ttg

Lrenn

gct
Ala

ate
Ile

gct
Ala

gea
Ala
215

ggt
Gly

gtt
val

atg
Met

gta
val

act
Thr

gat

gaa
Glu

ate
Ile
130

aac
Asn

trt
FPhe

get
Ala
200

Lys

gct
Ala

gca
Ala

aaa
Lys

tca
Ser
480

caa

aan
Lys
105

aca
Thr

cac
Hi=s

act

ggt
Gly

Gln
ins

cgt
Arg

gct
Ala

gca
Ala

act

gca

265

tect

Ser

act

get

gct
Rla

gat
Asp

gtt
Val
170

atg
Mat

gca
Ala

tc
Ile

caa
Gln

ctt
250
gca

Ala

gat
Asp

75

qaa

atc

gtt

Glu Ile val

gga
Gly

cct
Pro

ate
Ila

155

Lys

ate
Ile

Gly

Gly

cgt

Arg
235

gaa
Glu

get
Ala

atc
Ile

gtt

Gln Thr Lys Val

7/22

caa
Gln

ggt
Gly

ctt
Leu
140

tgt
Cys

caa
Gln

ctt

gect
Ala
ctt
229
gtt
Val

aaa
Lys

aac
Asn

Ll

val

cas
Gln

cac
Eis

gqga
Gly
125

gat
Asp

gca
Ala
205

gtt
Val

cct
Pro

gac
Asp

gat
Asp

Gly
285

act
Thr

SUBSTITUTE SHEET (RULE 26)

ctt
Leu

ate
Ile
1il0

aac
Asn

gga
Gly

gct
Ala

ttg
Lau

gga
aly
150

Asn

aktc
Ile

gtt
val

gta

tca
Sexr
270

att
Ile

gtt
val

PCT/CA01/00836
80
gaa gca 288
Glu Ala
95
cat gaa 336
His Qlu
gac gtt 384
Asp Val
act gaa 432
Thr Glu
cca atg 480
Pro Mat
160
atg act 528
Mat Thr
175
cca cac 576
Pro Has
atec gtt 624
Ile Val
cca gaa 672
Pro Glu
cca act 720
Pra Thr
240
act gtc 768
Thr Val
255
tac ggt 816
Tyr Gly
teca tac 864
Ser Tyr
gac ggt 912
Asp Gly

[F)

19



WO 0196379

254

295

a00

aac caa ttg gtt aaa gtt gtt tca tgg tac gqat aac

Asn Gln Leu Val Lys Val Val Ser Trp Tyr Asp Asn Glu Met Sar TYyT
305

310

315

act tca cam ctt gtt cgt aca ctt gag tac ttt gea

Thr Ser Gln leu Val

taa

3as

<210> l4

<21l>
<212>
<213>

33s
FRT
Straptococcus

<400> 14
Mat Val Val Lys Val

1

Ala Phe Arg Arg Ile

a0

Asn Asp Leu Thr Asp

Thr
Fhe
65

Ala

Lys

Thr
145

Thr
50

Glu

Gly
Gly
Th>

130

val

35

Gln Gly hrg

Val Asn Gly

Ile Asp Txp
a5

Phe Phe Ala
100

Ala Lys Lys

Val Val Phe

Iie Ser Gly

Ala Leu Gln

165

Eig Ala Tyr
180

Arg Thr Leu Glu Tyr Fha Ala

agalectiae

Qly Ile

Gln

Pro

Phe

Glo

70

Ala

Asn

Asp
55

Ser Lys

Ala
150

Asp

val

Thr

135

Asn

Asn

Met
40

330

Gly Phe
10

Glu Gly
25

Leu Ala

Gly Thr val

val

Glu
Ile
120

Asn

Cys

Lys Val
aly val
90

Lys Ala
105

Thr Ala

His Asp

Tbkr Thr

Gly Val

170

Gln Met
185

Gly Aryg

val Glu

Bis Leu

Glu val
60

Ser Ala
75

Glu Ilas

Gly Gln

Pro Glv

Ile Lau
140

Asn Cys
155

Lys Gln

Ile Leu

8/22

gaa

aaa
Lys

Ile

Vval

45

Lys

Glu

Val

His

Gly
1as

Deau

Gly

Asp

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836

atg tca tac
3320
atc gct aaa

Ile Ala Ly=
335

Gly Arg Leu
15

Thr Arg Ile

Lys Tyr Asp
Glu Gly Gly
Arg Glu Pro

Irau Glu Ala
95

Ile Eis Glu
110

Asn Asp Val

Gly Thr Glu

Ala Pro Mat

Leu Met Thr

175

Gly Pro His
1s0

960

1008

1011

|79

-
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Ary Gly Gly Asp Leu Arg Arg Ala Arg Ala Gly Ala Ala

195

Pro Asn Ser Thr Gly Ala Ala

210

215

Lau Asn Gly Lys Leu Asp Gly

225

Gly Ser val Thr Glu
245

Glu Glu Vval Asn Ala
260

Tyr Thr Glu Asp Pro
275

Gly Sar ILeu Phe Asp
290

Amn Gln Leu Val Lys
305

Thr Ser gln Leu Val
3as

<210> 15

<211> 1011

<212> DMMA

<313> Btreptococcus

<220>
<221> CDS
<222> (1). (1011)

<400> 15

atg gta gtt asa gtt

Mat Val Val Lys Val
1 5

gca ttec cgt cgt att
Ala Phe Arg Arg Ile
20

aac gat ctt act gac
Asn Asp Leu Thr Asp
35

aca act caa ggt cgt
Th» Thr Gln Gly Arg
50

ttc gaa gtt aac gga
Fhe Glu val Asn Gly

230

Leu Val

Ala Mat

Ile val

Ala

Thx

2595

val val

310

Arg Thr

ubaris

Gly

caa
alan

cca
Pro

ttc
Phe

Asn

att
Ile

aac
Asm

ttc
Phe

200 -

Lys Ala Ile Gly

Ala Ala Glo Arg
235

Ala Thr Leu Glu

Lys Ala Ala Ala

Ser der Asp Ile

280

Gln Thr Lys Val

Ser Trp Tyr Asp

315

Leu Glu Tyr Phe

330

aac ggt ttc ggt
Asn Gly Phe Gly
10

gtt gaa ggt gtt
Val @Glu Gly Val
25

atg ctt gea cac

et Iau Ala His
40

gt aca gtt gaz
Gly Thr val Glu

atc aaa gtt tct
Ile Lys Val Ser

9/22

Leu
220

Val

Lys

Asn

Val

Gln

300

Asn

Ala

cgt
Arg

gaa
Glu

ttg
Leu

gtt
Val
60

gct
Ala

205

val

Qly
285

alu

Lys

ate
Ile

gta
Val

ttg
Leu
45

Lys

gaa
Glu

SUBSTITUTE SHEET (RULE 26)

Asnp

Ile

Val
Sax
270

Ile

Val

Mat

Il

gga
Gly

act
Thr
30

aaa
Lys

gat
Asp

aaa
Lys

PCTI/CAD1/00836

Ile

Pro

Pro

255

Bexr

Ser

Ala
335

cgt

Axg
15

gat
ASp

val
Glu
Tar
3240

val

Gly

Gly

320

Lys

ctt

pr1 1

ace
Iie

49

98

144

192

240

“
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a5

gaa
Glu

act
Thr

Lys

act
145

get
Ala

Arg

cct
Pro

tta
Leu
225

ggl.
Gly

gaa
Glu

tac
Tyr

ggt

sac
Asn

agt
Gly

Gly

act

130

gta

aaa
Lys

atc
Ila

aly

Asn
210

aat

tea
Sear

gaa
Glu

ace
Thr

tea

Cly Sar

att
Ile

tte
Phe

gct
Ala
115

gtt

att
Ile

get
Ala

cac
His

Gly
185

teca
Berxr

ggt
Gly

gta
Val

atc
Ile

gaa
Glu
275

ttg
Leu

gac
Asp

ttt
Phe
100

Lys

gta
val

tea
gear

ttg
Leu

gct
Ala
180
gac
Rap

act

aaa
Lys

act
Thx

aac
Asn
260

gac

tEt

70

tgg gca

Txp
8BS

gct
Ala

aaa
Lys

tte
Phe

Gly

caa
Gln
165

tac

ctt
Leu

qgt
Gly

ctt

gaa
Glu
245

gca
Ala

cca
Pro

gat

Ala

aaa
Lys

gtt
Val

aac

gct
Ala
150

gat
Asp

act

cgt
Arg

gct
Ala

gac
Asp
230

tta

gca
Ala

atec
Ile

gct

Phe Asp Ala

act gac
Thr Asp

aaa gca
Lys Ala

gtt ate
Val Ile
120

ACA aAC
135

teca tgt
Ser Cys

aac ttt
Asn Phe

ggt gac
Gly Asp

cgt got
Arg Ala
200

gct aaa
Ala Lys
215

ggt gct
Gly Ala

gta goca
Val Ala

atg aaa
MeC Lys

gta tct
val Sar
280

act caa
Thr Gln

75

gyt gta gaa atc gtt
Gly Val Glu Ile

gct
Ala
105

aca
Thx

cat
Hins

act
Thr

ggt
Gly

caa
Gln
1as

cgt

gca
Ala

gea
Ala

gtt
Val

gea
Ala
265

tct
Sar

act
Thr

get
Ala

get
Ala

gac
Asp

act
Thr

gtt
val
170

atg
Met

gct
Ala

ate
Ile

caa
Gln

ctt
Leu
250

gct
Ala

gat
Asp

aaa
Lys

gaa
Glu

cct
Pro

atkc
Ile

155

Lys

atc
Ile

Gly

Gly

cgt
235
gaa

Glu

gca
Ala

atc
Ile

gta
val

10/22

aaa
Lys

Gly

ctt
Lau
140

tat

Gln

ctt
Leu

gca
Ala

ctt
220

gtt
Val

Lys

aac

atec
Ile

caa
Gln

Val

cat
His

gya
Gly
125

gac

Asp

tta

ggt
Gly

gac

age
Sex
205

gta
Val

cet
Pro

gaa
Glu

gat
AmDd

Gly
2B5

ace

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836
80
ctt gaa gca 288
Ireu Glu Ala
85
tta cat gect 3386
Leu His Ala
110
gat gat gtt 384
Asp Asp Val
ggt aca gaa 432
Gly Thr Glu
gct cca atg 480
Ala Pro Met
160
ttg aty aca 528
Lau Mat Thr
175
gga cca cac 576
Gly Pro His
is0
aac att gtt 624
Asn Ile Val
atc cca gaa 672
Ile Pro Glu
gtt cca act 720
Val Pxo Thr
240
act tca gtt 768
Thr Ser Val
255
tca tac gga 816
Ser Tyr Gly
270
atg get tac 864
Met Ala Tyr
gtt gat gga 912
val Asp Gly

4
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aat caa tta gtt aaa gtt gtt
Asn Gln Leu Val Lys Val Val

305

310

act gca caa ctt gtt cgt
Thr Ala Gln Leu Val Arg Thr Leu

taa

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

16

338
PRT
Btreptococcus ubaris

<400> 16
Met Val val Lys Val Gly Ile

1

Ala

Phe
65

Glu

Lys

145

Phe

§

Glu
Asn
Gly
Gly
130
V.al
Lys

Ile

Axrg

as

Gln

val

Ile

Phe

Ala

115

val

Ile

Ala

3as

Arg Ile Gln
a4

Thr Asp Pro

Gly Arg Phe

Asn Gly Asn
70

Asp Trp Ala
85

Phe Ala Lys
100

Lya Lys Val
Val Phe Asn
Ser Gly Ala

150

Leu Gln Asp
165

Ala Ty~ Thr
180

act

Asn

Asp
55

Phe

Lvs

Val

135

Ser

Asn

Gly

ao00

tca tgg tat gac aac

ctt

val

Gly

Ile

Asp

Ala

Ile

120

Asn

D Glao Met

315
gag tac ttt

Glu Tyr Phe
3o

Gly Phe Gly
10

Glu Gly Val
a5

Glu
S5ax
75

Gly val Glu
S0

Ala Ala Glu
105

Thr Ala Pro

Els D Ile

Th>r Thr Asn
155

Gly val Lys
170

Ile
1as

11/22

gca
Ala

Qlu

Val

60

Ala

Ile

Lys

Gly

Leu
140

Cys

Gln

Len

gaa atg tet tac
Ser Trp Tyr Asp Asn Glu Mat Ser Tyr

asa
Lys

Ile

val

Lys

Glu

val

His

Gly

12s

Leu

Gly

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836

320
atc gct aaa

Ila Ala Lys
335

Gly Arg Leu
15

Thr Arg Iles
30

Lys Tyxr Asp
Asp Gly Gly

AsSp Pro
80

Lys
Leu Glu Ala

85

Leu His Ala
110

Asp Asp Val

p Gly Thr Glu

Pro Met
160

Ala

L.au Met Thr
175

D Gly Pxo I1s

130

960

1008

1011

129
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Arg Gly Gly Asp iLeu Arg Arxrg Ala Arg Ala Gly Ala

185

Pro Asn Ser Thr Gly Ala Ala

210

Leu AsSn Gly Lys iLeu
225

Gly Ser Val Thr Glu
245

Glu Glu Ile Asn Rla
260

Tyr Thr Glu Asp Pro
275

Gly Ser Leu Ph= Asp
290

Asn Gln Len Val Lys
305

Thr Ala Gln Leu Val
325

<210> 17

<21l> 1011

<212> DNA

<213> Streptococcus

<220>

<221> CDS

<222> (1) (1011}

<400> 17

atg gta gtt aaa gtt

Met Val val Lys Val
1 5

gct tte egt cgt att

Ala Phe Arg Arg Ile
20

aac gac ctt aca gat
Asn Asp Leu Thr Asp

aca act caa ggt cgt
Thr Thr Gln Gly Arg
50

Ett gac gtt aac gga
Phe Asp Val Asn Gly

215

AsSp Gly
230

Irau Val

Ala Mat

Ila Val

Ala Thr
295

val val
310

Arg Thr

200 -

Lys Ala Ile Gly Leu
220

Ala Ala Gln Arg Val
235

Ala Val Leu Glu Lys
250

Lys Ala Ala Ala Aan
265

Ser Ser Asp Ile Ila
280

Gln Thr Lys Val Gln
o0

Ser Txp Tyr AsSp Aan
ais

Leu Glu Tyr Pha Ala
330

paraubaris

ggt att
Gly Ile

caa aat
Gln Asn

cca aat
Pro Asa

ttt gac
Phe Asp
55

aaa ttec
Lys Fhe

aac ggt ttt ggc cgt
Asn Gly Phe Gly Axg
10

gta gaa ggt gtt gaa
Val Glu Gly Val Glu
25

atg ctt gece cac ttg
Met Leu Ala 3is Leu
40

got act gta gma gtt
Gly Thr val Glu Val
&0

att aaa gtt tct got
Ile Lys Val Ser Ala

12/22

Ser
2035

Val

Glu
Asp
Gly

Glu

Lys

atc
Ile

gtt
val

gaa
Glu

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836

Ast: Ila Vval
Ila Pro Glu
val Pro Thar

240

Thr Ser val
255

ger Tyr Gly
270

Met Ala Tyx

Val Asp Gly

Mat Ser Tyx
320

Ile Ala Lys
335

gga cgt ctt
Glv Axg Leu
15

act cgc avc
Thr Arg Ile
30

aaa tac cat

Lys Tyr Asp

gat ggt ¢
Asp Gly G

=1
L

aaa gat cza
Lys Asp Pro

b

48

32

240

1
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&5

gaa
Glu

act

aat

Lya

ace
145
gct
Ala

aca

cgt
Arg

cct
Pro

tta
Leu
225

ggt
Gly

gaa
Glu

tac

Gly

caa
Gln

ggt
Gly

Gly

130
gtt
Val

ana
Lys

atc
Ile

ggt
Gly

aac
Asn
210

aat
Asn

tca
Ber

gaa
Glu

act

tca
Ser

att
Ila

tte
Fhe

gct
Ala
11s

gtt
val

att
Ile

gct
Ala

cac
Eis

Gly
195

tca
Ser

Gly

gta
val

att
Ile

gaa
dlu
275

tta
Leau

gac

ttt
Pha
100

Lys

gta
Val

toa
Sax

tta

gct
Ala
180

gac
Asp

act

aaa
Lys

aca
Thr

aac
Asn
260

gat
Asp

tgg
as

gct
Ala

Lys

tee
Phe

gt
Gly

Gln
168

tac

tta

70
gca

Ala

aaa
Lys

gct
Ala
150

gat
Asp

act
Thr

egt

act
Thr

Lys

gtt
val
act
135

tca
Ser

aac
Asn

ggt
Gly

ogt

Leu Arg Arg

aly

cktt
Lau

Glu
245

tea
Ser

cca
2ro

gat

gct
Ala

gac
Asp
230

tta
Leu

gta
val

atc
Ile

get
Ala

gct
Ala
215

Gly

gta
Val

atg
Met

gta
val

act

gac ggt gtt
Asp Gly Vval

gca
Ala

atc
Ile
120

aac
Asn

tgt
Cys

tct
Phe

gat
Asp

gec
Ala
200

gct
Ala

gca
Ala

aaa
Ly=

teca
Sar
280

caa

gct
Ala
105

act

Thr

cakt
Eis

act
Thr

ggc
Gly

Gln
185

cgt

gca
Ala

gca
Ala

gtt
val

gct
Ala
285

tet
Ser

act

80
get
Ala

gct
Ala

gat
Asp

aca
Thr

gta
val
170

atg
Mat

gct
Ala

atc
Ile

Gln

ctt
Lan
250

gca
Ala

gat
As8p

Gln Thr Lys

15
qaa

Glu

gaa
Giu

Pro

ate
Ila
aac

155

cgt
235

aat
Asn

gct
Ala

ate
Ile

gta
Val

13/22

atec
Ila

aan
Lys

ggt
Gly

ctt
Leu
140

ctt

get
Ala

ctt
Lau
220

Val

aaa
Lys

aat
Asn

gtt
val

caa
Gln

gtt
val

cat
His

gga
Gly
125

gat

tta

Gly

gat

aac

gtt

gaa
Gln

gat

Gly
285

act
Thr

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836
a0
ctt gaa gca 288
ieu Glu Ala
95
tta cat gaa 336
Leu His Glun
110
gat gac gtg 384
Asp Asp Val
gga act gaa 432
Gly Thr Glu
gct cca atg 480
Ala Pro Mat
160
tta atg act 528
Leu Met Thr
175
gga cct cac 578
Gly Pro His
180
aat att gtt 624
Asn Ile Val
ate cct gaa 672
Ile Pro Glu
gtt cca aca 720
Val Pro Tkr
240
act tca gta 768
Thr Ser Val
255
tca tat ggt 816
Ser Tyr Gly
270
atg tct ttc 864
Met Sex Phe
gtt gat gga 912
Val Asp Gly

125

——— T ——
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295

PCT/CA01/00836

00

aat caa tta gtt aaa gtt gtt tca tgy tat gac aat gaa atg tct tac
Asn Gln Leu Val Lys Val Val Ser Trp Tyr Asp Asn Glu Met Ser TYT

305

1o

315 320

act got caa ctt gat cgt aca ctt gag tac ttt gca aaa atc gct aaa
Thr Ala Gln Leu Asp Arg Thr Leu Glu Tyr Phe Ala Lys Ile Ala Lys

taa

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

is

336
PRT
Btreptococcus

<400> 18
Met Val Val Lys Val Gly

1

Ala

Pha

Glo

Arg

Ile

Gly Phes

Gly Ala

Thr
130

Tal

Lys

115

val

1lle

Ala

His

3as

Azg Ils Gln
20

Thr Rap Pro

Gly Arg Phe
Asn Gly Lys
70

Asp Trp Ala
B85

Phe Ala Lys
ig0

Lys Lys Val
Val FPhe Asn
Ser Gly Ala

150

Leu Gla Asp
165

Ala Tyr Thr
180

aag

parauberis

Ile Asn Gly Phe
10

Asn Val Glu Gly
25

Asn Mat Leu Ala
40

Asp Gly Thr Val
55

Phe Ile Lys Val
Thr Asp Gly Val
90

Lys Ala Ala Ala
105

Val Ila Th>» Ala
120

Thr Asn His Asp
135

Ser Cys Thr Thr
Asn Phe Gly Val
170

Gly Asp Gln Met
ias

335

Gly Arg Ile Gly Arg Leu
15

Val Glu Val Thr Arg Ile
3o

Hls Leu Leu Lys Tyr Asp
45

Glu Val Lys Asp Gly Gly
60

Ser Ala Glu Lys ASp Pro
75 80

Glu Ile Val Leu Glu Ala
a5

Glu Lys His XLeu Eis Glu
110

Pro Gly Gly Asp Asp Val
125
Ile Leu Asp Gly Thr Glu
140

Asa Cys Leu Ala Pro M=t
155 160

Lyvs Gln Gly Leu Met Thr
175

Leu Leu Asp Gly Pro His
150

14/22

SUBSTITUTE SHEET (RULE 26)

860

1008

1011

11
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Arg Gly Gly Asp Leu Arg Arg Ala

Pro

225

Gly

Glu

Gly

Asn
3058

Thr

Asn

210

Asn

Seax

Glu

155

Ser

Gly

Val

Ila

Thr Glu

Ser
290

Gln

Ala

<210> 1%
<211> 10

<212>
<213>

<220>

<221>
222>

275

Leu

Lau

Gln

11l

IDNA
Streptococcus

CDS
(1}

<400> 19
atg gta gtt

Mat
1

gca
Ala

aca
Th>

ste
Phe

Val

tte
Phe

gac
Asp

Val

egt
Arg

ctt
Leu
as

caa

Gln

gtt
val

Thr Gly Ala Ala

Lys Leu

Thr Glu
245

Asn Bar
260
Asp Pro

Phe Asp

Val Lys

Leu hsp
325

. {1011)

aaa gt
Lys Vval
5

cgt att

Arg Ile
20

aca gat
Thr Asp

ggt cgt
Gly Arg

aic gga
Asn Gly

Asp

230

Leu

val

Ila

Ala

val
310

Arg

215

Gly

val

Mat

Val

Val

Thx

iniae

ggt
Gly

caa
Gln

att
Ile

aat
Asn

Lys

Ala

Ala

Lys

Ser
280

Gln

Ser

aac
Asn

gtt
Val
atg

40

ggt
Gly

gtt
val

Arg fla
Ala Ile
Ala Gln
Val ILau

250

Ala Ala
265

Sexr Asp

Tzp Tyr

Glu Tyr
330

ggt tte
Gly Phe
10

gaa ggt
Glu Gly

25
ctt gca

Leu Ala

aca gtt
Th> vVal

aaa gtt
Lys Val

Gly Ala
Gly Leu
220

Arg Val
235

Ala Asn

Ile val

Asp Asn
315

Phe Ala

goga cat
Gly Arg

gtt gaa
Vval Glu

cac ttg
Eis Leu

gaa gtt
Glu val
60

tct geca
S5ar Ala

15/22

val

Pro

Glu

Gly
285

Thr

Glu

Lys

ate
Ile

gta
val

ttg
Lau
45

Lys

gaa
Glu

SUBSTITUTE SHEET (RULE 26)

PCT/CA01/00836

Asn Ile

Ile Pro

vVal Pxo

Thr» Ser
255

Ser Tyr
270

Met Ser

Val Asp

Met Ser

Ile Ala
335

act cgt

Thxr Arg
30

aaa tat

Lys Tyr

gat ggt
Asp Gly

cgc gaa
Arg Glu

Val

Glu

Thr

240

Val

Gly

Phe

Gly

Tyx

320

Lys

48

S6

144

192

240

VAl
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aca
145

get
Ala

act

cgt

cct

tta

225

gga
Gly

gaa
Glu

tac

Gly

Gly

Gly

130
gtt
val

aaa
Lys

atc
Ila

ggt
Gly
aac
110
aat

Asn

tca
Ser

gaa
Glu

act
Thr

tca
Ser

70

att gac tgg gct
Ile Asp Trp Ala

85

ttc ttc got tot
Phe Ala Ser

Phe

gcg
Ala

115
gtt
Val

ate
XIla

gca
Ala

cat
Hia

ggt
Gly
195

tca
Ser

aly

Val

atc
Ile

gaa
Glu
275

tta
Lau

100
aasa

Lys

gte
val

tea
fler

tta
Leu

Gly
180

gat
Asp

act
Thx

Lya

act
Thy

aat
Asn
160

gat
Asp

tte
Phe

aaa
Lys

tac

gtt
val

Iyr Asn

ggt gct
Gly Ala

150

gat

Gln Asp

165

tac

Tyx

ckt

act
Thr

cgt

I.au Arg

ggt

goct

Gly Ala

ctt
Lau

Glu
245

gca

Ala

gct
Ala

gat
Asp

gac
Asp
230

Eta
Leu

gct
Ala

atc
Ile

gct
Ala

-

715

act gat ggt gta gac atc gtt
Thr Asp Gly Val

aaa gca
Lys Ala

gtt ate
val Ile
120

act aac
135

tea tgt
Sex Cys

aac ttt

ggt gac
Gly Asp

cgt get
Arg RAla
200

gct aaa
Ala Lys
215

ggt gct
Gly Ala

gta gca
val Ala

atg aaa
Met Lys

gta tca
Val Ser

act caa

gct
Ala
105

aca
Thr

cat
His

act
Thr

g9t
Gly

50

gct
Ala

get
Ala

gat
ASp

aca
Thr

gta
Vval
170

Asp

gaa
@lu

cct
Pro

att
Ile

aac
Asn
155

aaa
Lys

caa atg gtt
Gln Met Val

las

cgt
Arg

gca
Ala

gca
Ala

gtt
Val

gca
Ala
265

tca
Sexr

gea

Ala

atc
Ile

caA

gct
Ala

ggt
Gly

egt

Ila

ctt
Leu
140

tgt

aln

ctt
Leu

gea
Aa

ctt
L-au
220

gtt

Gln Arg Val

ctt
Leun
250

gca

Ala

gat
ASp

215
gaa

Glu

gect
Ala

atc
Ile

act gaa gta
Thr Gln Thr Lys

val

16/22

Lys

aac

gta
Val

val

cac
Hinm

gga
Gly
115

gac
aAsp

Aa
205

gtt
val

cct
Pro

gat

gat
Asp

ggt
Gly
285

PCT/CA01/00836

80

€Lt gas gca
Leu Glu Ala

att
Ile
110

aat

Asn

gga
Gly

gct
Ala

tta
Leu

gga
Qly
190

aac

atc
Ile

gtt
val

act

tca
Ser
270

att
Ile

caa act gtt
Gln Thr Val

SUBSTITUTE SHEET (RULE 26)

cac
His

gac
Asp

act
Thr

cca
o

atg
Mat
175

Pro

atce
Ile

cca

cca
Pro

tca
Ser
255

tac

tet
Sar

gat
Asp

get
Ala

gaa
Glu

atg
Met
160

act

cac
His

qgt
Gly

tac

gqa
Gly

ri:1)

336

384

432

480

576

€72

720

768

Bl6

864

912

- = e

ane



WO 0196379

aat
Asn
305

act
Thr

taa

<210>
<211>
<212>
<313>

290

caa ttg gtt aaa gtt gtt

Gln Leu Val Lys Val
310

gct caa ctt gtt cgt

val

act

Ala Gln Leu Val Axg Thr

20

336
PRT
Streptococcus iniae

<400> 20
Met Val Val Lys Val Gly Ile

1

Ala

Thx

Phe

Asp

Thr

Glu

Gly

Gly

130

Val

Lvs

(g}
1]
1]

Arg

Leu

as

Gln

val

Ile

Pha

Ala

115

val

Ala

Eis

325

Arg Ile Gln
20

Thr Asp Pro
Gly Arg Phe
Asn Gly Ser

70

Asp Trp Ala
as

Phe Ala Ser
100

Lys Lys Val
Val Tyr Asn
Sar Gly Ala

150

Lau Gln Asp
1558

Gly Tyxr Thr
130

Asn

Asn

Asp
55

Thr

Lys

Thr
135
Ser

AsSn

Gly

300

tca tgy tat gac aat
Trp Tyr Asp Asn

Ser

ctt
Leu

Asn

Mat

40

Gly

val

Asp

Ala

Ile

120

Asn

Cys

Fhe

Asp

31s

gag tac ttt gca
Glu Tyr Pha Ala

3a3o

Gly Phe
10

Glu aGly

I.eu Ala

Thr Val

Lys Val

Gly val

Ala Ala
105

Thr Ala

His Asp

Th> Thr

Gly Val

170

Gln Met
185

Gly Aryg

val Glu

His Leu

Glu val
60

Ser Ala
75

Asp Ile

Glu Gln

bro Gly

Ile Lau
140

asn Cys
155

Lvs Gln

Val Leu

17/22

gaa
Glu

Lys

Ila

val

Leu
45

Lys

alu

val

E1s8

Gly

125

Asp

Leu

Gly

SUBSTITUTE SHEET (RULE 26)

D Gly Pzo

PCT/CA01/00836

atg tet tac
Mat Ser Tyr
320

atc gct aaa
Ile Ala Lys
335

Gly Arg Leu
15

Thr Arg Ile

30

Lys Tyr As€p

Asp Gly Gly

Arg Glu

Lau Glu Ala

95
Ile His Ala
110

Asn Rsp Val

Gly Thr Glu

Mat
160

Ala Pxo
Leu Met
175

Eis
180

1008

1011

4
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Axg Gly 4aly
185

Pro Asn Sar
210

Ieau Asn Gly

Gly Ser val

Glu Glu Ile

Tyr Thr Glu

275

Qly Ser Leu
290

Asn Gln Leu
308

Thr Rhla Gln

<210> 21
<211> 1347
<212> DHA

Asp Lau Arg Arg Ala Arg Ala Ala Ala Ala
290 - 205

Thr Gly Ala Ala Lys Ala Ile Gly Leu Val
215 220

Lys Leu Asp Gly Ala Ala Gln Arg Val Pro
230 235

Thr Glu Leu Val Ala Val Leu Glu Lys Asp
245 250

Asn'Ala Ala Met Lys Ala Ala Ala Asn Rsp
260 265

Asp Ala Ile Val Ser Ser Asp Ile Val Gly
280 185

Phe Asp Ala Thr Gln Thr Lys Val Gln Thr
295 aao

Val Lys Val Val Ser Trp Tyr Rsp Asn Glu
310 31s

Leu Val Arg Thr Leu Glu Tyx Phe Ala Lys
3as 31

<213> Artificial Sequenca

<220>

<223> Descraption of Artificaal

chimeric GapC protain

<220>
<221> CDS
<222> (1)

<400> 21

akg aaa aaa

Met Lys Lys
1

ctg tct geca
Leau Ser Ala

ggt att aac
Gly Ile Asn
as

caa aat gtt
Gln Asn val

{1347)

ata aca ggg att att tta ttg ctt ctt gca
Ile Thr Gly Ile Ile Lau Leu Leu Lau Ala

5 i0

tgc cag gca aac tac gga tcc ggt atg gta
Cys Gln Ala Asn Tyr Gly Ser Gly Met Val

20 25

ggt ttc ggt cgt atc gga egt ctt gca tte
Gly Phe Gly Arg Ile Gly Arg Lau Ala Pne
49 45

gaa ggt gtt gaa gta act cgt atc aac gac

Aen

Ile

Val

Thx

Ber

2790

Ile

val

Met

Ila

Sequence primer Gap4d

gtec
Val

gtc
Val
30

cgt
Arg

et

Glu Gly Val Glu Val Thr Arg Ile Asn Asp Leu

ig/22

SUBSTITUTE SHEET (RULE 26)

PCT/CAQ1/00836

Ile

Pro

Pro

Ser

Sar

Ser

Ala
335

atct
Ile
15

aaa
Lys

cgt
Axg

aca

val

Glu

Thr

240

val

Gly

Tyr

Gly

320

Lys

-
az.-

Iie

gat

Thr Asp

439

96

144

192

130
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cca aac atg ctt gca

Pro Asn Met Len Ala His Lau

tEt gac
Phe RAsp

aac tte
Asn Phe

gca act
Ala Thr

gaa gtt
Glu Val
130

tek get
Bar Ala
145

gma ate
Glu Ile

tte gaa
Pha Glu

gca -aac
Ala Asn

act agt
Thr Ser
210

aac ggt
Asn Gly
225

apa aca

Lys Thr

aca gtt
Thr Val

gct aaa
Ala Lys

gga
Gly

ate
Ile
gac
115

gaa
Glu

gtt
Val

gtt
val

att
Ile
195

tte
Pha

gct
Ala

gtt
val

ate
Ile

get
Ala

ackt
Thr

aaa
Lys
100

Gly

gat
Asp

aaa
Lys

ctt

aac
180
gac

hAap

13-
Phe

aaa
Lys

gtt
val

teca
Ser
280

ctt
Leu

gtt
Val
B85

gtt
Val

gtt
val

Gly

gat

gaa
Glu
165

ggt
aly

tgg

gct
Ala

aaa
Lys

tte
Phe
245

got
Gly

cac
His

cac
70
gaa

Glu

tct
Sar

gaa
3lu

gga
Gly
cca
150

ate
Ila

aaa
Lys
gtt
230

aac

gect
Ala

gat
Asp

55

ttg

gtt
val

gct
Ala

atc
Ile

ttt
Phe
i35

Glu

tet
Phe

act

Lys
215

gtt
val

act

tca
Ser

gca
Ala

ttg aas tac gat
Leu Lys Tyr Asp
75

Lys

gaa
Glu

gtt
val
120

gac
Asp

caa
@ln

ggt
Gly

gtt
Val

gat

200
gaa
Glu

atc
Ile

aac

tgt

ttt
Phe

gaa ggt
Glu Gly
50

cgt gat
Arg ASp
105

ctg gaa
Leu Glu

gtt aac
Val Asn

att gac
Ile Asp

asa gtt
Lys val
185

ggc gta
aly val

gct get
Ala Ala

aca gect
Thr Ala

cac gac
His Aap
250

act aca
Thr Thr
265

ggt atc
Gly Ile

gga
aly

cca
Pro

gea
Ala

Gly

155

Gliu

tet
Ser

gaa
Glu

gaa
Glu

cct
Pro
235

att
Ile

aac
Asn

cas
Gln

19/22

60

aca

ket
Phe

gaa
Glu

cte
Leau
aaa

140
gea
Ala

gtt
val

gct
Ala

atc
Ila

Lys
220

ggt
Gly

ctt
Lau

tgt
Cys

aaa
Lys

act
Thy

gaa
Glu

aac
Asn

gag
Glu

125
tte
Phe

act

aaa
Lys

gae
Glu

gtt
val
205

cac

His

gga
Gly

gac
Asp

tta
Leau

qgt
Gly

SUBSTITUTE SHEET {RULE 286)

PCT/CA01/00836
caa gga cgt 2440
Gln Gly Arg
80
gta aac gga 288
Val Asn Gly
95
atec gac tgg 33e
Ile Asp Trp
110
ggt act gta 384
Gly Thr Val
att aaa gtt 432
Ile Lyw Val
gac ggt gtt 480
Agsp Gly Val
160
gaa ggt gga 528
Glu Gly Gly
175
cgC gaa cca 576
Arg Glu Pro
1s0
ctt gaa geca 834
Leu Glu Ala
tta cat gct 672
Leu i3 Ala
aac gac gtt 720
Asn Asp Val
240
ggt act gaa 748
Gly Thr Glu
255
gct cct atgy 816
Ala Pro Met
270
ctt atg act as4
Leu Met Thr

13
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WO 01/96379

aca
Thx

cet
Pro

gga
Qly

yac
Asp

tac

Ty=
38s

Gly

teca
Ser

ackt

taa

atec
Ilea
290

Gly

Asn

aat
Asn

teca
Bexr

gaa
Glu
370

act

teca
Ser

caa
aln

gct
Ala

275
cac

His

ggt
Gly

tca
Ser

Gly

gta
iss

ate
Ile

gaa
Glu

ttg
Leu

teg
Leu

caa
Gln
435

<210> 22

<21l1> 448
<212> PRT
<213> Artificial Seguence

<400> 22

Met Lya Lys Ile Thr Gly Ila Ile Leu Ieu Leu Lau Ala Val Il

1

Leu Sex Ala Cys Gln Ala Asn Tyr Gly Ser Gly Met Val Val Lys Val

gct
Ala

gac
Rsp

act

Lys
340

act

aac

gat

ttt
Phe

gtt
Val
420

ctt
Leu

-

tat act ggt gac caa atg atc
Tyr Thr Gly Asp Glu Met Ile

295

ctt cgt cgt got
Leu Arg Arg Ala Arg

ggt
Gly
325

ctt

gag
Glu

gac
40%
aaa
Lys

gtt
val

310

gct get
Ala Ala

gat ggt
Asp Gly

ttg gtt
Leu Val

gct atg
Ala Met
378

att gtt
Ile Val
390

gca act
Ala Thr

gtt gta
val Val

cgt aca
Arg Thr

asa
Lys

gct
Ala

gta
val
350
zan
Lys

tet
Sex

caa
Gln

tca
Sexr

ctt

440

cgt

gct
Ala

geca
Ala
345

act

Ala

tea
Sax

act
Thy

tgg
Tzp
425

gag
Glu

gct ggt
Ala Gly
315

ate ggt
Ile Gly
330

caa cgt
Gln Arg

ctt gat
Leu Asp

gct teca
Ala Bar

gat atc

Asp Ile
385

aaa gtt
Lys val
410

tat gac
Tyr Asp

tat ttt
Tyr Phe

10

20/22

okt
Leu
300

gct
Ala

ctt
Leu

gtt
val

285
gac
Asp

gca
Ala

gtt

cct

Lys Asn

aac
Asn
iao

gta
Val

atg
Met

aat
Asn

gca
Ala

365

gac

gge
Gly

gaa
Glu

gaa
Glu

SUBSTITUTE SHEET (RULE 26)

PCTI/CADL/D0B36
gga cca cac 913
@Gly Pro His
aac att gtt 960
Asn Ile Val
320
atc cca gaa 1008
Ile Pxro Glu
335
gtt cca act 105§
Val Pro Thr
350
gtt tect gtt 1104
Val Ser Val
agt tte ggt 1152
Ser Phe Gly
gtg teca tac 1200
Val Sar Tyr
400
gtt gac gga 1248
Val Asp Gly
415
atg tet tac 1296
Met Ser Tyx
430
atc geoct aaa 1344
Ile Ala Lys
1347

15

e Ile

9%
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Gly

Gln

¥ro

65

Phe

Ala

Glu

Sex

145

Glu

Asn
225

Lys

Ala

308

Ila
Asn

50
Aan

Asp

Phe

130

AMa

Ile

Glu

Asn

Sexr

210

aly

Lys

Ile
290

Ast. Gly Pha Gly Axg Ile Gly Arg Lau Ala

35

Val

Met

Gly

Ile

Asp

115

Lys

Glu

Val

Val

Ile

195

Phe

Ala

Val

Ila

Ala

275

His

Glu Gly val
Lav Ala His
70

Thr val Glu
85

Lys Val Sar
100

Gly Val Glu
Asp Gly Gly
Lys Asp Pro

150

Leu Glu Ile
165

Asn Gly Gln
180

Asp Trp Ala

Phe Ala Lys
Lys Lys Val
230

Y’a.‘l. Phe Asn
245

Ser Gly Ala
260

Leu His Asp

Ala Tyr Thkr

Gly Gly Asp Leu A~g

310

Glu

55
Leu
val
Ala
Il=s
Pha
135
aly

Asp

Pha

Lys
218

val

Sex

ala

Gly
2585

Arg

40

Val

Leu

Lys

Glu

Val

120

Asp

Gln

Gly

Val

Asp

200

Glu

Ile

Phe
280

Asp

ALa

Thr Axg

Lys Tyx

Glu dly
- 1)

Ary ASp
105

Leu @lu

Val Asn

Ile Asp

Thr val
170

Lys val
185

Gly val

Ala Ala

Thr Ala

His Asp
250

Thr Thr
265
Gly Ile

Gln Met

Arg Rla

Ile Asn
60

Asp Thr
75

Gly Phe

Pro Glu

Ala Len
Gly Lys
140

Trp Ala
155

Glu val

Ser Ala

Glu Ile
Glu Lys
229

Pro aGly
235 -

Ile Leu

Asn Cys

Gln Lys

Ile Leu
300

Gly Ala
ais
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Dhe Arg Azyg Ile
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Asp

Glu

Glu
1315

Pha

Lys
Glu
val
205

His

Gly

Leu

aly
285

Ala
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Ila
110
Gly
Ile
Asp
alu
Arg
190
Leu
Leu
ASD
Gly
Ala

270

Leu

Lys

Gly

Gly

175

Glu

Glu

Hais

Met

Val

Val

180

Gly

Pro

Ala

Ala

val

240

Glu

Mat

Tax

His

val
120

132
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Pro Asn Ser Thr Gly Ala

Leu Asn

Gly Ser

Asp Glu
370

Tyr Thr
385
Gly Ser

Ser Gln

Thr Ala

325

Gly Lys Leu Asp
340

Val Thr Glu Leu
358

Ile Asn Ala Ala
Glu Asp Pro Xle
390

Lau Phe Asp Ala
405

Leu Val Lys val
430

Gln Leu Val Arg
435

Ala Lys Ala Ile Gly Leu Val
330

Gly Ala Ala GIln Axg Val Pro
345

Val Val Thr Lsu Asp Lys Asa
360 165

Met Lys Ala Ala Ser Asn Asp
a7s 380

Val Ser Ser Asp Tle Val Gly
385

Thr Gln Thr Lys Val Met Giu
410

Val Ser Trp Tyr Asp Asn Glu
425

Thr Leu Glu Tyr Pha Ala Lys
440 445
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Ila Pro Glu
335

val Pro Thr
3so0

Val Ser Val

Sar Phe Gly

Val Ser Tyr
400

Val Asp Gly
415

Mat Ser Tyr
430

Ile Ala Lys
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