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MORAXELLA BOVIS CYTQTOXIN, CYTOTOXIN GENE,

ANTIBODIES AND VACCINES FOR PREVENTION

AND TREATMENT OF MORAXELLA BQVIS INFECTIONS

BACKGROUND OF THE INVENTION

Field of the Invention

The current invention concerns Moraxella bovis cytotoxin
and a gene encoding Moraxella bovis cytotoxin. In particular,
the invention concerns identification, isolation, cloning and
identification of nucleotide sequence of the Moraxella bovis
gene mbxA and adjacent genes mbxB, mbxC and mbxD, partial
purification of the native cytotoxin, preparation of a
purified native and recombinant Moraxella bovis cytotoxin, an
amino acid sequence of the cytotoxins, preparation of
antibodies against the Moraxella bovis cytotoxin, prepafation
of vaccines against Moraxella bovis and a method for
prevention and treatment of infectious bovine
keratoconjunctivitis caused by Moraxella bovis.

Background and Related Disclosuréé

Infectious bovine keratoconjunctivitis (IBK) also called
pinkeye, caused by Moraxella bovis (M. bovis) infection ranks
as one of the most important cattle diseases in the Unitad
States and abroad. Annual estimated incidence of the disesase
is 5% of all beef cattle with greater than 50% of all hsris
affected. Epizootics also occur with case attack ratas
approaching 90-100% of yearling cattle. Affected cattlia 3o
not eat and fail to gain weight. Economic losses due to Zzwar
market weights of affected cattle and calves and czulzrs

scarring and treatment associated expenses are estimataz =3
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exceed $150,000,000 annually. Effective control measures that
could substantially reduce this expense are not available as
the commercially available vaccines have low efficacy.

Animals affected with IBK exhibit corneal ulceration,
edema, ocular pain, photophobia and lacrimation. Control of
IBK using antimicrobial treatments has been only partially
successful. Antimicrobials have been used to eliminate the
carrier state in experimental and field trials, but these
treatments have drawbacks that include emergence of resistant
bacteria in cattle and the general environment, potential for
adulteration of the nation’s food supply, high cost and
marginal economic benefit.

Topical and oral administration of antibiotics has proven
somewhat effective for treatment of pinkeye, but the high cost
and losses associated with the ongoing disease often outweigh
the benefits of such treatment. Topical therapy alone does
not eliminate M. bovis from non-ocular sites such as nasal
choanae and vagina where it is known to reside.

Consequently, an effective vaccine or antibody for
prevention and treatment of IBK wduld be an important
component of a successful IBK control program.

So far, vaccines prepared from killed or live bacteria,
isolated pili, or ribosomes have had limited benefit for

immunization of cattle in the %ield (Proc. Am. Assoc. Bov.

Pract., 20:26-32 (1987)). Nevertheless, a large body of field

and experimental data exist to show that acquired resistance
to pinkeye does develop after the natural occurrence of the
infection.

At least two attributes, namely pili and cytotoxin
(Leukotoxin/hemolysin/cytolysin), of the M. bovis organism are

important in the pathogenesis of IBK. M. bovis pili
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facilitate adhesion of the bacterium to the corneal epithelium
and are required for colonization. Pili are highly
immunogenic, but have antigenic diversity due to the presence
of at least two structural pilin genes and variability in the
amino acid composition of the pilin molecule. Variability in
pilus gene expression is regulated by a site-specific DNA
inversion system. Limited antigenic cross-reactivity was
found in vaccines prepared from heterologous pili. M. bovis
pili in monovalent or multivalent formulations Thave
demonstrated variable efficacy, attributed to pilus gene

inversion that occurs during infection (Vet. Microbiol.,

45:129-138 (19985)). The emergence of novel pili serotypes
during epizootics of IBK has been documented (Am._ J. Vet.
Res., 50:1437-1441 (1989)). These studies suggest that

because of the pili heterogeneity pilus based vaccines will
not be 100% effective at preventing IBK.
The Moraxella bovis cytotoxin (hemolysin) is an important

component of immunity to IBK (FEMS Microbiol. Lett., 124:69-74
(19%94)).

Moraxella bovis produces a heat ladile, approximately 100
kD cytotoxin (hemolysin) that causes cell lysis by forming
pores in cell membranes via a calcium-dependent process
(Infect. Immunol., 59:1148-1152 (1991)). In vitro, culture
filtrates from broth cultufés of hemolytic but not
nonhemolytic strains of M. bovis cause lysis of bovine

neutrophils (Am. J. Vet. Res., 51:191-196 (1990)). In vivo,

the ocular damage caused by a purified hemolytic and cytotoxic
fraction of M. bovis mimics the lesions seen in naturally
occurring IBK (Vet. Microbiol., 42:15-33 (1994)). Unlike the

pilin molecule, the M. bovis cytotoxin appears to be more
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conserved between different M. bovis isolates. Serologic
studies show that antihemolytic antibodies recognize hemolysin

from different strains of M. bovis (Am. J. Vet. Res., 46:1011-

1014 (1985)) and, thus, form an important component of
immunity to IBK (EFEMS Microbiol. Lett., 124:69-74 (1994)).

In view of the severity of consequences of infectious
bovine keratoconjunctivitis, it would be important to have
available an effective vaccine and/or anti-Moraxella bovis
antibodies that could prevent this condition.

This invention, therefore, concerns an effective IBK
vaccine, anti-Moraxella bovis antibodiesland to that end an
isolation and partial purification of the native Moraxella
bovis cytotoxin, a characterization of the M. bovis cytotoxin
gene, 1identification of M. bovis cytotoxin amino acid
sequence, preparation of recombinant M. bovis cytotoxin and
determination of its efficacy in a vaccine for prophylaxis and
treatment of IBK.

All patents, patent applications and publications cited
herein are hereby incorporated by reference in their entirety.

SUMMARY )

One aspect of the current invention is a wvaccine for
prevention of infectious bovine keratoconjunctivitis
comprising a purified native or recombinant Moraxella bovis
cytotoxin.

Still another aspect of the current invention is a DNA
sequence of the Moraxella bovis gene depicted by SEQ ID NO: 1.

Still another aspect of the current invention is a DNA

sequence of the Moraxella bovis gene B depicted by SEQ ID NO:
30.
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Still another aspect of the current invention is a DNA
sequence of the Moraxella bovis gene C depicted by SEQ ID NO:
31.

Still another aspect of the current invention is a DNA
sequence of the Moraxella bovis gene D depicted by SEQ ID NO:
36.

Yet another aspect of the current invention is an amino
acld sequence of Moraxella bovis cytotoxin'A depicted by SEQ
ID NO: 2 or a partially purified native or recombinantly
prepared cytotoxin comprising SEQ ID NO: 2.

Yet another aspect of the current invention is an amino
acid sequence of Moraxella bovis cytotoxin B depicted by SEQ
ID NO: 30 or a partially purified native or recombinantly
prepared cytotoxin comprising SEQ ID NO: 18.

Yet another aspect of the current invention is an amino
acid sequence of Moraxella bovis cytotoxin C depicted by SEQ
ID NO: 31 or a partially purified native or recombinantly
prepared cytotoxin comprising SEQ ID NO: 32.

Yet another aspect of the current invention is an amino
acid sequence of Moraxella bovis cytofoin D depicted by SEQ
ID NO: 36 or a partially purified native or recombinantly
prepared cytotoxin comprising SEQ ID NO: 37.

Still another aspect of the current invention is a method
for purification or partial purification of the Moraxella
bovis cytotoxin and its stabilization.

Still another aspect of the current invention is a method
for prevention of IBK in cattle and calves by vaccinating said
cattle or calves with a wvaccine comprising a partially
purified native or recombinant Moraxella bovis cytotoxin

comprising SEQ ID NO: 2.
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BRIEF DESCRIPTION OF FIGURES

Figure 1 is a graph illustrating neutralization of M.
bovis leukotoxin in bacterial filter permeates by anti T+
Sserum.

Figure 2 1is an autoradiogram of the pooled and
concentrated void volume fraction of diafiltered retentate
from T+ and T- cultures chromatographed on a Superose 6HR
column.

Figure 3 shows nucleotide (SEQ ID NO: 1) and deduced
amino acid (SEQ ID NO: 2) sequences of M. bovis RTXA (MbxA)
gene.

Figure 4 shows the alignment of the deduced amino acid
sequence of M. bovis RTXA (MbxA) gene (SEQ ID NO: 2) and RTX
toxins of M. (Pasteurella) haemolytica (LktA) (SEQ ID NO: 3),
A. pleuropneumoniae (ApxIA) (SEQ ID NO: 4) and E. coli
(HlyA) (SEQ ID NO: 5).

Figure 5 is an autoradiogram demonstrating MbxA pressnce
in culture supernatants of T+, and Tifton I and absence in T-
culture supernatants.

Figure 6 is an autoradiogram of culture supernatants from
a Tifton I broth culture at 3, 4, 4.5, 5 and 6 hours time
points.

Figure 7 shows the percent neutralization of cytolysis
and hemolysis by non-immune -and immune sera alone or
preabsorbed with a recombinant expressed carboxy terminus of
MbxA.

Figure 8 shows nucleotide (SEQ ID NO: 30) and deduzz24
amino acid (SEQ ID NO: 18) sequences of M. bovis RTXB (MZx3)

gene.
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Figure 9 shows the alignment of the deduced amino acid
sequence of M. bovis RTXB (MbxB) gene (SEQ ID NO: 18) and RTX
toxins from M. (Pasteurella) haemolytica (LktB) (SEQ ID NO:
19), A. pleuropneumonias (ApxIIB) (SEQ ID NO:20) and E. coli
(HLlyB) (SEQ ID NO: 21). '

Figure 10 shows nucleotide (SEQ ID NO: 31) and deduced
amino acid (SEQ ID Nos: 32) sequences of M. bovis RTXC (MbxC)
gene.

Figure 11 shows the alignment of the deduced amino acid
sequence (SEQ ID NO: 32). of M. bovis RTXC (MbxC) gene and RTX
toxins of M. (Pasteurella) haemolytica (LktC) (SEQ ID NO:
33), A. pleuropneumoniae (ApxIIC) (SEQ ID NO:34) and E. coli
(HlyC) (SEQ ID NO: 35).

Figure 12 shows nucleotide (SEQ ID NO: 36) and deduced
amino acid (SEQ ID NO: 37) sequences of M. bovis RTXD (MbxD)
gene. A

Figure 13 shows the alignment of the deduced amino acid
sequence (SEQ ID NO: 37) of M. bovis RTXD (MbxD) gene and RTX
toxins of M. (Pasteurella) haemolytica (LktD) gene (SEQ ID NO:
38), A. pleuropneumoniae (ApxIID) gene (SEQ ID NO: 39) and E.
coli (HlyD) gene(SEQ ID NO: 40).

Figure 14 is a graph showing the cumulative number of
calves with ulcers in one eye vaccinated with M. bovis
cytotoxin, adjuvant alone, or saline (control) over time.

Figure 15 is a graph showing a number of calves affected
weekly in one group of vaccinated calves and in controls.

Figure 16 is a graph showing cumulative proportion of
ulcerated calves during the trial with recombinant cytotoxin

vaccine, saline alone or adjuvant alone.
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DEFINTTIONS

As used herein:

“"Cytotoxin,” “cytolysin” or “hemoclysin” means a protein
produced by Moraxella bovis that is lytic for cells. The
cytotoxin gene encodes 927 amino acids depicted by SEQ ID NO:
2 and 1s homologous to the internal regions of the published
repeats in the structural toxin (RTX) toxins of E. coli, M.
(Pasteurella) haemolytica and Actinobacillus species.

“Antigen” or “M. bovis antigen” means M. bovis cytotoxin
as defined above.

“Functionality” or “functional characteristics” means the
interaction of antibodies against M. bovis cytotoxin, such
that the antibody inhibits the activity of M. bovis cytotoxin
and retards/prevents development of IBK.

"ISCOM” means a partially purified cytotoxin formulated
in an immunostimulating complex comprising Quillaja saponins
(Quil A), cholesterol and phospholipids.

“IBK” means infectious bovine keratoconjunctivitis
(pinkeye) caused by Moraxella bovis.

“M. bovisf or “Moraxella bovis” me;ns the etiologic agent
of IBK which expresses a cytotoxin that lyses corneal
epithelial cells and neutrophils and results in corneal
ulceration in cattle and calves. Pathogenic isolates of M.
bovis are hemolytic; non-pathogenic isolates are nonhemolytic.

“"mbxA” means a gene encoding M. bovis cytotoxin, said
gene comprising a nucleotide sequence of 2784 base pairs

depicted as SEQ ID NO: 1.

"MbxA” means a protein encoded by mbxA gene described as
SEQ ID NO: 2. |
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“Leukotoxic” acfivity means biological activity which
causes lysis of bovine neutrophils and lymphoma cells.

“Hemolytic” activity means biological activity which
causes lysis of red blood cells.

“Corneotoxic” activity means biological activity which
causes lysis of corneal epithelial cells.

"KDO” means 2-keto-3-deoxyoctonate.

"Antibodies" means proteins which structurally interact
with the target antigen, i.e., M. bovis cytotoxin, and are
produced when the antigen is introduced into an animal, such
that they stimulate the immune system. The term also includes
antibodies produced in vitro, such as recombinant anfibodies,
antibodies produced by hybridoma cell cultures and chimeric
proteins, as well as Hybridoma cells and chimeric constructs
introduced into the host to provide an in vivo antibody.

"Antibodies to M. bkovis antigen" means proteins which
structurally interact with the target antigen and inhibit or
detect infectious bovine keratoconjunctivitis.

"Monoclonal antibodies" means the monovalent antibodies
produced by B cells fused to immortdlized cells producing
specific antibody ‘to ‘M. bovis antigen.

"Polyclonal antibodies"” means antibodies directed at M.
bovis antigen which are not monovalent and are the products of
multiple B cells in character.

"M. bovis antigen DNA" means the sequence of about 2784
nucleotides identified as SEQ ID NO: 1 which encodes a protein
comprising an amino acid sequence depicted by SEQ ID NO: 2.

"Vaccine" means a protein, recombinant protein, DNA, RNA,
or a fragment thereof preserved from M. bovis cytotoxin which,

upon administration to a host, is able to provoke an immune
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response including but not limited to the production of
antibodies, cytokines and other cellular responses.
"Prevention or prophylaxis" means the passive or active
immunization with antibodies or vaccines of the invention such
that disease or infection does not occur.
"Treatment" means therapeutic use of any prqtein or
antibody to inhibit existing infection in a cattle or calf

host.
DETAILED DESCRIPTION OF THE INVENTION

This invention relates generally to infectious bovine
keratoconjunctivitis, to vaccines, antibodies, purified or
partially purified native or recombinant proteins, DNAs, RNAs

and methods for prophylaxis and treatment of infectious bovine

keratoconjunctivitis (IBK).

More specifically, the invention concerns identification,
isolation, and purification or partial purification of native
M. bovis antigen (cytotoxin) which causes IBK in cattle and
calves, determination of its biological activity,
identification and isolation of an M. bovis genes mbxA, mbxB,
mbxC and mbxD, and determination “of their nucleotide
sequences, deducing their amino acid sequences based on the
DNA sequences, partial sequencing of native partially purified
cytotoxin, cloning of M. boviq genes mbxA, mbxB, mbxC and
MbxD, expression of recombinant proteins, identification of
the amino acid sequences of the expressed proteins and their
purification, and preparation of M. bovis cytotoxin containing

vaccines or polyclonal or monoclonal antibodies against such

cytotoxin.

I. Native Moraxells bevis Cvtotoxin
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Moraxella bovis is a bacteria isolated from a cattle
infected with Moraxella bovis and suffering from infectious
bovine keratoconjunctivitis. M. bovis strains are pathogenic

or nonpathogenic and different isolates may be found in

different regions.

A. M. bovis Strains and Isolates

A cytolytict strain M. bovis (T+) and its noncytolytic
subculture (T-), as well as cytolytic strains EPP63 and GLN63
were obtained from Dr.4G. W. Pugh, Ames, Iowa. Additional
isolates Tifton 1, Tifton 2, GA3, LS-2, LS-3, LS-4, LS-5, LS-
6, LS-7 and LS-8 were obtained from field specimens submitted
for determination of IBK infections from various states. The
strains were isolated according to Example 1.

B. Characteristics oﬁ Native M. bovis Cvtotoxin

Moraxella bovis produces a toxin, herein called
cytotoxin, which causes cell lysis.

The cytotoxin of Moraxella bovis (M. bovis) 1is a
transmembrane pore forming molecule that shares antigenic
homology to the E. coli w«-hemolysin, and is excreted in
particulate complexes with the protgins during log phase
growth. The cytotoxin has leukotoxic, corneotoxic, and
hemolytic activities. Once released into the media, tha
liberated cytotoxin and protein aggregates can be separatad
from the whole bacteria by filtration through polycarbonata
membranes of a mean pore diameter 0.22 uM, and can be retainad

by filters with molecular weight cut-offs that are >100 xZa.

2V

Cytotoxin 1s an unstable molecule with accivizy

Its pathogenic activity is irreversibly inactivated =z, 2

number of chemical, enzymatic, and physical treatmsnzts,
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including trypsin, sodium dodecyl sulfate, high incubation
temperature (>37°C), and calcium chelation.

The molecular complexity and the lability of the cell

free cytotoxin has precluded purification to a monomolecular
state.

C. Immunogenicityv of M. bovis Strains

To investigate the immunogenic potential of cytotoxin,
characterization of cytotoxin of M. bovis strains from diverse
regions of the United States were undertaken.

For this‘purpose, leukotoxins were obtained from nine
field strains and three isolates. These leukotoxins were
submitted to neutralization assay as described in Example 21
with immune serum or pre-immune serum. Results are seen in
Figure 1.

Figure 1 illustrates neutralization of M. bovis
leukotoxin in bacterial filter permeates from isolates Tifton
1, Tifton 2, LS-2, LS-3, LS-4, LsS-5, LS-6, LS-7, LS-8 and in
three cytolytic strains T+, EPP63 and GLN63 with immune rabbit
anti-T+ serum compared to neutralization of these permeates
with pre-immune serum from the same rabbit. The pre-immune
Serum was used as the negative control. In this study, the
same bacterial filter permeates were incubated with either the
immune serum or pre-immune serum under the same conditions.
The leukotoxic activity was mea;ured by LDH assay.

As seen in Figure 1, the undiluted anti-T+ diafiltered
retentate serum inhibited the cytotoxic activity of all
strains and isolates. ©No such inhibition was observed in
samples incubated with pre-immune serum.

These results clearly confirm that the leukotoxic

activity of cytotoxin is shared by M. bovis strains . and
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isolates and suggest that a vaccine containing such cytotoxin
would immunize the cattle against IBK.

ITI. Cyvtotoxin Gene, Protein, Recombinant Protein and DNA

Following the discovery and confirmation that the
cytotoxin protein is an antigen which could be used as a
vaccine for cross-strain protection against IBK, cloning,
characterization and sequencing of the M. bovis cytotoxin
genes, expression of the proteins encoded by these genes and

the amino acid sequencing of HPLC purified peptides derived

from native cytotoxin was undertaken.

A. Isolation of M. bovis Cvtotoxin for Amino Acid

Segquence Analysis

For amino acid sequence analysis, the M. bovis
cytotoxin/cytotoxin peptides were partially purified by the
procedure described in Example 14. To identify proteins that
were unique to the hemolytic strain T+, purified culture
extracts from hemolytic T+ and nonhemolytic T- M. bovis
strains were compared by Western blotting using the procedure
described in Example 185. .

Several candidate proteins for fhe M. bovis cytotoxin
with molecular masses ranging from 55 to 75 kDa were
identified as shown in Figure 2.

Figure 2 1is the autoradiogram of the pooled and
concentrated void volume fraction of diafiltered retentate
from T+ and T- cultures chromatographed on a Superose 6
column. The rabbit antiserum to column purified cytotoxin, in
1:400 dilution, was used as the primary antibody. Molecular
mass markers 47, 84, 116 and 208 kDa are indicated. Protein

bands in T+ lane ranging from 55 to 75 kDa were found to

represent M. bovis cytotoxin protein/peptides that were unique
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to T+ diafiltered retentate. A 70 kDa protein in Superose 6
chromatographed T+ diafiltered retentate was subsequently
identified on a Coomassie blue stained SDS polyacrylamide gel
and was the source for two peptides designated peptides #23
and #26. These peptides were sequenced by N-terminal Edman
degradation chemistry.

The respective amino acid sequences for two tryptic
peptides #23 and #26 that were derived from the 70 kDa band
were FLSELNKELEAE (SEQ ID NO: 6) and FNDIFHSGEGDDLLDSGA (SEQ
ID NO: 13).

BLAST database searches identified relatedness between
the two peptides and the deduced amino acid sequences.from RTX
A genes of E. coli, M. haemolytica, A. suls, A.
pleuropneumoniae, and A. actinomycetemcomitans. These
alignments also predicted that peptide #23 was amino to
peptide #26. Sequence and orientation-specific degenerate PCR
primers 23A and 26A designed from reverse translating the
amino acid sequences for peptides #23 and #26, respectively,
amplified an approximately 850 bp fragment of genomic DNA from
M. bovis Tifton I strain. >

The deduced amino acid encoded by this region exhibited
homology td the RTX family of bacterial exoproteins. Complete
cloning and sequencing of mbxA was subsequently performed
using a PCR based approach as déscribed herein.

B. Homology with RTX Toxins

Amino acid sequencing of HPLC purified peptides derived
from the purified cytotoxin protein has yielded amino acid
sequences which show homology to internal regions of the

published RTX toxins of E. coli, M. haemolytica and
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Table 4

Amino Acid Alignment

PCT/US02/18263

in Table 4

5| M. bovis cytotoxin FILIS|E|L NIK|E|lL E| A E|l SEQ ID NO:
6
M. haemolytica leukotoxin FIL|L{N|L N|K|E|L Q| A E| SEQ ID NO:
7
E. coli alpha hemolysin I JL|Is|IQ|Y N{K|E|Y S|v E{ SEQ ID NO:
8
A. pleuropneumoniae FE[L|I|N|L NIK}{E|L Q| A E| SEQ ID NO:
10| hemolysin 9
A. pleuropneumoniae LiL|siQly NiK|E|lY sjv E| SEQ ID NO:
hemolysin 10
A. suis cytotoxin FIL|I|N|L NIK|E|lL Qf A E} SEQ ID NO:
11
Consensus sesquence FIL|.|.|lL/Y [N|K]E|L/Y A/V | El SEQ ID NO.
12
15
Table 4 shows amino acid sequence of M. bovis cytotoxin
peptide #23 aligned with known published RTX toxin amino acid
sequences. ;
Table S
20 Alignment of Fragment #26
M. bovis cytotoxin N[ Dl | F| H| sl G p|D| L] L SEQ ID NO: 13
A. pleuropneumoniae RI D} I| F|H|G|A DIDJL|L SEQ ID NO: 14
serotype 8 cytolysin
Aa. N[ Djy V] FlH| G| H{ D DID{L}{I SEQ ID NO: 15
25 actinomycetemcomitans
leukotoxin
A. pleuropneumoniae R{DJI ‘E‘ H| G| A| D D|D|LIL SEQ ID NO: 1ls
serotype 2 cytolysin
Consensus sequence D FlHl gl A DI D L/i | SEQ ID NO: 17
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Table 5 shows amino acid sequence of M. bovis cytotoxin
peptide peak #26 aligned with known published amino zacid
sequences of RTX toxins.

Obtained results show that a relationship exists between
the M. bovis cytotoxin and the RTX family of toxins. These
results are further supported by the earlier findings of other
investigators that a monoclonal antibody to the RTX toxin of
E. coli, namely alpha-hemolysin, recognized a protein in

hemolytic and cytolytic extracts from hemolytic but not

nonhemolytic M. bovis (Vet. Microbiol., 43:183-196 (1995)).

C. Deduced Aminoc Acid Sequences

Amino acid sequences of products MbxA, MbxB, MbxC and
MbxD of the four genes mbxA, mbxB, mbxC and mbxD were deduced.
The peptide MbxA is the structural cytotoxin. Peptides Mbx3B,
MbxC and MbxD are involved in M. bovis cytotoxin activity.

Specifically, MbxA peptide is encoded by the mbxA gene.
DNA sequence of the mbxA gene was determined according to the
Example 17. Plasmid DNA was isolated with Qiagen plasmid
minipreps (Qiagen, Valencia, CA). Tﬁé DNA sequence of the
complete cytotoxin gene was obtained by seguencing PCR
products directly or PCR products cloned into pCR2.1-T0PO
(Invitrogen) with a TOPO TA cloning kit (Invitrogen). PCR
primers C-down and B-up, corresponding to conserved regions
within respective RTX C and B genes of other RTX tzsx:in
producing bacteria, were used for PCR amplification. Thease
primers amplified a 4 kb region that contained an open reai:n
frame (ORF) of 2784 nucleotide bases including stop czdizn
depicted as sequence SEQ ID NO: 1, seen in Figure 3. Th.s

gene was designated mbxA.
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The MbxA protein encoded by mbxA gene was deduced to be
927 amino acids with a predicted molecular mass of 98.8 kDa
(SEQ ID NO: 2).

There was approximately 40-50% identity between deduced
amino acid sequences of mbxA and other RTXA genes.
Specifically, there was 50.4% identity with M. haemolytica
LktA, 49.1% with A. pleuropneumoniae ApxIIA, 48.7% with A.
suis ClyIIA, 43.5% with E. coli HlyA, and 40.9% with A.
actinomycetemcomitans LtA. A sequence alignment of MbxA with
LktA, ApxIIA, and HlyA is shown in Figure 4.

Figure 4 shows alignment of the deduced amino acid
sequences of MbxA and RTX toxins of M. (Pasteurella)
haemolytica (LktA), A. pleuropneumoniae (ApxIIA) and E.coli
(HlyA) . Black boxes indicate identical amino acids. Gray
boxes indicate highly similar amino acids.

The location of peptides #23 and #26 derived from trypsin
digestion of the 70 kDa protein are indicated except that the
residue at position 720 was designated serine by N~terminal
Edman degradation chemistry. The sequences corresponding to 6
glycine rich repeats are indicated on the top MbxA sequence by
double lines. The expressed recombinant internal peptide
corresponded to amino acid 438 through 713. The expressed
recombinant carboxy peptide corresponded to amino acids 643
through 927. Lysines at positions 536 and 660 (marked by *)
are hypothetical acylation modification sites as determined by
relatedness of the neighboring amino acids to published

consensus sequences (Infect. TImmun., 64:3081-7 (1996) and

Microbiol. Mol. Biol. Rev., 62:309-33 (1998)) surrounding

modified lysine residues of HlyA.
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MbxA protein has been found to have as much as 50%
identity with other RTX toxins and this homology extends over
the length of the protein. The carboxy terminus of MbxaA
features glycine rich repeats that are characteristic of RTX
proteins. Specifically, there are six glycine-rich repeats in
the carboxy terminal 325 amino acids of MbxA. Four of these
exactly match the predicted L/V-X-G-G-X-G-N/D-D-X (SEQ ID NO:
29) consensus for glycine repeats in RTIX toxins.»

Identification of MbxA protein in M. bovis in culture
supernatants is illustrated in Figure 5.

Figure 5 is an autoradiogram demonstrating cytotoxin MbxA
in culture supernatants of T+ and Tifton I. Three hour
culture supernatants from T+, T- and Tifton I (Tif I) were
electrophoresed on a 3.9%/7.5% SDS-polyacrylamide gel, and
transblotted to Immobilon-P (Millipore) and probed with rabbit
antisera against the expressed recombinant carboxy peptide
(1:250 dilution). Molecular mass markers 45 kDa, 66 kDa, 97
kDa, 116 kDa and 200 kDa are indicated. Two proteins with
molecular masses of 102 and 105 kDa were present in cultgre
supernatants from both T+ and Tifton™ I. No immunoreactive
proteins were present in the T- culture supernatant. These
proteins were concluded to represent full length MbxA protein.

During longer incubations (4-6 hours), smaller
immunoreactive proteins with moiecular masses ranging from 52
to 91 kDa were identified in the culture supernatant as shown

in Figure 6.

Figure 6 is an autoradiogram of culture supernatants from
a Tifton I broth culture at 3, 4, 4.5, 5 and 6 hour time
points. The blot was probed with rabbit antiserum against the

expressed recombinant internal peptide encoded by MbxA gene
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(amino acids 438 through 713). Molecular mass markers 45, 66,

97, 116 and 200 kDa are indicated.

The appearance of proteins that were smaller than the 102
and 105 kDa predicted full length cytotoxin, following 4-6
hours of incubation, as seen in Figure 6, has been attributed
to proteolysis. Hemolytic M. bovis produces numerous
hydrolytic enzymes including C4 esterase, C8 esterase-lipase,
Cl4 lipase, phosphoamidase, phosphatase, leucine and valine
aminopeptidases and gelatinase. Proteolysis is believed to
account for the difference in mass between the 70 kDa protein
selected for amino acid sequencing and the 98.8 kDa molecular
mass predicted for full length MbxA. The data indicéte that
M. bovis could also express smaller molecular mass proteins
that share epitopes with the internal region MbxA.

To confirm that MbxA encoded the M. bovis cytotoxin,
neutralization assays were performed with antisera that was
preabsorbed with the recombinant expressed carboxy terminus of
MbxA (carboxy peptide). Results are seen in Figure 7.

Figure 7 shows percent neutralization (& 1 standard
deviation) of cytolysis (top) and hemdlysis (bottom) by non-
immune sera alone or preabsorbed with the carboxy peptide.
Cytotoxin was tested for neutralization with nonimmune fetal
bovine serum (FBS); with preimmune sera A and B obtained from
two rabbits A and B; with immune rabbit anti T+ sera obtained
from T+ rabbit polyclonal antisera to culture filtrates from
M. bovis strain T+; and with immune sera A and B obtained from
rabbits A and B vaccinated with the carboxy peptide.

As seen in Figure 7, rabbit anti T+ sera lost over 50% of
its hemolytic and cytolytic neutralizing capacity following

preabsorption with the carboxy peptide. Rabbit antisera
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Peptide #26 of MbxA cytotoxin is depicted by the amino
acid sequence identified as SEQ ID NO: 13. The peptide #26
aligns with A. pleuropneumoniae serotype 8 cytolysin (SEQ ID
NO: 14), A. actinomycetemcomitans leukotoxin (SEQ ID NO: 15)
and A. pleuropneumoniae serotype 2 cytolysin (SEQ ID NO: 1lo6),

as seen in Table S (supra). Table 5 also lists a consansus

sequence (SEQ ID NO: 17).

Additionally, the deduced amino acid sequsnces of
products of M. bovis RTXRB (MbxB), RTXC (MbxC) and RTXD (MbxD)
genes were determined.

The deduced amino acid sequence of product of M. bovis
RTXB gene (MbxB) is depicted by SEQ ID NO: 18. The MbxB
protein encoded by mbxB gene was deduced to be 739 amino acids
. Amino acid sequence of the MbxB protein is seen in Figure 8.

Deduced amino acid sequence MbxB aligned with other
products of the RTXB genes, as ssen in Figure 9. Figure 9
shows an alignment of M. bovis (MbxB) with the deduced amino
acid sequences of RTXB genes from M. (Pasteurella) haemolytica
(LktB) (SEQ ID NO: 19), A. bleuropneumoniae (ApxIB) (SEQ ID
NO: 20) and E. coli (HlyB) (SEQ ID NO: 21). Black boxes in

Figure 9 indicate identical amino acids. Gray boxes indicate

highly similar amino acids.

The deduced amino acid sequence of product of M. bovis
RTXC gene (MbxC) is depicted by SEQ ID NO: 32. The MbxC
protein encoded by mbxC gene was deduced to be 169 amino
acids. Amino acid sequence of the MbxC protein is seen in
Figure 10.

Deduced amino acid saquence MbxC aligned with other
products of the RTXC genes, 25 seen in Figure 10. Figure 10

shows an alignment of M. bovis (MbxC) with the deduced amino
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acid sequences of RTXC genes from M. (Pasteurella) haemolytica
(LktC) (SEQ ID NO: 33), A. pleuropneumoniae (ApxIC) (SEQ ID
NO: 34) and E. coli (HlyC) (SEQ ID NO: 35), as seen in Figure
11. Black boxes in Figure 11 indicate identical amino acids.
Gray boxes indicate highly similar amino acids.

The deduced amino acid sequence of MbxD protein encoded
by the M. bovis RTXD gene (MbxD) is depicted by SEQ ID NO: 37.
The MbxD protein encoded by mbxD gene was deduced to be 476

amino acids. BAmino acid sequence of the MbxD protein is seen

in Figure 12.

Deduced amino acid sequence MbxD aligned with other
products of the RTXD genes is seen in Figure 13. Figure 13
shows an alignment of M. bovis (MbxD) with the deduced. amino
acid sequences of RTXD genes from M. (Pasteurella) haemolytica
(LktB) (SEQ ID NO: 38), A. pleuropneumoniae (ApxIB) (SEQ ID
NO: 39) and E. coli (HlyB) (SEQ ID NO: 40). Black boxes in
Figure 13 indicate identical amino acids. Gray boxes indicate
highly similar amino acids.

The above findings conclusively documents the presence of
RTX gene (mbxA) and other RTX genes in M. bovis. The mbxa gesns
encodes a protein MbxA which has been found to be <the
etiologic agent of infectious bovine keratoconjunctivicis.
The data also show that the protein expressed from this gen=
is responsible for the hemolytic and cytolytic activizy
present in culture extracts from pathogenic M. bovis, and zhus
proves that the M. bovis cytotoxin is an RTX toxin.

E. Cvtotoxin Gene mbxA and mbxB, mbxC and mbxD G=r253

Cytotoxin gene mbxA and othe RTX genes, namely mbx3, mox’”
and mbxD belong to a family of RTX genes encoding baczer:

pore-forming toxins. RTX genes are composed of four :a2n=2s
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organized 5’—C—A—B—D—3'. The mbxC gene is located upstream of
mbxA. The mbxB and mbxD are located downstream of mbxA.

The product of the RTXA gene is the structural toxin
which 1is activated by the RTXC gene product to become
hemolytic. Such activation is mediated by fatty acylation of
conserved lysines. The activated toxin 1s secreted by
membrane transport proteins encoded by RTXB and RTXD genes and
a third protein TolC.

The cytotoxin gene mbxA, disclosed herein, has similar
properties to other RTX genes and, as described above, its
encoded protein MbxA has.SO% identity with the deduced amino
acid sequence of M. haemolytica leukotoxin. MbxA protein has
6 glycine-rich repeats in the carboxy terminus and two
putative lysine acylation sites which are necessary for toxin

activation.

RTX toxin gene mbxA was now shown to encode the M. bovis

cytotoxin.

1. Structures of the mbxAd, mbxB, mbxC and mbxD

Genes

bNA sequence identified as SEQ ID No: 1 represents the M.
bovis RTXA gene mtxA. The nucleotide sequence of the mtxA gene
is shown in Figure 3. The gene mtxA comprises an ORF of 2784
nucleotcides including stop codon.

The sequence of the cytotoxin gene was determined
according to the procedure described in Example 18, using
primers identified by the nucleotide sequences SEQ ID Nos: 23-
26.

DNA sequence identified as SEQ ID NO: 30 represents the

M. bovis RTXB gene mtxB. The nucleotide sequence of the mtxB



10

15

20

25

WO 02/102408 PCT/US02/18263

24

gene is shown in Figﬁre 8. The gene mtxB comprises an ORF of
2215 nucleotides including stop codon.

DNA sequence identified as SEQ ID NO: 31 represents the
M. bovis RTXC gene mtxC. The nuclectide sequence of the mtxC
gene 1s shown in Figure 10. The gene mtxC comprises an ORF of
507 nucleotides including stop codon.

DNA sequence identified as SEQ ID NO: 36 represents the
M. bovis RTX D gene mtxD. The nucleotide sequence of the mtxD
gene is shown in Figure 12. The gene mtxD comprises an ORF of
1428 nucleotides including stop codon.

Corresponding protein products encoded by these genes are
described above. |

2. Cloning of mbxA, mbxB, mbxC and mbxD Genes and
Expression of Recombinant Proteins

In order to produce highly purified recombinant cytotoxin
peptides, portions of the cytotoxin gene were cloned into
expression vectors according to procedures described in
Example 18. An internal peptide and carboxy peptide were
expressed corresponding to amino acids 438 through 713 and 643
through 927, respectively. b

3. Confirmation of Recombinant Protein Identity

Identity of produced recombinant protein was confirmed by

neutralization studies, describéd in Example 21 and in Figure

7.

Preparation of recombinant protein was done according to

Example 18.
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IITI. Bioloqicaliv Derived or Recombinant Anti-Moraxella

bovis Vaccines

A. Cvtotoxin Vaccines

Vaccine 1s a biologically derived or recombinantly
prepared agent useful for artificially acquired immunization
in a host. The current invention describes the production of
biologically derived and recombinant vaccines for active
immunization of cattle and calves against IBK and includes the
preparation of passive immune products for treatment of
established infections.

The scope of the invention is, therefore, intended to
include biologically derived or recombinantly ‘prepared
vaccines based on the antigens (a native or recombinant
cytotoxin or a fragment thereof) of the invention.

The native vaccine is produced from isolated and
partially purified native cytotoxin. The recombinant vaccine
is produced by identifying the relevant cytotoxin or a
fragment thereof, cloning them and expressing them using
suitable vectors. This approach yields immunogens which are
pure and reproducible in sufficiently large quantities to
allow preparation of a vaccine for active immunization.

Recombinant vaccines are useful for immunization of the
cattle or calves to produce the host's own antibodies against
an M. bovis infection. Additionally, the recombinant vaccines
may be used for production of passive immunotherapeutic
agents.

These vaccines are also useful for primary protection
against M. bovis infection in calves. Providing the herd with
anti-M. bovis immunity decreases the risk for outbreaks of IBK

in areas where the infection is prevalent.
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In addition, mbxA DNA or RNA may be introduced into
cattle so that propagation and/or expression of the encoded

protein occurs in the host using a foreign expression system

according to the methods known in the art.

The vaccine of the invention contains a cytotoxin
identified by the invention, modified in such a way that it is
incapable of producing the IBK symptoms but 1is capable of
eliciting the production of specific protective antibodies
against the disease when introduced in the body.

A DNA or RNA vaccine for prevention and treatment of
infections caused by M. bovis is developed by utilizing newly
identified and isolated DNA (SEQ ID NO: 1) and amino acid (SEQ
ID NO: 2) sequences of the cytotoxin made by the M. bovis
pathogen.

The antigen proteins used for preparation of vaccines
correspond to cytotoxin or a cytotoxin fragment, which are
identified by being a target of the polyclonal or monoclonal
antibodies of the 1invention capable of preventing or
ameliorating the disease.

A hybrid vector comprising a DNA segment that encodes the
protein antigen able to bind selectively and specifically to
anti-M. bovis antibodies operatively coupled to the vector can
also be prepared and expressed. This includes preparation of
recombinant vaccines using the viral expression vector outside
of the host body and the preparation of DNA vaccines in
procaryotic or eukaryotic hosts carrying the hybrid vector
which may be introduced into the cattle or calf or a direct
introduction of DNA or RNA into cattle or calf cells

generating the host's own expression or translation of DNA or
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RNA, respectively, and production of proteins eliciting

appropriate antibodies.

B. DNA and RNA Vaccines

DNA or RNA vaccines for immunization against M. bovis are

prepared as described in Science, 2359:1745 (1993), hereby
incorporated by reference. DNA or RNA vaccines for

development of immunity for cattle and calves against IBK are
produced according to the methods described ibid.

Briefly, animals are injected, preferably
intramuscularly, with DNA vectors encoding the deactivated
anti-M. bovis antigen DNA or RNA and the antigen is produced.
Th produced antigen elicits its own immune responses in the
form of a formation of a specific antibody against anti-M.
bovis antigen, thereby providing its own (native) immunity
and/or cell mediated responses.

C. Field Trials with Vaccines

Both in vitro and in vivo studies were performed in order
to determine whether the native or recombinantly produced
cytotoxin can be used as agent for provoking active immunity
against M. bovis and for preparation of vaccines.

As described above, antibodies to both native partially
purified and recombinantly produced cytotoxins were tested for
their cytolytic and/or hemolytic inhibitory activity 1in
neutralization studies describéd in Examples 7-13, and >zoth
were shown to be inhibited with antibodies raised against
native or recombinant protein. Both proteins also induced
production of antibodies that recognize cytotoxin/cytczzxkin

peptides.



10

15

20

25

30

WO 02/102408 PCT/US02/18263

28

Field trials were performed for testing both the

partially purified native and recombinantly produced

cytotoxin.

1. Native Cvtotoxin Vaccines

M. bovis cytotoxin is a labile protein of which activity
rapidly disappears when removed from the bacterial cell. This
property previously prevented its complete characterization.
To overcome this, a method for partial purification and
stabilization of cytotoxin was developed and such partially
purified and stabilized cytotoxin was used for preparation of
a vaccine for field trials.

In order to determine suitability of such partially
purified native M. bovis antigen (cytotoxin) for vaccination
against M. bovis, two field trials were performed where the
cytotoxin was administered as a vaccine formulated according
to Example 23.

The first field trial was performed on 82 cattle to
determine the suitability of the cytotoxin in a vaccine to
prevent IBK. In this trial the vaccine was a partially

purified cytotoxin formulated either ih Quil A adjuvant or in

an immunostimulating complex (ISCOM), a matrix that is
composed of Quillaja saponins (Quil A), cholesterol,
phospholipids and the antigen of interest. ISCOM based

vaccines utilizing antigens of éovine Herpes Virus-1, Bovine
Virus Diarrhea Virus and Bovine Leukemia Virus are known to be
successful immunogens in cattle.

Prior to the field trial testing the M. bovis cytotokin
vaccine, a preliminary study had shown that calves vaccinated
with a cytotoxin vaccine developed higher tear IgA

concentrations than calves vaccinated with a cytotoxin in oil
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adjuvant. Results ofAthe first field trial showed that calves
receiving the cytotoxin vaccine had a significantly reduced
requirement for treatment of IBK and had significantly reduced
Che severity of clinical IBK as compared to control calves.

To further evaluate the efficacy of an ISCOM vaccine
using partially purified M. bovis cytotoxin, a second field
trial was conducted according to Example 23.

Briefly, a group of 104 calves on a farm with a
historically high (> 50%) incidence of IBK were randomly
assigned to receive one of three different vaccine
compositions: A) saline (controls); B) ISCOM-cytotoxin; and C)
ISCOM alone (adjuvant).

Calves were vaccinated on days 0 and 21. The individual
responsible for all subsequent examinations of the calves was
blinded as to treatment group assignments. The calves were
then examined once weekly throughout the summer.

In the saline control group A, total of 18 of 34 calves
developed IBK, while only 7 of 35 calves in the ISCOM-
cytotoxin group developed IBK. Fifteen of 35 calves that
received adjuvant alone developed IBK.- The cumulative number
of calves with ulcers in one eye over time is shown in Figure
14. The cumulative number of calves that develop IBK was
significantly less in the vaccinated group by the 10 week and
remained so until the end of the study. The number of calves
with corneal ulcers during the study is presented in Figure
15.

The cumulative number of vaccinated calves with severe
corneal ulcers (ulcer score > 1) was significantly lower in
the antigen vaccinated calves than in the controls or in the

adjuvant only group on observations. There were no
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the adjuvant only groups.

The surface area measurements and the clinical scores of
the corneal ulcers are shown in Table 6.
S Table 6

Surface Area Measurements of the Corneal Ulcers

and Clinical Scores of Vaccinated Calves and Controls

Peak Surface area Surface area of Clinical scors of
10 of First corneal corneal ulcer corneal ulcer
ulcer when first when first
observed observed
Group
15 | saline (n=34) 1.59+%4.0(21.6)" 0.714%1.8(11.5)" 0.58%0.7
Vaccine (n=35) 1.00£5.5(31.2~* 0.082+0.2(9.2)*>" 0.71x0.8*
Adjuvant (n=35) 1.27£2.9(11.5)" 1.23£2.91(1.1)¢ 0.171£0.4
20
The numbers reflect the mean value * the standard
deviation. Numbers in parenthesis reflect the range of
values.
Table 7
25 Descriptive Data Regarding Recurzences, Treatment
and Peak Corneal Ulcer Scores
Group No. Recurrences?* No. Calves treated | Peak CUS*
Saline (n=34) 5/18* 10*
Vaccine (n=35) 3/7 4
30 Adjuvant (n=35) 6/15 9

* Differences were not significant (P>0.05)

2 Numbers reflect number affected divided by the number of
calves with corneal ulcers.
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The number of caives in the saline, vaccine and adjuvant
groups that received antibiotic treatment, and the number of
recurrences was not significantly different (Table 7).

Intact iscoms were present in low concentrations in

5 indirectly stained ultracentrifuged sediments that were
examined by electron microscopy.

Beginning on the 8% observation week, and continuing
thereafter wuntil the 15% 'observation week, there were
significantly fewer cumulative infections in calves in the

10 vaccine group than in either of the control groups (Figure
14). There were no significant differences in numbers of
cumulative infections between the calves that received
adjuvant only and those of the controls.

Table 8

15 Cumulative Numbers of Calves with Corneal Ulcers

at FEach Observation

Group
20 Observation
Week Saline Vaccine . Adjuvant
(n=34) (n=35) (n=35)
All 22 CUS ALl 22CUS All 22CUS
25 0 0(0) 0(0) 0{(0) 0 0(0) 0
1 0(0) 0(0) ooy . 0 0(0) 0
2 0(0) 0(0) 1(2.9) 0 0(0) 0
3 1(2.9) 0(0) 1(2.9) 1(2.9) 1

30

5(14.7) 3(8.8) 4(11.4)

8 7(20.6) 3(8.8) il 4
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10 12(35.3) 6(17.6) 4(11.4) 1 11(31.4) 5
11 13(38.2) 7(20.86) 4(11.4) 1 11(31.4) 5
12 13(38.2) 7(20.86) 4(11.4) 1 12(31.4) 7
13 14(41.1 8(23.5) 5(14.3) 1 14(34.3) 7
14 15(44.1) 8(23.5) 5(14.3) 3 15(40.0) 7
15 16(47.1) 10(29.4) 5(14.3) 3 15(42.9) Ej
16 18(52.9) 10(29.4) 7(20.0) 4 15(42.9) 9

The native vaccine was found to be effective at
preventing new cases of IBK and the vaccine afforded
protection against natural exposure. The antigenic mass of
this experimental vaccine was concentrated from 5 liters of
supernatant from hemolytic, toxigenic M. bovis. The retentate
of that process was diafiltered extensively, effectively
removing any solubilized protein with a molecular mass
<100,000 daltons. A  companion study showed that the
leukotoxin was concentrated and stabilized in the diafiltered
retentate. This proved to be antigenic and immunogenic in the
field study described herein.

As measured by decreased cumulative infection, and
decreased numbers of affected calvesf’vaccination with <che
vaccine derived from cytotoxin induced a resistance to
infection under field conditions.

Results from this and Rrevious studies provided a
rational basis for pursuing the development of the -vaccin
comprising the native cytotoxin. Unfortunately, the labili:y

of the cytotoxin and the difficulty associated with puriiy:in

{

it in milligram quantities limited its wusefulness :o

t

practical use. To overcome these obstacles, techniquss :
molecular cloning and biotechnology to study the M. Z:v:is

cytotoxin were undertaken as described above and in Examc.=2s
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and the recombinant protein was used for preparation of

recombinant vaccines.

2. Recombinant Vaccines

Recombinantly prepared cytotoxin was used for preparation
of recombinant anti-M. bovis vaccine using procedure as
described in Example 24,

For the preparation of vaccine, the M. bovis cytotoxin
was expressed as described in Example 24, and expressed
purified protein was mixed with the ISCOM following ISCOM
matrix formation. The vaccine was prepared according to
Example 24.

For vaccine production, ISCOM matrix preparation was
mixed 1:1 (v/v) with the recombinant protein solution.
Vaccine (2 ml) was used for primary vaccination and for
follow-up booster inoculations. ISCOM marix adjuvant was used
for control.

To determine if recombinantly derived M. bovis RTX toxin
vaccine could prevent IBK, a vaccine trial was conducted
during summer. In this trial, beef calves were randomly
divided to receive saline, adjuvant aldne (ISCOM matrix), or
a recombinant M. bovis RTX toxin subunit vaccine. Vaccines
were administered subcutaneously and calves were boostered 21
days later. The recombinant toxin wvaccine contained the
carboxy terminal 338 amino aciés of MbxA. The calves were
examined once per week for IBK through mid-September. Results
indicated that fewer cases of IBK occurred in the recombinant
vaccine group.

A total of 93 calves wére enrolled in the study.
Respective calf numbers in each vaccine group were: 29 CTRL

(saline control); 31 ADJ (ISCOM MATRIX contact); and 33 VAC
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(ISCOM matrix plus reéombinant protein). At the end of the 20
week trial, a total of 47 calves developed corneal ulcers
(50.5%) . Respective numbers of ulcerated calves were 17
(54.8%), 17 (58.6%), and 13 (39.4%) for the CTRL, ADJ, and VAC
groups. Figure 16 shows the cumulative proportion of calves
with ulcers at each weekly interval. During weeks 4 and weeks
11 through 15, there were significantly fewer ulcerated calves
in the VAC group relative to the CTRL group. At week 4, there
were significantly fewer ulcerated calves in the VAC group
relative to the ADJ group.

Results of this field trial clearly show that the vaccine
comprising recombinantly derived cytotoxin provided immunity
against M. bovis in vaccinated animals.

(V. Prophvlaxis of IBK with Antigen Vaccine

Using vaccines described above comprising weither the

purified native or recombinantly prepared cytotoxin antigen,
the cattle and/or calves are vaccinated using a regimen
typically utilized for immunization by vaccinating the animals
at least 'twice in about a 3 week interval and with a booster
vaccine at least once a year. >

A method of prophylaxis of M. bovis infection comprises
administering to the animal in need of such treatment a
vaccine comprising the cytotoxin or recombinant cytotoxin of
this invention capable of eﬁaogenous development of an
inhibitory amount of anti-M. bovis antibodies.

V. Diagnostic Utilities

Cytotoxin of the invention and/or antibodies against M.
bovis may also be used for diagnostic purposes, such as for

detection of M. bovis carrier cattle.
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In the simplest form, serum ogtained from the cattle is
reacted with monoclonal or polyclonal antibody raised against
native or recombinant M. bovis cytotoxin. The antibody
binding or forming complex with the antigen indicates the
presance of antigen. Following technigques may be
advantageously used for M. bovis antigen identification.

Antigen capture ELISA is a technique for identifying an
antigen in a sample. In the case of M. bovis detection, it
can be used to identify cytotoxin in tear samples from cattle
or respiratory or vaginal secretions to identify carrier
cattle. The technique utilizes an antibody directed}against
the antigen (cytotoxin)) which is fixed on a solid support.
It then uses traditional ELISA techniques to develop a color
change indicative of cytotoxin presence.

Diagnostic PCR utilizes primers, in this case, primers
suitable for cytotoxin gene sequence, to amplify DNA from
tissue samples, such as ocular, respiratory, or vaginal
secretions, for example.

Fluorescence Resonance Energy Transfer (FRET) technology
is also suitable to diagnose M. bovis carriers. This
technology utilizes PCR primers linked to chemicals that
flucresce under certain conditions. If these primers detect
the mbxA gene in sample DNA or bacteria, they emit certain

-

detectable fluorescent spectra.

Method of diagnosing cattle that are carriers of M. bovis
by use of antibodies (monoclonal or polyclonal) using an
antigen capture ELISA.

Method to diagnose infection with hemolytic M. bovis

utilizes diagnostic PCR of using DNA sequence data.
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UTILITY
The current invention provides native or recombinant
vaccines for immunoprotection against M. bovis infections and
development of IBK in cattle and calves and methods for
detection of latent Moraxella bovis infections.
EXAMPLE 1

Isolation of Moraxella bovis Bacteria

This example describes isolation of a cytolytic strain of
Moraxella bovis T+ and a noncytolytic subculture T-.

A hemolytic, pathogenic strain of Moraxella bovis (T+)
was 1solated from a beef cow with infectious bovine
keratoconjunctivitis. Cytolytic EPP and GLN 63 strains were
furnished by Dr. G. W. Pugh (Ames, Iowa), and additional
isolates were obtained from field specimens that were
submitted to the laboratory for confirmation of bacterial
identification. These additional isolates were recovered from
clinically affected cattle located in regions of the United
States that included southern Georgia (Tifton 1, Tifton 2),
northern Georgia (GA 3), northern California (LS-2, LS-4, LS~
6), southern California (LS-3, LS-8), Washington (LS-5), and
North Carolina (LS-7). Isolate were identified and propagated
as described in Acta Path. Microbiol. Scand., 80B, 629-640
(1972) and in Identification gf Non-Enteric Gram-Negative
Bacteria, US Dept. Health Education and Welfare Technical
Report, Center for Disease Control, Atlanta, GA (1979).

EXAMPLE 2

Purification and Concentration of the Cvtotoxin

This example describes the procedure used Ior
purification and concentration of the cytotoxin when produced

in M. bovis shaker cultures.
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The cytotoxin waé produced in broth shaker cultures that
were inoculated with lawn cultures of M. bovis. The inoculum
was harvested from the surface of 10, 20 hour sheep blood agar
plate lawns of M. bovis with sterile cotton tipped
applicators. The bacteria on the swab were suspended into 10
ml of heart infusion broth (Difco Laboratories, Detroit, MI)
spiked with 1.5 mM CacCl,.

Flasks were inoculated with the suspension, and wers
incubated at 35.5%#0.5°C on a rotary shaker set at 200
oscillations per minute. The cultures were removed from the
incubator when the optical densities (420 nM) reached 1.85.
For purification, the cultures (living whole cells) wers
centrifuged for one hour at 13,000 x g (4°C) and the
supernatants (centrifuged supernatants) were filﬁered through
a sterile 0.2 um polyethersulfone membrane (Gelman Sciences,
Ann Arbor, MI).

Permeates from these filtrations (bacterial filter
permeate) were concentrated approximately 100 fold by
ultrafiltration, and further purified by diafiltration
(diafiltered retentate) against 45 volumes of chilled (4°C)
buffer consisting of 350 mM Tris (pH 8.2), 500 mM sodium
acetate, 1.5 mM CaCl, and 20% glycerol. Diafiltration was
discontinued after the optical density (280 nm) of =the
diafiltered permeate reached <0.01. Specimens collected ac
each stage of preparation were examined for hemolytic and
leukotoxic activities.

Filters that were used for concentration and
diafiltration, included cartridges of spiral wraccad,
regenerated cellulose (100 kDa molecular weight cuz-:z:IZ,

CH2PRS® system S1Y100 membrane, Amicon, Beverly, Ma), and I1z7
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polyethersulfone membranes (300, or 500 kDa molecular weight
cut-off, stirred cell, XM 300 or YM 500 membranes, Amicon).

Results indicated that there were no differences in the
retention of the cytotoxin by the filters, but because of ease
of use, and capacity, most studies were performed using the
regenerated cellulose filter. Each filtration step was
conducted according to the manufacturer’s recommendations,
which included 30 PSI operating pressure, 300 to 500 ml/minute
flow rate, and a S to 10 PSI pressure differential.

Due to the length of time required for diafiltration,
initial measurements of cytolytic activity did not commence
until 16 to 20 hours after the broth cultures were first
centrifuged. For stability studies, cytolytic activities of
the refrigerated retentates and permeates were centrifuged.
For stability studies, cytolytic  activities of the
refrigerated retentates and permeates were re-examined 7, 14,
and 57 days later. Cytolytic activities of frozen (-70°C)
samples were remeasured after 120 days. All measurements were
made from at least duplicate experiments.

EXAMPLE 3 >

Cvtotoxin Preparation for Neutralization Studies

This example describes the procedure used for preparation
of cytotoxin for neutralization studies.

Moraxella bovis lawns were-grown on trypticase soy agar
plates supplemented with 5% sheep blood. After 24 hours of
incubation, the bacterial cells were harvested by flooding the
plate with 10 ml of Tris buffered saline solution (TBS CaCl,
50 mM Tris, 150 mM NaCl, 1.5 mM CaCl,, pH 8.0), and suspending
the bacterial growth with a sterile inoculating loop. The
suspensions were collected from the surface of the agar, and

then were centrifuged at 27,000 x G for one hour. After
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centrifugation, the supernatants were harvested, filtered

through 0.22 uM polyethersulfone membrane (Gelman Biosciences,

Ann Arbor, Michigan), and tested for cytolytic activity.
EXAMPLE 4

Cvtotoxicitv Assay Using 5Cr-Labeled Cells

This example describes the assay for determination of
cytotoxicity, using cells labeled with ®'chromium.

A stable, tissue culture adapted cell line of bovine
lymphocytes BL-3 cells, supplied by Dr. Gordon Thielen,
University of California, Davis, were used as targets in the
cytotoxicity assays. The cells were grown from frozen seed
cultures at 37°C in 5% CO, in Liebovitz L-15 and Minimal
Essential Media (l:1; v/v) with penicillin (100 IU/ml),
streptomycin (100 wug/ml), and 15% fetal bovine serum until
sufficient density was achieved (3 to 4 days). The cells were
harveéted by centrifugation, and the pellets were washed 3
times in Dulbecco’s phosphate buffered saline solution (DPBS).
After the wash, the cells were resuspended in DPBS to a final
concentration of 2 X 107/ml, labeled with 200 wCi of °*Cr (1
hr, 37°C), and then washed three times in McCoys 5A buffer
(Gibco/BRL, Grand Island, NY). After the final wash, the
cells were diluted to a final concentration of 1 X 10°/ml in
McCoys S5SA buffer.

For measurement of cytotoxicity, 500 ul of labeled BL-3
cells were added to 500 ul of sample and incubated for one
hour at 37°C. After incubation, the cells were centrifuged
and the radioactivity was measured in 500 wxl of supernatant.
Labeled cells (500 wl) in 500 ul of labeled cells lysed with
Triton X-100 (Sigma, St. Louls, Mo.) served as respective
negative and positive controls. The % lysis was calculatad

using the formula:
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% lysis = Ecounts per minute (CPM) of specimen- media CPMJ x 100
Triton X CPT- medla CPM

For calculations relating to specific activity, a unit of
cytotoxic activity was defined as the amount of leukotoxin
required to release 1% of the total amount of 5 Cr from the
labeled BL-3 cells.

EXAMPLE 5

Cvtotolytic Assav Using Non-Labeled Target Cells

This example describes the assay for determination of
cytotoxicity using non-labeled target cells.

Cytolytic activity for bovine lymphocytes was also
measured by assaying the release of lactate dehydrogenase
(LDH) . These tests were performed by washing BL-3 cells three
times a diluting them to a final concentration of 5 x 10°
cells/ml in DPBS, adding 100 ul of BL-3 cells to 100 ul of
sample 1in 96-well polypropylene plates (Becton Dickinson,
Franklin Lakes, NJ) and incubating the mix for 60 minutes
(37°C) while being shaken for 30 seconds every 15 minutes.
Duplicate measurements were made on each specimen.

After the incubation was completed, a 50 ul aliquot of
supernatant from each well was transfesred to a corresponding
well in a new polystyrene plate (Costar, Cambridge, Ma), and
75 ul of 0.75 mM B-NADH in 100 mM potassium phosphate pH 7.2
was added. The change in absorbance (340 um) was measured
every 15 seconds using an automated reader.

After 50 measurements, lactate dehydrogenase activity was
recorded in units/ml with units representing the reciprocal
slope of a line plate of aA/aT. For wvalidation, 1lytic
activities of 0.22 uM filter sterilized culture supernatants

were measured concurrently using °Cr release and LDH assays.
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EXAMPLE 6
Neutralization Assav Using 5'Cr Labeled Cells

This example describes the assay used for neutralization
with *'chromium-labeled cells.

Prior to neutralization, sera were diluted 1:5 or 1:10 in
TBS CaCl, or McCoys 5A buffer and 200 ul was mixed with 500 wl
of specimen, refrigerated (4°C) for one hour, and then mixed
with 500 wl of labeled BL-3 cells. The cells and sera were
incubated (37°C) and rotated at 15 revolutions per minute for
one hour before centrifuging each specimen and measuring the
radioactivity in 500 ul of supernatant. For controls,

dilutions of irrelevant rabbit sera, or fetal bovine serum was
substituted.

EXAMPLE 7
Neutralization Assav Using Non-Labeled Target Cells

This example describes the assay used for neutralization
with non-labeled target cells.

Cytolytic and hemolytic bacterial filter permeates were
prepared by flooding agar lawn cultures of M. bovis with 10 ml
of TBS CaCl,, centrifuging the suspension and filtering the
supernatants through sterile polyethersulfone membranes (0.2
um average pore diameter). Heat inactivated sera were diluted
in TBS cCacCl,. Aliquots (50 ul) of the bacterial filter
permeates from T+ and T- were mixed with 50 ul of each serum
dilution, and the mixture was refrigerated (4°C) for 60
minutes before the addition of 100 ul of diluted BL-3 cells.
The cell-serum mixture was further incubated (37°C) for 60
minutes with gentle agitation for 30 seconds every 15 minutes.
After incubation, 50 ul of the mixture was transferred to a

new tissue culture plate =o measure the cell free LDH
activity.
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EXAMPLE 8
Hemolysin Assay

This example describes conditions used for the hemolysin
assay.

Bovine erythrocytes, harvestaed from 10 ml of heparinized
blood of a normal cow, were packed by centrifugation and
washed three times with TBS CaCl, buffer. For the hemolysin
assay, 10 pul of packed erythrocytes were added to 500 ul of
sera of 10-fold dilutions of sample. The mixtures were
incubated for 6 hours (37°C) before final evaluation of
hemolytic activity. Controls included washed erythrocytes in
TBS CaCl, incubated with, or without 10% Triton X as respective
positive and negative controls. For measurement of hemolytic
activity of column fractions, a mixture of 10 wul of packed,

washed bovine erythrocytes and 500 pul of sample, was incubated

for 6 hours (37°C). After incubation, the cells were
centrifuged, and the absorbance (455 uM) of the supernatant
was measured. Units of hemolytic activity were calculated

using the formula:

Hemolytic units = Sample 0.D. - Neg. Control O.D. x 100%
100% Lysis 0.D. - Neg. .D.

Percent hemolysis was calculated from hemolytic units of

100% lysis controls, and the specimen.
EXAMPLE 9
Immunoassav

This example describes conditions used for immunoassay.

The 96-well polystyrene plates (Nunc  Maxiscrg,
Naperville, Ill.) were sensitized with 100 ul of soluzicn
containing 2 pg/ml diafiltered cytotoxin, refrigerated Z:5:o 24
hour, and then washed with TBS CaCl, containing 0.05% Tw=22n 29
(TBST) . After washing, two-fold doubling dilutions of s2:un
were added to the wells. The plate was then agitated g=nzly
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for 60 minutes at 37°C, and washed three times with TRBST.
After the final wash, either goat anti rabbit or rabbit anti
bovine IgG labeled with 100 ul of alkaline phosphatase
(Jackson Immunobiological, West Grove, Pa), diluted 1:25,000
in TBS CaCl,, was added. Plates containing secondary
antibodies were shaken continuously for 60 minutes (37°C), and
then washed one more time with TBST. The color reaction was
developed by the addition of 100 ul of 3.8 mM p-nitro phenyl
phosphate (disodium salt) dissolved in a buffer consisting of
0.5 mM MgCl, and 50 mM Na,CO; (pH 9.5). The plate was agitated
gently for 60 minutes at 37°C and then absorbance (400 um) was
measured using an automated plate reader (Dynatech MR700,
Chantilly, Va).
EXAMPLE 10

Chromatoagraphy of Diafiltered Retentates

This example describes conditions used for chromatography
diafiltered retentates.

Diafiltered retentates of T+ and T- were chromatographed
through a 10 x 300 mm Superose 6HR gel filtration column
(FPLC, Pharmacia Biotech, Uppsalap> Sweden) that was
equilibrated with 50 mM Tris, 0.5 M sodium acetate, 1.5 mM
CaCl; pH 8.0. The column was loaded with 200 ul of diafiltered
retentate and was eluted with buffer at a maximum flow rate of
0.5 ml/min"t. Absorbance (280 nm) of column effluent was
measured. Fractions (3.5 ml) were collected, and examined for
cytotoxic and hemolytic activity, and for endotoxin content.

EXAMPLE 11
Production of Antibodies

This example describes procedure used for the production

of antibodies against M. bovis cytotoxin.



10

15

20

25

30

WO 02/102408 PCT/US02/18263

44

New Zealand Whife rabbits were given 0.5 ml of either
diafiltered retentate (50 nug protein), gel filtration purified
cytotoxin (10 ug protein) or permeates from the 0.22 uM
filtration of T+ or T- broth cultures.

Immunizing preparations were mixed 1:1 (v/v) in Freunds
complete adjuvant for the primary injection and with
incomplete Freunds adjuvant for the booster, 21 days later.
The rabbits were exsanguinated thfee weeks after the booster
was given. Convalescent serum from a Holstein calf with
clinically apparent infectious bovine keratoconjunctivitis and
fetal bovine serum (Hyclone Laboratories, Logan, Utah) were
used as respective positive and negative controls.

EXAMPLE 12
General Methods

This example describes or gives reference to general

methods used in these studies.

Measurement of 2-Keto-3-Deoxvoctonate (KDO)

The concentration of KDO was measured in diafiltrates,
and cytolytic Superose 6HR column fractions using a

hydroperiodate oxidation assay as described in Handbook of

Micromethods for the Biological Sciences, Van Nostrand

Reinhold, New York (1976).

Measurement of Endotoxin

The concentration of endotoxin in cytolytic Superose 6HR
column fractions was measured semiquantitatively using a
commercially available timed gel formation Ilimulin assay
(Sigma, St. Louis, Mo.).

Electrophoresis

Proteins were examined using the discontinuous
polyacrylamide gel electrophoresis method described in Nature,

227:680-685 (1970).
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To reduce non-specific binding, blots were blocked in a
buffer containing 0.1% SDS, 50 mM Tris and 150 mM NaCl, PH
7.5, containing either 1.5% goat serum, or 0.5% teleost
gelatin (Sigma Inc., St. Louis, Mo). The blocked, washed
membranes were incubated with antiserum for 12 hours, and then
were washed four times in TBS. After the final wash, blots
were incubated with either 1:2500 dilution of goat anti-rabbit
immunoglobulin conjugated with alkaline phosphatase, or with
0.5 uCi of 1I'™ labeled protein A in TBS. The alkaline
phosphatase labeled blots were incubated for 12 hours, after
which they were washed four times (10 minutes per wash) with
a buffer containing 100 mM Tris, 5 mM Tris, 5 mM MgCl; and 100
mM NaCl (pH 9.5). After the final wash, the blots were
developed using nitro blue tetrazolium and bromo-chloro-
indonyl-phosphate as described in Antibodies: A Laboratory
Manual, 1°° Ed., Cold Spring Harbor, Cold Spring Harbor
Laboratories, New York (1988). The A-I'? protein A-I?® labeled
blots were incubated for 2 hours, and then washed 3 times, 4
hours per wash, in TBS containing either 1.5% goat serum or
0.5% teleost gelatin. After washing, the blots were air dried
and autoradiographed.

Protein Quantitation

Protein concentrations were measured using the Lowry
protein precipitation method (Pfotein Assay Kit, Sigma Inc.,
St. Louis, Mo.).

EXAMPLE 13
Corneal Fpithelial Cell Cultures

This example describes procedures used for culturing
corneal epithelial cells.
Bovine eyes were collected at slaughter, and the corneal

epithelium was harvested by keratectomy. An ophthalmic
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solution containing neomycin, polymyxin B and gramicidin
(Schein Pharmaceuticals, Port Washing, NY) was applied to the
corneas prior to keratectomy in order to reduce the bacterial
contamination.

The corneal epithelium was dissected from the stroma, and
immersed in 50 ml of Minimal Essential Medium (MEM) containing
D-valine, penicillin G (100 IV/ml), streptomycin (100 wg/ml),
gentamicin sulfate (100 ug/ml), and amphotericin B, (250
ug/ml) . Neutral protease, (Dispase II, Boehringer Mannheim,
Indianapolis, Inc.) was added in order to initiate separation
of the epithelial cells from the remaining stroma.

After 2 hours of incubation, the epithelial sheets were
washed three times in fresh media, and were placed epithelial
side down, in wells of sterile polystyrene plate.. The
cultures were then immersed in 2 ml of media containing MEM-D-
valine and 10% fetal bovine serum, and incubated in an
atmosphere of 5% CO, (37°C) until plaques of adherent corneal
cells were observed on the bottom of the plate. The
epithelial sheets were removed from the plates at that time.
These cell cultures were incubated for “at least 48 additional
hours until they formed an adherent monolayer.

In order to verify the epithelial origin of the adherent
cells, sample moﬁolayers were stained with an anti-keratin,
epithelium specific monoclonal aﬁtibody furnished by Dr. Rheen
Wu, University of California, Davis. After 1 hour, the
cultures were washed with PBS containing 0.05% Tween 20, and
a fluorescein isothiocyanate labeled goat anti-mouse antibody
(Organon Teknika, Dﬁrham, NC) was applied for 1 hour. The
unbound secondary antibody was then washed from the cells
using PBS with 0.05% Tween and the monolayer was examined

using a fluorescence microscope.
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Diafiltered retentate was buffer exchanged into FPLC
buffer (50 mM Tris; 1.5 mM CaCl,; 0.9% NaCl; 5% glycerol; pH
8.0) using PD-10 columns (Amersham Pharmacia Biotech, Inc.,
Piscataway, NJ), concentrated 10-15 fold (Centriprep-10;
Millipore, Beverly, MA), filtered through a 0.2 um £filter
(Sterile Acrodisc 13; Gelman Sciences), and chromatographed on
a Superose 6 gel filtration column (Amersham Pharmacia) in
FPLC buffer at room temperature. Column void volume fractions
from multiple chromatography runs were pooled and concentrated
5-10 fold (Centriprep 10; Millipore).

For analysis, samples were mixed with an equal volume of
2X loading buffer containing 62.5 mM Tris, pH 6.8, 0.7 M B-
mercaptoethanol (Bio-Rad Laboratories, Hercules, CA), 20%
glycerol, 4.1% sodium dodecyl sulfate (SDS), and 0.2 mg/ml
bromophenol Dblue, heated to 95°-100°C for 5 minutes,
electrophoresed using SDS-PAGE (3.9% stacking/7.5% running),
transferred to Immobilon-P (0.45 uM pore size; Millipore), and
incubated overnight at room temperature on a rotating shaker
in blocking buffer (TSN buffer; 20 mM Tris, 0.9% NacCl, 0.1%
Tween 20 (pH 7.4) with 5.5% teleostean gelatin (Sigma, Sct.
Louis, MQ)). Following incubation, fresh blocking buifasr
containing rabbit anti-column fraction serum (1:400 diluticn)
was added and blots were incubated overnight at =room
temperature on a rotating shaker. The blots were washed 3
times in TSN buffer, then immersed in a solution containin
0.5 uCi of '*I-labeled Protein A (NEN Life Science Produc:ts,
Inc., Boston, MA) per 20 ml TSN buffer, incubated overnighz iz
room temperature on a rotating shaker, washed and

autoradiographed (Hyperfilm MP; Amersham).
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EXAMPLE 16

Amino Acid Sequencing

This example describes conditions used for amino acid

sequencing.

The concentrated void volume fractions from 'gel

- filtration chromatographed diafiltered retentates from T+ were

electrophoresed on a SDS-PAGE gel and stained with Coomassie
blue. A 70 kDa band that had previously been identified on
Western blots as being unique to T+ was excised, digested with
trypsin, and tryptic peptides were fractionated by HPLC. Two
peptides designated #23 ﬁnd #26 were selected for N-terminal
amino acid sequencing using Edman degradation chemistry.
Amino acid sequencing was performed at the Protein Chemistry
Laboratory, University of California, Davis (ABI 470A amino
acid sequencer; PE Biolsystems, Foster City, CA).
EXAMPLE 17

Determination of DNA Sequence of Cvtotoxin Gene

This example describes conditions used for determination
of DNA sequences of mbxA gene.

All DNA manipulations were performed as recommended by
the manufacturers of the enzymes or by using standard
published methods. Genomic DNA from M. bovis Tifton 1 was
isolated as described in Molecular Cloning: A Laboratory
Manual, 2™ Ed., Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y. (1989).

Plasmid DNA was isolated with Qiagen plasmid minipreps
(Qiagen, Valencia, CA). The DNA sequence of the complete
cytotoxin gene was obtained by sequencing PCR products
directly or PCR products cloned into pCR2.1-TOPO (Invitrogen)

with a TOPO TA cloning kit (Invitrogen). Degenerate PCR

- primers designated primer 23A, depicted by a sequence 5'-RAY



10

15

20

25

30

WO 02/102408 PCT/US02/18263

50

AAA GAR TTR GAR GCN GAR-3' (SEQ ID NO: 23) and 26A, depicted
by a sequence 5'CCY TCN CCR CTR TGR AAD ATR TCR TTR AAT TT-3'
(SEQ ID NO: 24) were designed by reverse translating the amino
acild sequences of peptides #23 and #26,'respectively, primers
C-down, 5'ATH GAY TGG ATH GCN CCN TTY GGN GAY-3' (SEQ ID NO:
25) and B-up, 5'-ACT TTA TCC ATC ACR ACT TGR AAR AA-3' (SEQ ID
NO: 26) were designed by reverse translating conserved regions
of RTXC and B genes of other bacteria.

PCR amplifications were performed with Taqg polymerase
(Life Technologies) using 30 cycles of 30 seconds each at
95°C, 1 minute at 55°C, and 45 seconds (primers 23A/26A) or 2
minutes (primers C-down/B-up) at 72°C. PCR products were
analyzed by agarose gel  electrophoresis. Automated DNA
sequencing was performed by the DNA sequencing facility,
University of California, Davis. Additional primers were
designed as needed for sequencing of overlapping fragments on
both strands; the DNA sequences of overlapping fragments were
assembled with MacDNASIS (Hitachi Software Engineering Co.,
Ltd., Yokohama, Japan) to yield the final complete sequence.

EXAMPLE 18 -

Expression of Recombinant Peptides

This example describes expression of recombinant
peptides.

Internal peptide ) v

The PCR product amplified by primers 23A/26A was cloned
into pCR2.1-TOPO (Invitrogen) and the resulting recombinant
plasmid was digested with EcoRI. The appropriate fragment was
gel purified (QIAquick gel extraction kit, Qiagen) and ligated
into pProEXHTa (Life Technologies) digested with EcoRI to
vield an expression construct that would direct synthesis of

the cytotoxin gene from amino acids 438 through 713. This
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expression plasmid was introduced into E. coli DHSx, cells
were grown to an ODgo o0f 0.6, and expression was induced by
adding isopropylthio-B-galactoside (IPTG; Life Technologies)
to 1 mM. Induction was continued for 4-6 hours and cells were
harvested by centrifugation.

The expressed proteins formed inclgsion bodies that were

purified as described in Methods Enzvmol., 153:461 (1987).

Purified inclusion bodies were then solubilized in buffer
containing 20 mM Tris (pH 8.0), 1 mM EDTA, and 6 M urea and
chromatographed on a SuperDex 200 gel filtration column
(Amersham Pharmacia). Peak fractions were pooled, dialyzed
against phosphate buffered saline (PBS) and stored at -20°C.
Following removal of urea, the purified protein formed a
precipitate. This protein was designated internal peptide.

Carboxv peptide

The complete cytotoxin gene was amplified from genomic
DNA of M. bovis Tifton I with primers designated NdeI-start
(5'-GAT CAT ATG TCC AAT ATA AAT GTA ATT AAA TCT AA-3') SEQ ID
NO: 27 and B-up #2 (S5'ATC ACT AGT TCC ATA ATC TAT AAC CAA TGA-
3') SEQ ID NO: 28. This primer pair “amplified MbxA from 6
bases before the ATG start codon to 64 bases past the
termination codon and introduced an NdeI restriction site
overlapping the ATG start codon. The PCR conditions were as
described above except that thé eldngation step was for 1
minute at 72°C.

The PCR product was cloned into pCR2.1-TOPQ (Invitrogen).
The resulting recombinant plasmid was digested with Xhol-EcoRI
and blunt ended with Klenow polymerase (Life Technologies).
The appropriate fragment was gel purified, then cloned into

blunted ended, BamHI digested and Klenow blunt ended pT7-7 to
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vield an expression cbnstruct that would direct synthesis of
the cytotoxin gene from amino acids 643 through 927.

Recombinant plasmids were transformed into E. coli DHSq,
and subsequently purified (Qiagen miniprep kit; Qiagen) prior
to transformation into E. coli strain BL21 (DE3) (Novagen,
Madison, WI) for expression. The cells were grown and induced
as described above to produce the recombinant protein, except
that for protein purification, inclusion bodies were
solubilized in buffer containing 10 mM Tris (pH 8.0), 1 mM
EDTA, and 8 M urea, and chromatographed on a Mono Q column
(Amersham Pharmacia). Peak fractions were identified by SDS-
PAGE, pooled and then chromatographed on a SuperDex 200 gel
filtration column. Peak fractions from the SuperDex 200
column were pooled, dialyzed against PRS, and stored at -20°C.
This protein, which remained soluble following dialysis, was
designated carboxy peptide.

EXAMPLE 19

Preparation of Rabbit Antisera

This example describes preparation of rabbit antisera for
recombinant cytotoxin identification and confirmation.

Antisera was prepared by immunizing New Zealand White
rabbits with either the pooled void volume fractions or
Superose 6 gel~filtration chromatographed diafiltered
retentates of M. bovis T+ mixed 1:1 (v/v) with Freund’s
complete adjuvant. Booster vaccinations were performed 21
days later with either the pooled column fractions or culture
filtrates mixed 1:1 with Fr=und’s incomplete adjuvant, and
serum was harvested 21 days post booster. Sera against the
pooled column fractions was designated rabbit anti-column
fraction. The sera against the culture filtrates was

designated rabbit anti T+. This antisera neutralized
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hemolytic and cytolytic activity of partially purified M.
bovis cytotoxin.

Polyclonal rabbit antisera to the internal (amino acids
438 through 713) and carboxy (amino acids 643 through 927)
peptides expressed from MbxA were prepared commercially
(Antibodies Incorporated, Davis, CA). Before use 1in
immunoblots, this antisera was preabsorbed with an E. coli
DH5x lysate. Sera were heat inactivated at 56°C for 1 hour
prior to lysis neutralization assays.

EXAMPLE 20

Demonstration of Cytotoxin in Culture Supernatants

This example describes conditions used for demonstration
of the presence of cytotoxin in culture supernatant.

Moraxella bovis T+, T-, or Tifton I was inoculated into
LB broth containing 1.5 mM CaCl, and incubated for 3-6 hours
with shaking at 250 rpm at 35°C. Following incubaticn,
cultures were centrifuged and the supernatants were harvested
and analyzed by SDS-PAGE/transblotting, using rabbit antiserum

against the internal or carboxy peptide as the primary

.

antibody.
EXAMPLE 21
Lvsis Neutralization Assays
This example describes assays performed to study
cytolysis neutralization and hemolysis neutralization.
Serum test samples were diluted 1:64 in TBS CaCl, buiisr

(50 mM Tris, 150 mM NaCl, 1.5 mM CaCl,, pH 7.4) and an =g2al

in TBS CaCl, buffer (0.1 mg/ml) was added. The samples w2r2
incubated at room temperature for 30 minutes, then at 37°C I::
30 minutes, and then centrifuged at maximum speed o 2

microcentrifuge for 10 minutes. The supernatants wers znan
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harvested and mixed. with an equal volume of ’Tifton I
diafiltered retentate diluted 1:32 in TBS CaCl, buffer. The
test samples were incubated for 1 hour at 4°C after which
hemolysis or cytolysis neutralization assays were performed as
described below.

For hemolysis neutralization assays, 500 ul of 1% (v/v)
suspension of washed and pelleted bovine erythrocytes in TRS
CaCl, buffer was added to 500 ul of each test sample, incubated
for 6 hours at 37°C, the samples were inverted once,
centrifuged for 1 minute at maximum speed in a
microcentrifuge, and 350'ul of supernatant was transferred to
a 96 well microtiter plate for determination of the OD,s
(Spectra Max 250, Molecular Devices Corporation, Sunnyvale,
CA) . Respective negative and positive controls were TBS CaCl,
buffer or Tifton I diafiltered retentate diluted 1:32 in TBS
CaCl, buffer. A control for the carboxy peptide in TBS CaCl,

buffer was also included. The percent hemolysis was
determined using the formula:

% hemolysis = L sample OD-lvsis negative control OD 1x 100
(positive control OD-Iysis negative control OD

-

The percent neutralization was calculated by subtracting
the percent hemolysis from 100. The results reflect the means

from three experiments.

The target cells for cytolysis neutralization assays were
labeled bovine lymphocytes (BL-3 cells); supplied by Dr.
Gordon Thielen, University of California, Davis. These were
prepared by growing cells from frozen stock cultures at 37°C
in 6% CO, in Liebovitz L-15 medium (Life Technologies) and
Minimal Essential Media (Life Technologies) (1:1 v/v)
supplemented with penicillin (50 U/ml), streptomycin (50
ug/ml) (Life Technologies), and 15% heat inactivated fetal

bovine serum (Hyclone, Logan UT). Cells were harvested by
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centrifugation, washea 3 times in PBS, resuspended in McCoys
SA media (Life Technologies) to a final concentration of 2 X
10'/ml, labeled for 1 hour at 37°C with 200 uCi of 5!Cr (NEN
Life Science Products) while rotating at 20 revolutions per
minute, and then washed 3 times in McCoys 5A media. Following
the final wash, cells were diluted in McCoys 5A media to a
final concentration of 4 x 105/ml.

For cytolysis neutralization assays, 500 ul of labeled BL-3
cells were added to 500 ul of each test sample, incubated for
1 hour at 37°C while rotating at 20 revolutions per minute,
pelleted in a microcentrifuge, and the radiocactivity in 500 ul
of supernatant was determined. Negative and positive controls
were as described above for hemolysis neutralization assays.

The percent cytolysis was determined using the formula:

% cytolysis = {snecimen counts per minute (cpm) - negative control cmmJ x 100

positive control cpm - negative control cpm

The percent neutralization was calculated by subtracting

the percent cytolysis from 100. The results reflect means
obtained from three experiments.

EXAMPLE 22
Amino Acid Seguence Analvsis

This example describes methods used in amino acid sequence
analysis.

The relationships between the deduced amino acid sequences
and published protein sequences were determined with BLAST
database searches. Multiple éequence analyses, alignments, and
homology calculations were obtained using the blosum 62 amino
acid substitution matrix (SEQWEB software (version 1.1);
Genetics Computer Group, Madison, WI). The nucleotide sequence
for the M. bovis cytotoxin gene has been submitted to the
GENBANK database under accession number AF205359.
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EXAMPLE 23

Field Trials With Native Cvtotoxin Vaccine

This example describes conditions used in field trials with

native cytotoxin based vaccine.

Experimental Subjects

Cattle for the study were part of the herd at the
University’s Sierra Foothills Field station. The ranch was
located in the foothills of the northern Sierra Nevadas at an
altitude ranging between 800 and 2400 feet. The subjects
included 104 Hereford Angus crossbred vearling calves. The

calves, which were born during November and December of the
previous year, weighed between 90 and 300 ké, and were composed
of equal numbers of females and castrated males. Calves were
commingled into a single group and were pastured on either of
2 irrigated fields. Other than the pasture forage and trace
mineralized salt licks, cattle were not supplemented during the
summer. The calves were housed out of doors on irrigated
pastures on approximately 100 acres. Pasture forages were
composed of Bermuda, fescue, oats, and rye grasses, and smaller
amounts of trefoil and clovers, and other plants that were
indigenous to the area. For the preyious decade, yearling
calves at the ranch had an annual prevalence of IBK that
exceeded 50%.

Study Desian

The study was conducted between the dates of May and
September. In the May examination, calves were prospectively
and randomly allocated to one of 3 groups designated A, B or C.
For examination, the calves were restrained in a squeeze chute,
and fluorescein dye was instilled into each eye prior to
illumination with a light source. Eyes were assigned a clinical
score ranging between 0 and 3 with 3 representing an eye that
had ruptured, and had expelled the contents. Criteria for lower

clinical ocular scores included: 0 = no conjunctivitis or
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corneal ulcer; 1 = conjunctivitis with a corneal ulcer having
a maximum diameter that was < 0.5 cm, and 2 = a corneal ulcer

having a maximum diameter that was > 0.5 cm. Eyes with corneal
ulcers were photographed during each examination. Each
photegraphic image included a ruler held on the lower eyelid.
After application of the fluorescein dye, eyes with corneal
ulcer scores 2 1 were photographed at a constant magnification,
and the image was projected onto paper and traced. The surface

area of each traced image was measured planimetrically as

described. During the first examination in April (Day 1),
calves with normal eyes were randomly assigned to one of 3
groups. Calves of the first group (n=34) were given 2 ml of

sterile saline solution. Calves of the second group (n=35) were
given 2 ml of a cytotoxin enriched, sterile Quil A adjuvanted
vaccine. Calves of the third group (n=35) were given 2 ml of
a mixture of sterile adjuvant and saline (1:1, v/v). ALl
injections were made subcutaneously in the neck. Calves were
boostered with the corresponding product in June. Thereafter,
clinical examinations were performed weekly for 15 weeks.

Personnel responsible for administering the vaccine,
evaluating the clinical scores and for measuring the corneal
ulcer diameters had no knowledge of the group assignment of the
calves. Each week, calves with corneal ulcer scores ranging
between 0 and 1 in either eye were returned to the common
pasture. Calves with ulcer scores of 2 or 3 were treated with
florfenicol (Nuflor®, 20 mg/kg of body weight intramuscularly)
and were housed in a corral until they were retreated 48 hours
later. After the second florfenicol treatment, the calves were
moved back to their original pasture and were observed weekly
for the remainder of the study.

Vaccines

Calves of group A were given 2.0 ml of a vaccine composed

of Quil A adjuvanted, diafiltered concentrated cell frese
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cytotoxin from a toxigenic, hemolytic, non piliated strain of
Moraxella bovis. Calves of the second group were sham vaccinated
with Quil A adjuvant in phosphate buffered saline solution. The
third group of calves received 2.0 ml of sterile saline
solution. The original piliated strain of M. bovis was derived
from the eye of an infected cow located in northern California
and was identified using biochemical tests described previously.
Non piliated 1isolates were identified during repeated
subcultures on blood agar plates. These isolates, devoid of
pili, were smooth, did not pit the surface of the agar, and
remained homogeneously suspended in broth cultures. Lack of
piliation was confirmed using electron microscopy.

Stocks of the pilin negative isolate were stored frozen (-
80°C) . For vaccine production, stocks were thawed at room
temperature and inoculated onto a bovine blood agar plate lawns.
After 18 hours of incubation (37°C), the lawns were harvested
and were suspended in flasks containing brain heart broth (1
lawn per 500 ml) supplemented 1.5 mM of CaCl,. The flasks were
shaken (200 rpm) for 5 hours.(37°C). After incubation, the broth
cultures were centrifuged for one hour at 13,000 x g (4°C) and
supernatants were harvested and were filter sterilized (0.2 uM
average pore diameter; Gelman Sciences, Ann Arbor, Mi). The
stérile supernatant was concentrated approximately 40-fold %o
a final volume of 200 ml by ultrafiltration over a spiral
wrapped membrane (molecular weight cut off of 100,000 daltons)
of regenerated cellulose (S1Y100 CH2PRS membrane, Amixon Tacz,
Beverly, MA). The concentrated retentate was then diafilzarad

using 50 volumes 50 mM Tris, pH 8.2, 50 mM sodium acetats, ..5
mM CaCl,, and 20% glycerol (v/v).
Diafiltration was discontinued when the optical dens:izy =2

the permeate was < 0.01 optical density units. Approximately 122
ml of diafiltered retentate was collected, and the gr:zz2:n

content was measured using the Lowry method. The sg=2ziiic
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cytotoxic and hemolytic.activities of the diafiltered retentates
were dJreater than those of the concentrated permeates.

The experimental vaccine preparation was made by diluting
the diafiltered retentate to achieve a final concentration of
0.8 mg/ml, and then adding 0.25% (w/v) MEGA-10 (Cal Biochem,. San
Diego, CA). For the adjuvant control vaccine, an equivalent
volume of Tris acetate calcium chloride, glycerol buffer was
used in place of the diafiltered retentate. To both solutions,
Quil A (Iscotec, Sweden) was added to a final concentration of
0.1 %. The mixtures were then placed in dialysis membranes with
2000 kDa molecular weight cut off, and were dialyzed against
repeated changes of sterile Dulbecco's phosphate buffered saline
solution (GIBCO BRL, Grand Island, New York) for 48 hours at
4oC. After 48 hours, the contents of the dialysis tubing were
filter sterilized, and kept refrigerated (4eC) until
administered to the subjects 48 hours later.

Statistical evaluation of data

Data including number of calves in each group that were
infected, on each date, cumulative numbers of affected calves,
and number of corneal ulcers in calves of each group during the
weekly evaluation, were compared using the Chi squared analysis.
In order to avoid statistical errors caused by repeated
measurements in eyes that had more chronic ulcers, data from
each week were evaluated independently. Corneal ulcer surface
measurements of the calves were campared among groups using the
analysis of variance test. Clinical score data were compared
across the 3 groups each week using the Kruskal-Wallis test,
with inter-group comparisons being made with the Mann-Whitney
rank sum test. The data were considered to be significantly
different when the p value was <0.05. Eyes with recurrences of
corneal ulcers were not included in the statistical analyses,
but the numbers of recurrences were noted and compared between

the 3 groups using the Chi squared analysis.
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EXAMPLE 24
Field Trials With Recombinant Vaccine
This example describes conditions used in field trials with

recombinant anti-M. bovis vaccine.

Experimental Subjects

The study population consisted of —calves at the
University’s Sierra Foothills Field Station (SFS), located in
Brown's Valley, CA. The terrain consisted of Sierra foothill
range pasture. The animals were predominantly Angus or Angus-
Hereford crossbred calves. Calves weighed between 98 and 292.7
kg. The study population consisted of 20 intact males, 71
steers, and 2 heifers.

Studv Design
Pre-enrollment Examination

Each calf was restrained in a head catch and both eyes were
examined for the presence of corneal opacities indicative of
prior ocular disease. Only calves with normal corneas were
selected for the study. On day 0, calves were administered a 2
ml subcutaneous injection of either saline (CTRL group), ISCOM
matrix adjuvant alone (ADJ group), or recombinant M. bovis
cytotoxin-ISCOM matrix adjuvant (VAC,_ group). Calves were
randomly assigned to one of the three groups by use of a blocked
randomization scheme. Individuals administering vaccine were
unaware of the vaccine <contents administered. Booster
vaccinations were repeated on day 21.

Post-enrollment Examination

Each calf was examined weekly for 20 weeks following the
primary vaccination. During these examinations, eyes were
examined for the presence of corneal opacities. All eyes with
corneal opacification were stained with fluorescein dye,
irrigated with sterile isotonic saline solution, and assigned
a corneal ulcer score (CUS) of 0, 1, 2, or 3 1 based on the

widest diameter of the ulcer as determined by holding a ruler
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next to the eye. The scoring criteria were: 0 = no ulcer; 1 =
a corneal ulcer with the widest diameter < 5 mm: 2 = a corneal
ulcer with the widest diameter > 5 mm: and 3 = a perforating
corneal ulcer. Ulcerated eyes were photographed with a ruler
held next to the eye for determination of the corneal ulcer
surface area measurement (SAM) as described below. Any calves
with a CUS of 2 or greater were administered florfenicol (40
ng/kg subcutaneously). To minimize iatrogenic infections,
garments including plastic aprons, obstetrical sleeves, and
rubber gloves were worn and were rinsed in 1% chlorhexidine
solﬁtion after each animal was examined.

i

Bacterial Strains and Culture Conditions

Cloning competent E. coli strains TOP10, DHS5«, and BL21
(DE3) were propagated in LB broth or on LB agar (1.5% agar).
Antibiotic selection of E. coli was made using ampicillin (100
ug/ml) .

Expression of recombinant M. bovis cvtotoxin

The carboxy terminus of the M. bovis cytotoxin gene was
amplified with primers SNP down (5'-AAT GAC GAT ATC TTT GTT GGT
CAA GGT AAA-3') and LNP2 (5'-TAG TAA ATT AAA TNA CTW AAC ACT-
3'). PCR amplifications were performed wikth Tag polymerase using
30 cycles of 30 seconds each at 95°C, 1 minute at 55°C, and 45
seconds at 72¢C, followed by a 10 mm incubation at 72¢C. The
PCR product was cloned into pCR2.1-TOPO with a TOPO TA cloning
kit and the resulting recombinant plasmid was digested with
EcoRI. The appropriate fragment was gel purified (QIAquick gel
extraction kit) and cloned into blunted ended, Smal digested
pT7-7 to yield an expression construct that would direct
synthesis of the cytotoxin gene from amino acids 590 through
927. Recombinant plasmids were transformed into E. coli DHb5w,
and subsequently purified prior to transformation into E. coli
strain BL21 (DE3) for expression. Cells were grown to an ODgg

of 0.8, and expression was induced by adding isopropylthio-f-
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galactoside to 1 mM. Iﬁduction was continued for approximately
9 hours and cells were harvested by centrifugation. The
expressed proteins formed inclusion bodies that were purified.
Purified inclusion bodies were then solubilized in a buffer
containing 4 M urea, 0.25% Triton ¥-100, 5 mM Tris-HCl (HCl pH
7.5) and 1 mM EDTA and chromatographed (Mono Q column; Amersham
Pharmacia). Peak fractions were identified by SDS-PAGE, pooled
and protein was quantitated with a BCA kit using a bovine serum
albumin standard. The protein solution was sterile filtered and
dialyzed against PBS to remove urea and stored at -20°0C.
Following dialysis the purified protein precipitated. PBS was

added to the dialysate to make the final protein concentration
0.5 mg/ml.

Vaccine Prevaration

ISCOM matrices were prepared as described in Current
Protocols in Immunology, Caligan, John E., Ed. New York, Greene
Publication Associates and Wiley-InterScience, except that no
protein was incorporated into the ISCOMs. Instead, the purified
recombinant protein was mixed separately with ISCOMs following
ISCOM matrix formation. A lipid mixture containing 50 mg/ml each
of phosphatidylcholine and cholesterol was made by dissolving
100 mg of each in 1 ml of chloroform and combining both
solutions. This lipid mixture was then added to a 20% solution
(w/v) of decanoyl-N-methylglucamide (Mega 10) made by dissolving
2 g Mega 10 in 10 ml distilled water. The resulting solution was
added to phosphate buffered saline (PBS:; pH 7.4) (0.1 cc lipid
mixture per 1 ml PBS) and the chloroform was removed by heating
the solution to 45¢C under vacuum until the solution cleared.
Quil A was then added to a final concentration of 1 mg/ml. The
solution was transferred to dialysis tubing (2000 MW cut-off)
and dialyzed extensively for 3 days in 50 mM Tris-HCI, 0.001%
thimerosal, pH 7.5 at room temperature. Thimerosal was removed

by dialysis against PBS (pH 7.4) for 24-36 hours at 4eC.
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Following dialysis the.solution was sterile filtered (0.45 or
0.2 uM pore size) and stored at -20°C until use. The success of
ISCOM matrix formation was confirmed by electron microscopy
performed at the Department of Medical Pathology, School of
Medicine, UC Davis.

For vaccine production, 145 ml of ISCOM dialysate was made
to 180 ml with PBS (pH 7.4). For the adjuvant control vaccine
(ADJ) , the ISCOM matrix preparation was mixed with PBS (pH 7.4)
1:1. For the recombinant protein vaccine (VAC), the ISCOM
matrix preparation was mixed 1:1 with the recombinant protein
solution. The doses were 2 ml of adjuvant (ADJ) and vaccine
(VAC) for both primary and booster vaccinations. The control
(CTRL) vaccine was a 2 ml dose of 0.9% saline.

SAM Determination

Color slides were projected onto é standardized ruler
template to equalize magnifications for subsequent tracing of
corneal ulcers. Three free-hand drawings of each ulcer were made
on paper. Tracing images were digitized and corneal ulcer
surface areas were determined with NIH-image (version 1.62). The
mean ulcer size was determined from the three tracings.'The
limit of detection was 0.008 cm?, the area that corresponded to
a 1 mm diameter circle. Surface areas less than this were
excluded from analysis. Corneal ulcers resulting from scratches
were excluded from the analysis. Ulcers resulting from foxtail
or suspect foxtails were not included in the analysis on the
first week the ulcer was first noted. If eyes remained ulcerated
on subsequent weeks, SAM were entered into the analysis.

Data Analysis

The cumulative number of calves with corneal ulcer 334 >

numbers of calves with corneal ulcers during each ~22%.
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Commercial software (Statview and SPSS were used for statistical

analyses). Differences were considered significant at P<0.05.
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WHAT IS CLAIMED

1. A purified or partially purified Moraxella bovis
cytotoxin, produced by a gene comprising a DNA sequence SEQ ID

NO: 1 deposited at GENBANK database under Accession number
AF205359.

2. The cytotoxin of claim 1 obtained from culturs

supernatants of an isolated cytolytic strain of Moraxella bovis.

3. The cytotoxin of claim 2 wherein said culture
supernatants were purified by centrifugation, filtration,

concentration and diafiltration.

4. The cytotoxin of claim 3 wherein said cytotoxin is
present in the diafiltered retentate.

5. The cytotoxin of claim 4 wherein said diafiltered

retentate comprises a cytotoxin-enriched fraction.

6. The cytotoxin of claim 5, biologically active as
hemolysin, leukotoxin or corneotoxin.

7. The cytotoxin of claim 6 of molecular weight of about
895 and 98 kDa. .

8. A DNA sequence depicted by SEQ ID NO: 1 or a fragment
thereof, encoding an amino acid sequence depicted by SEQ ID NO:
2 or a fragment thereof.

9. The DNA sequence of claim 8 wherein a fragment encodes
a protein depicted by SEQ ID NO: 6 or a protein depicted by SEQ
ID NO: 13. ‘



10

15

20

25

30

WO 02/102408 PCT/US02/18263
66

10. The DNA sequence of claim 9 encoding the protein
depicted by SEQ ID NO: 6.

11. The DNA sequence of claim 9 encoding the protein
depicted by SEQ ID NO: 13.

12. An amino acid sequence depicted by SEQ ID NO: 2 or a
fragment thereof.

13. The sequence of claim 12 wherein the fragment is
depicted by SEQ ID NO: 6.

14. The sequence of claim 12 wherein the fragment is
depicted by SEQ ID NO: 13.

15. A recombinant protein comprising an amino acid
sequence SEQ ID NO: 2 or a fragment therecof encoded by the DNA
sequence depicted by SEQ ID NO: 1, or a fragment thereof.

16. A method for prophylaxis of bovine

keratoconjunctivitis comprising a step of vaccinating cattle or

calves with a vaccine comprising M. bovis cytotoxin.

17. The method of claim 16 wherein the vaccine is based
on a native cytotoxin. .
18. The method of claim 16 wherein the vaccine is based

on a recombinantly derived cytotoxin.

19.

A method of diagnosing M. bovis in a carrier cattle

by reacting the cattle serum with antibodies raised against M.

bovis cytotoxin comprising an amino acid sequence depicted by
SEQ ID NO: 2.



10

15

20

25

30

WO 02/102408 PCT/US02/18263

67

20. The method of claim 19 wherein the M. bovis cytotoxin

is captured by antigen capture ELISA and identified by reaction
with antibodies.

21. The method of claim 20 wherein the antibodies are
monoclonal.

22. The method of claim 20 wherein the antibodies are
polyclonal.

23. A vaccine comprising a recombinant Moraxella bovis
cytotoxin comprising an amino acid sequence depicted by SEQ ID

NO: 2 or a fragment thereof.

24. The vaccine of claim 23 wherein the fragment is
depicted by SEQ ID NO: 6.

25, The vaccine of claim 23 wherein the fragment is
depicted by SEQ ID NO: 13.

26. A nucleotide sequence depicted by SEQ ID NO: 30, SEQ
ID NO: 31 or SEQ ID NO: 36, encoding an amino acid sequence
depicted by SEQ ID NO: 18, SEQ ID NO: 32 or SEQ ID NO: 37.

27. The sequence of claim 26 depicted by SEQ ID NO: 30.

28. The sequence of claim 26 depicted by SEQ ID NO: 31.

29. The sequence of claim 26 depicted by SEQ ID NO: 36.

30. A peptide comprising an amino acid sequence depicted
by SEQ ID NO: 18, SEQ ID NO: 32 and SEQ ID NO: 37.
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31. The peptide of claim 30 depicted by SEQ ID NO: 18.
32. The peptide of claim 30 depicted by SEQ ID NO: .32.

33. The peptide of claim 30 depicted by SEQ ID NO: 38.
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FIG. 3-1 "

1 ATGTCCAATATAAATGTAATTAAATCTAATATTCAAGCAGGCTTGAATTCAACAAAGTCT 60
1 M S NI NVIKSNIQAGLNSTKS 20

61 GGATTAAAAAATCTTTACTTGGCTATTCCCAAAGATTATGATCCGCAAAAAGGTGGGACT 120
20 6 LK NLYLATIPKDYUDPQK® GS®GT 40

121 TTAAATGATTTTATTAAAGCTGCTGATGAATTAGGTATTGCTCGTTTAGCAGAAGAGCCT 180
41 L N D F EKAADELSGTIARTLAETEF?P 60

181 AATCACACTGAAACAGCAAAAAAATCTGTTGACACAGTAAATCAGTTTCTCTCTCTCACA 240
61 N H T ETAKKSVDTVNQFLSLT 80

241 CAAACTGGTATTGCTATTTCTGCAACAAAATTAGAAAAGTTCTTACAAAAACATTCTACC 300
81 Qq T G I A I SATIKILEZKTFLZQKHS T 100

301 AATAAGTTAGCCAAAGGGTTAGACAGTGTAGAAAATATTGATCGTAAATTAGGTAAAGCA 360
100 N K L AKGLODSVENTIDRIKILGZKA 120

361 AGTAATGTATTATCAACATTAAGCTCTTTTTTGGGCACTGCATTAGCGGGTATAGAACTT 420
121 S NV L S TLSSFLGTALAGTTETL 140

421 GATTCTTTAATCAAAAAAGGTGATGCTGCACCTGATGCTTTGGCTAAAGCTAGTATTGAC 480
141 D S L I K K GDAAPDALAKASTTD 160

481 TTGATTAATGAGATAATTGGTAATCTATCTCAGAGTACTCAAACGATTGAAGCATTTTCT 540
161 L I N E I I G NLSQSTOQTTIEATFS 180

541 TCACAGTTAGCAAAGTTAGGTTCTACTATATCGCAGGCTAAAGGCTTCTCTAATATAGGA 600
188 S QL AKLGSTTISQAKS GTFSNTIG®G 200

601 AACAAGTTGCAAAACTTAAATTTTTCTAAAACAAATCTTGGTTTGGAAATAATTACTGGT 660
200 N K L Q NLNSSKTNLGLETITITAG 220

661 TTGCTATCAGGCATTTCTGCAGGCTTTGCTTTAGCGGATAAAAATGCATCGACTGGCAAA 720
221 L LS &G I SAGFALADI KNASTAGK 240

721 AAAGTTGCTGCAGGTTTTGAATTAAGCAATCAAGTTATTGGTAATGTAACAAAAGCAATT 780
241 K V A AGFELSNQVIGNVYVTKATI 260

781 TCTTCATATGTTTTAGCACAACGTGTTGCTGCTGGTCTATCAACTACTGGTGCTGTTGCT 840
261 S S Y VLAQRVAAGLSTT®GAVA 280

841 GCTTTAATTACTTCATCGATTATGTfGGCAATTAGTCCTTTGGCATTTATGAATGCAGCA 900
281 AL I TS SIMLAISPLAFMNAA 300

901 GATAAATTCAATCATGCTAATGCTCTTGATGAGTTTGCAAAACAATTCCGAAAATTTGGC 960
301l D KF NHANALTDETFAKQ QFRKTF G 32

SUBSTITUTE SHEET (RULE 26)
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FIG. 3-2 3/22

961 TATGATGGGGATCATTTATTGGCTGAATATCAGCGTGGTGTGGGTACTATTGAAGCTTCA 1020
321. Y D 6 D HLLAEYI QRGVY GGTTIEA AS 34

1021 TTAACTACAATTAGTACGGCATTAGGTGCAGTTTCTGCTGGTGTTTCCGCTGCTGCTGTA 1080
31 L T T I S TALGAVSAGVYVY SAAA AV 360

1081 GGATCTGCTGTTGGTGCACCGATTGCACTATTAGTTGCAGGTGTTACAGGATTGATCTCT 1140
31 G S AV GAPIALLVYAGVYVTGLTIS 38

1141 GGAATTTTAGAAGCGTCTAAACAGGCAATGTTTGAAAGTGTTGCTAACCGTTTACAAGGT 1200
381 6 T L EASKQAMFETSVANRTLDQG 400

1201 AAAATTTTAGAGTGGGAAAAGCAAAATGGCGGTCAGAACTATTTTGATAAAGGCTATGAT 1260
401 K T L EWEIKOQNGGQNYFDKGY D 420

1261 TCTCGTTATGCTGCTTATTTAGCTAATAACTTAAAATTTTTGTCTGAGCTAAATAAAGAG 1320
421 S R Y A AY L ANNTLIKTFLSELNKE 440

1321 TTGGAAGCTGAACGTGTTATTGCAATCACCCAACAACGTTGGGATAATAATATTGGTGAG 1380
441 L E A ERV I ATITTQQRWDNNTIGE 460

1381 TTAGCAGGTATTACCAAATTGGGTGAACGCATTAAGAGCGGAAAAGCTTATGCAGATGCT 1440
41 L A G I T K L GERTIIKSGIKAYADA 480

1441 TTTGAAGATGGCAAGAAAGTTGAAGCTGGTTCCAATATTACTTTGGATGCTAAAACTGGT 1500
481 F E D G K K VEAGSNTITTLDAZKTG 500

1501 ATCATAGACATTAGTAATTCAAATGGGAAAAAAACGCAAGCGTTGCATTTCACTTCGCCT 1560
501 I I DI S NS NGKIKTQALHFTS P 520

1561 TTGTTAACAGCAGGAACTGAATCACGTGAACGTTTAACTAATGGTAAATACTCTTATATT 1620
522 L L. T A G T E S RERLTNGIK Y S Y I 540

1621 AATAAGTTAAAATTCGGACGTGTAAAAAACTGGCAAGTTACAGATGGAGAGGCTAGTTCT 1680
541 N K L K F @RV KNWAOQVTDGEAS S 560

1681 AAATTAGATTTCTCTAAAGTTATTCAGCGTGTAGCCGAGACAGAAGGCACAGACGAGATT 1740
561 K L D F S KV IQRVYAETETGTTDET 580

1741 GGTCTAATAGTAAATGCAAAAGCTGGCAATGACGATATCTTTGTTGGTCAAGGTAAAATG 1800
581 ¢ L I v NAKAGNDDTITFV GQG KM 600

1801 AATATTGATGGTGGAGATGGACACGATCGTGTCTTCTATAGTAAAGACGGAGGATTTGGT 1860
601 N I D G & DG HDRVFYSKDG®G® GTF &G 620

1861 AATATTACTGTAGATGGTACGAGTGCAACAGAAGCAGGCAGTTATACAGTTAATCGTAAG 1920
621 N I T VD G T SATEAGSYTVNRK 640

SUBSTITUTE SHEET (RULE 26)
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FIG. 3-3 4/22

1921 GTTGCTCGAGGTGATATCTACCATGAAGTTGTGAAGCGTCAAGAAACCAAGGTGGGTAAA 1980
641 V AR G D I Y HE VV KRQETKV G K 660

1981 CGTACTGAAACTATCCAGTATCGTGATTATGAATTAAGAAAAGTTGGGTATGGTTATCAG 2040
661 R T E T I Q Y R D Y E L RKV G Y G Y Q 680

2041 TCTACCGATAATTTGAAATCAGTAGAAGAAGTAATTGGTTCTCAATTTAATGATGTATTC 2100
681 S T b N L K S VEEVYIGSQFNDVF 700

2101 AAAGGTTCTAAATTCAACGACATATTCCATAGTGGTGAAGGTGATGATTTACTCGATGGT 2160
700 K 6 S K FNDTIFHSGETSGDUDTLTLD®G 720

2161 GGTGCTGGTGACGACCGCTTGTTTGGTGGTAAAGGCAACGATCGACTTTCTGGAGATGAA 2220
721. G A G DDRLFGGKGNDRTLSGDE 740

2221 GGCGATGATTTACTCGATGGCGGTTCTGGTGATGATGTATTAAATGGTGGTGCTGGTAAT 2280
741. ¢ D D L L DGGSGDUDVLNSG GG GATGN 760

2281 GATGTCTATATCTTTCGGAAAGGTGATGGTAATGATACTTTGTACGATGGCACGGGCAAT 2340
761 b VY I FRKGDOGNTDTLYDGT®GN 780

2341 GATAAATTAGCATTTGCAGATGCAAATATATCTGATATTATGATTGAACGTACCAAAGAG 2400
788. D K L AFADANTISDTIMTIERTKE 800

2401 GGTATTATAGTTAAACGAAATGATCATTCAGGTAGTATTAACATACCAAGATGGTACATA 2460
801 ¢ I I VKRNDHSGSTINTIPRWYTI 820

2461 ACATCAAATTTACAAAATTATCAAAGTAATAAAACAGATCATAAAATTGAGCAACTAATT 2520
821 T S N L Q NY QS NKTDHIKTIET QLTI 840

2521 GGTAAAGATGGTAGTTATATCACTTCCGATCAAATTGATAAAATTTTGCAAGATAAGAAA 2580
841 G K D G S Y I TSDGQTIUDIKTILAQDK K 860

2581 GATGGTACAGTAATTACATCTCAAGAATTGAAAAAGCTTGCTGATGAGAATAAGAGCCAA 2640
81 D G T V I T S QE L K KLADENZKS Q 880

2641 AAATTATCTGCTTCGGACATTGCAAGTAGCTTAAATAAGCTAGTTGGGTCAATGGCACTA 2700
881 K L S ASDTIASSLNKTLVGSMATL 900

2701 TTTGGTACAGCAAATAGTGTGAGTTCTAACGCCTTACAGCCAATTACACAACCAACTCAA 2760
91 F 6 TANSVSSNALQPTITAQPTAQ 920

2761 GGAATTTTGGCTCCAAGTGTTTAG  SEQ ID NO. 1 2784
92 ¢ T L AP S V ¥ SEQ ID NO. 2 928
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FIG. 8-1 1022

1 ATGGGTGGTGATACTTCTTTAATTAGACTTAATTTACAAACCCTTAATAGTAATTTAGTT 60
1 M6 6 DTS LTIR N LQTLNSNTLYV 20

61 ATGATAGATTATGCTCAACAACCTGCTCTATCTGCTCTGGTTATCCTTGCCAAATACTAT 120
2 M T DYAQQPALSALVILAKTY./Y 40

121 GGTATTTCTGCAAGTCCAGCAGACATTATGCATCAGTTTTCTGATAATACAAAAGGAGAC 180
481 6 I S ASPADTIMHQFSDNTIKGHD 60

181 CTGAATGAAATTGAATGGATGTTGGCAGCAAAGAAATTAGAATTAAAGGTAAAGATTATA 240
61 L N E I EWMLAAKIKTLETLIKUVKTII 80

241 AAACAGCCTTTAACTCGATTGTCAATGATAACACTTCCTGCTTTGGTGTGGTGTGATAAT 300
8l K Q P LTRLSMTITLPALVWOCDN 100

301 AAGCCCGATTTAGATCAAAATTTAAACTCTCATTTTATACTAACTAAAATTGATGGGGTG 360
101 K P DLDQNLNSHFTILTIKTIDS®GYV 120

361 GGATCTGCTGCAAAATATCTCATCTACGATTTGATTGAGAATCGTCCCATAATATTAGAT 420
121 6 S AAK Y LI YDULTIENRPTITITLTD 140

421 GCAAGTGAGTTTTCTGAAAGATATTCTGGTAAGTTAATGCTAGTAACTTCCCGTGCGTCA 480
141 A S EF SERY SGKLMLYVYVTSRAS 160

481 ATATTGGGTTCATTGGCTAAATTTGATTTTACTTGGTTTATTCCTGCGGTAATCAAATAT 540
161 I L 6 S L AKFDFTWFTIPAVIKY 180

541 CGTTATATTTTTTTTGAAGTCATCGTTATTTCAGTGGTGCTACAGATTTTTGCTCTGATT 600
88 R Y I FFEVIVISVVLQTIFALTI 200

601 ACGCCATTGTTTTTTCAGGTTGTGATGGATAAGGTATTGGTGCATCGTGGTTTTTCTACT 660
200 TP LFFQVVMDEKVYLVYHRGFST 22

661 CTGGATGTGGTAGCGATTGCCTTGTTGGTAGTAAGTTTATTTGAAGTCATTTTAAGTGGT 720
220 L DV VAIALLVYSLFEVILS®G 240

721 CTACGCACTTATATTTTTGCTCATACAACCTCTCGAATTGATGTAGAGCTAGGAGCACGA 780
241 L R TY I FAHTTSRIDYELSGAR 260

781 TTATTTCGTCATCTATTAGCTCTACCGCTTGCTTATTTTGAGAGTAGAAGAGTAGGCGAT 840
261 L F R HLLALPLAYFESRRY®GD 280

841 ACAGTTGCACGTATACGTGAATTGGAACATATCCGCAATTTCTTAACTGGTCAAGCTCTC 900
281 T VA R I RETLEHTIRNFLT®GA® QAL 300

901 ACTTCAGTTTTAGATTTGGTGTTTTCTTTTATATTCTTGTTTGTAATGTGGTATTACAGC 960
301 TSV LDLVFSFTIFLFVMWYYS 32
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FIG. 8-2 11/22

961 CCTACTTTAACACTGGTAGTTTTGGCATCATTACCAATATATGCGTTTTGGTCTGCCTTT 1020
32 P T L TLVVLASLZPIVYATFWSATF 340

1021 ATTAGCCCAATTTTACGCACTCGACTAAATGATCAATTTGCACGCAATGCAGATAATCAA 1080
341 T S P I L R TRLNDAO QFARNATDNAGQ 360

1081 TCTTTTTTAGTGGAAAGTATTACTGCGGTTGGTACGGTAAAAGCAATGGCAGTTGAACCT 1140
31 S F L VESTITAVYGTV KAMAVEP 38

1141 CAAATGACCCGTCGCTGGGATAATCAATTAGCAGCTTATGTGGTTTCTAGTTTTCGGGTA 1200
381 ¢ M TRRWDNGQLAAY VYV S S F RV 400

1201 GCTAAGTTGGCAATGGTTGGGCAGCAAGGAGTACAACTCATTCAAAAGATGGTTATTGTG 1260
401 A K L AMV GQQGVQLTIOQZKMV IV 32

1261 GCAACTCTATGGATTGGTGCAAAATTGGTAATTGAAGGCAAGCTATCGGTAGGTCAATTA 1320
421 A T L W I GAKLVIESGKTLT SV GQL 440

1321 ATAGCATTTAATATGCTGGCAGGTCAGGTGGCCGCTCCTGTTATCCGCCTGGCACAGCTA 1380
441 T A F N ML A G Q AAPV IRLARQL 460

1381 TGGCAAGATTTTCAGCAAGTAGGTATTTCAGTGGCGAGATTGGGTGATATTTTAAATACT 1440
41 W Q D F Q Q VGISVARLSGDTITLNT 480

1441 CCAACTGAGCATTCTACATCTCGCTTAACTTTACCTGATATTAAGGGTGATATTACATTT 1500
481 P T EH S TS RLTULPDTIIKTGDTITF 500

1501 GAAAATGTTGATTTTCGCTACAAAATAGATGGGCATTTAATATTACAGAATTTAAATTTA 1560
501 ENVDFRYKTIDGHLTIILOQQNTLNTL 520

1561 CAGATTAACGCTGGAGAGATACTAGGTATCGTAGGACGCTCTGGTTCAGGTAAATCAACA 1620
517 ¢ I N AGE I LGTI VGRS GS G K S T 540

1621 TTGACAAAATTAGTACAGCGTTTATATGTACCAGAAAATGGGCGAATATTAGTTGATGGA 1680
51 L T K L VQRLYVPENGRTITLV DG 560

1681 AACGATTTGGCATTAGCTGATCCCGCTTGGCTGCGTCGCCAAGTGGGTGTTGTTTTGCAG 1740
561 N b L AL A°'DPAWILIRROQV GV V L Q 58

1741 GAAAATGTGTTACTCAATCGTAGTATTCGAGATAATATTGCCCTAACTGATACGGGCATG 1800
581 E N VL LNRSTIRDNTIALTDT® GM 600

1801 TCATTAGAGTTTATTATCCAGGCTGCCAAGATGTCTGGGGCACATGACTTTATTATGGAA 1860
601 S L E F I IQ A A K MS GAHDTFTIME 620

1861 TTGCCTGAGGGTTATGATACGATTGTTGGAGAGCAAGGTGCAGGCTTGTCAGGTGGACAA 1920
621 L P E G Y D T I V G E Q G A GL S G G Q 640
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FIG. 8-3 12/22

1921 CGCCAGCGTATCGCTATTGCGCGTGCTTTAATTACCAATCCGCGTATTTTGATTTTTGAT 1980
641 R Q R I A I AR AL I TNPRTIULTITFTD 660

1981 GAAGCTACTAGTGCATTAGACTATGAGTCGGAAAGGGCTATTATGCAAAATATGCAGGCA 2040
661 £ AT S AL DY ESERATIMOQNMG QA 680

2041 ATTTGCCAAGGTAGAACAGTGTTGATTATTGCACATCGCTTATCTACCGTAAAAATGGCA 2100
681 I C Q 6 R T VL I I AHRTLTSTUV KMA 700

2101 CATCGCATTATTGCAATGGACAAGGGGAAAATTGTAGAGCAAGGCACACATCAAGAATTG 2160
700LH R T I AMDIKTGIKTIUVEGQGTHUHAOQETL 72

2161 TTGCAAAAAGAAGATGGTTACTATCGTTATTTATATGATTTGCAGAATGGATAAA 2215
722 L. Q K ED G Y Y RY LYDLG QNG *
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FIG. 10 15/22

1 ATGACGAAAAAGTTTGCAGAGCTAGGTTTAATTGCATGGCTTTGGTCTAACTCTGATATG 60
1 M TKKFAELGLTIAWLWSNSDM 20

61 CATAAACATTGGACGTTGTCTTTGTTTGCGACCAATGTTATTCCGGCAATTGAGACAGGT 120
21l H K HWTLSLFATNVIPATIETS®G 40

121 CAATATGTTATATTGAAAAGAGAAGATATGCCTGTAGCATATTGTAGTTGGGCTAAACTT 180
41 Q Y VI L K REDMPVAY CSWAIKIL 60

181 AGTTTAGAAAACGAGGTTAAATATATTAACGATGTTACTTCTCTTAAGTTAGATGACTGG 240
61 S L ENE VK Y I NDVTSLIKTLTDTDW 80

241 CAGTCAGGTGACCGAAACTGGTTTATTGACTGGATTGCTCCATTTGGCGATAGTCTTACA 300
81 ¢ S GDRNWFTIDWTIAPTFGDSTLT 100

301 CTCACAAAACACATGAGAACGTTATTTTCAGATGAATTGTTTAGAGCGATTCGTGTAGAT 360
100 L TK HMRTLFSDETLTFRATIRYVD 120

361 GGAAATTCATCGCATGGTAAGATATCTGAATTTTATGGAAAGTCTGTTGATTCAAAATTA 420
121 G N S S HGKTISEFYGKS VDS KL 140

421 GCCTCAAGAATATTTGCACAATATCACGAAGATTTGACGAGCAAATTGTCAACTCAGAAT 480
141 A S R I FAQYWHETDLTSIKULSTAQN 160

481 AATTTTATTATATCTAAAGATAATTAA 507
161 N F I I S K D N * 169
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1
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541
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781
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ATGTTTATACAAGCACTTAAAGATTTTTTTATTCGCTATATAACCGTTTGGCGCAATACA
M F I QALJKTDTF I RY I T VWRNT

TGGGCAGTTCGAGACCAACTAACCCCTCCTAAGCGTACTAAAGAAGAACTCGCTTTTCTT
WAVRDQLTPPIKR RTIKTETETLATFL

CCTGCACATCTAGAACTCACTGACACACCTGTATCCAGATCTTCTAAGTGGACAGCTAGA
PAHLELTDTPVSRSSKWTAR

ATAATCATGATATTTGTCCTATTTGCTTTGCTATGGTCTTGGGTTGGACAGATTGACATT
I T MTFVLFALLWSWVYGQTIDI

GTTGCTACAGCTTCAGGTAAAATTTCTTCAGGTAGCCGTAGCAAGACTATTCAATCTTTG
VATASGKTISSGESRSKTTIZ QS S.L

GAAACAGCGATAGTTAAAGCAGTTTATGTACGTGATGGTCAAAATGTTCAACAAGGTGAA
ETATIVKAVYVRDGAQNVYVQAQSGE

ATATTAGTAGATTTAGTGGGAATCGGTTCAGATAGTGATGTTGCTCAGTCCGAGAAAGCC
rrvopLVvVGTIGSDSDVAQSETKA

CTTCGAGCAGCGCAATTATCTAAGCTACGCCTTGAAGCAATTTTATCAGCATTAAATCAC
L RAAQLSKLRLEATITLSATLNH

CGTATTAATCCTCAGATTGATGTAGCATATGCAAAGTCTTTAAATATTTCAGAATCGGAA
R I NPQIDVAYAKT STLNTISTESE

ATTAATGAAGCTCAAACTTTAGCCCAAAATCAATATCAAGCATGGTTAGCACAAGATGAA
I NEAQTLAQNQYQAWLAQDE

CAACTAAAATTAACCTTAAAAGGACATCAAGCAGAATTACAATCTGCTCGATCCCAAGAA
QLK LTLIKGHQAELZGQSARSN QE

CAAAAGTTGGTTTCAGTTGGTGCAATTGAACATCAAAAGACTGATGATTATCGGAGTCTC
Q KLV SVGATIEUHQKTUDDYRSHIL

AAAGCAGAAAATTTTATATCTGAGCATGCTTATCTAGAACAAGAAAGCAAATTACTTAGC
K AENFTISEHAYLEZG QESIKTLTLS

AATCAAAATGATTTACAAAGTACACGTAGTCAGATTCAAAAAATACAGGCTGCAATCATG
NQNDLQSTRSQIOQKTIAQAATILIM

CAAGCTGAACAGAACCGTATGTTATATACTCAAAATCTAAAACGTGATACATTAGAATCT
Q AEQNRMLYTAQNLZ K RDTTLE'S

TTACGCCAAACCAATGAACAGATTAATCAATATACTGGTCAAACTAATAAAGCTAAGCAG
LRQTNEQINIQYTSGQTNIKAZKNQ
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FIG. 12-2 18/22

961 CGACAGAAATTGCTGAGTATTAAATCACCTGTTAATGGTACTATACAAGAGCTAACAGCT 1020
32 R Q KL L STITKSPVNGTTIG QETLTA 340

1021 TATACTTTAGGTGGAGTTGTACAAGCAGCACAAAAAATTATGGTTGTGGCACCTAACGAT 1080
341 Y T L 6 GV VQAAQKTIMY YV APNTD 360

1081 AATCAAGTGGAAGTAGAGGTATTAGTGCTAAATAAAGATATCGGCTTTGTAAAAGCTGGG 1140
361 N Q V EV EV LV LNIKTDTIGTFV KA ATG 38

1141 CAGAATGTTATCATCAAAATCGAGAGTTTTCCTTATACACGTTATGGTTATTTAACAGGT 1200
381 ¢ NV I T KTIETSTFPYTRYGYLTG 400

1201 AAAATAAAAAGTATTAGTCATGATGCTATAGAACATCAACATTTAGGTCTAGTGTATACT 1260
401 K T K S I SHDATIEUHO QHTLGLV YT 42

1261 GCACTTGTTTCTCTTGATAAAAGCACATTAAATATAGATGGAGTAACAATCAACTTAACG 1320
42 ALV SLDKSTLNTIDGVYTTINLT 440

1321 CCAGGAATGAATGTTACTGCTGAAATTAAAACAGGTAAACGTCGTGTTTTGGATTATATA 1380
441 P G M NV T A E I T G KRRV L DY I 461

1381 TTAAGTCCATTGCAGACAAAAGTTGATGAAAGTTTTCGAGAACGCTAA 1428
461 L S P L Q T KV DESTFRERF* 476
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1
' SEQUENCE LISTING

<110> GEORGE, LISLE W
ANGELOS, JOHN A
HESS, JOHN F

<120> MORAXELLA BOVIS CYTOTOXIN, CYTOTOXIN GENE, ANTIBODIES
AND VACCINES FOR PREVENTION AND TREATMENT OF MORAXELLA
BOVIS INFECTIONS

<130> 481.06

<140> 09/884,696
<1l41> 2001-06-19

<160> 41
<170> PatentIn Ver. 2.1

<210> 1

<211l> 2784

<212> DNA

<213> Moraxella bovis

<220>
<221> CDS
<222> (1)..(2781)

<400> 1
atg tcc aat ata aat gta att aaa tct aat att caa gca ggc ttg aat 48
Met Ser Asn Ile Asn Val Ile Lys Ser Asn Ile Gln Ala Gly Leu Asn

1 5 10 15

tca aca aag tct gga tta aaa aat ctt tac ttg gct att ccc aaa gat 96
Ser Thr Lys Ser Gly Leu Lys Asn Leu Tyr Leu Ala Ile Pro Lys Asp
20 25 30

tat gat ccg caa aaa ggt ggg act tta aat gat ttt att aaa gct gct 144
Tyr Asp Pro Gln Lys Gly Gly Thr Leu Asn Asp Phe Ile Lys Ala Ala
35 40 45

gat gaa tta ggt att gct cgt tta gca gaa gag cct aat cac act gaa 192
Asp Glu Leu Gly Ile Ala Arg Leu Ala Glu Glu Pro Asn His Thr Glu
50 55 60

aca gca aaa aaa tct gtt gac aca gta aat cag ttt ctec tct ctc aca 240
Thr Ala Lys Lys Ser Val Asp Thr Val Asn Gln Phe Leu Ser Leu Thr
65 70 75 80

caa act ggt att gct att tct gca aca aaa tta gaa. aag ttc tta caa 288
Gln Thr Gly Ile Ala Ile Ser Ala Thr Lys Leu Glu Lys Phe Leu Gln
85 90 95

aaa cat tct acc aat aag tta gcc aaa ggg tta gac agt gta gaa aat 336
Lys His Ser Thr Asn Lys Leu Ala Lys Gly Leu Asp Ser Val Glu Asn
100 105 110
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att gat cgt aaa tta ggt aaa gca agt aat gta tta tca aca tta agcA 384
Ile Asp Arg Lys Leu Gly Lys Ala Ser Asn Val Leu Ser Thr Leu Ser
115 120 125

tct ttt ttg ggc act gca tta gcg ggt ata gaa ctt gat tct tta atc 432
Ser Phe Leu Gly Thr Ala Leu Ala Gly Ile Glu Leu Asp Ser Leu Ile
130 135 140

aaa aaa ggt gat gct gca cct gat gct ttg gct aaa get agt att gac 480
Lys Lys Gly Asp Ala Ala Pro Asp Ala Leu Ala Lys Ala Ser Ile Asp
145 150 155 160

ttg att aat gag ata att ggt aat cta tct cag agt act caa acg att 528
Leu Ile Asn Glu Ile Ile Gly Asn Leu Ser Gln Ser Thr Gln Thr Tle
165 170 175

gaa gca ttt tct tca cag tta gca aag tta ggt tct act ata tcg cag 576
Glu Ala Phe Ser Ser Gln Leu Ala Lys Leu Gly Ser Thr Ile Ser Gln
180 185 190

gct aaa ggc ttc tct aat ata gga aac aag ttg caa aac tta aat ttt 624
Ala Lys Gly Phe Ser Asn Ile Gly Asn Lys Leu Gln Asn Leu Asn Phe
195 200 205

tct aaa aca aat ctt ggt ttg gaa ata att act ggt ttg cta tca ggc 672
Ser Lys Thr Asn Leu Gly Leu Glu Ile Ile Thr Gly Leu Leu Ser Gly
210 215 220

att tct geca ggc ttt get tta geg gat aaa aat gca tcg act ggc aaa 720
Ile Ser Ala Gly Phe Ala Leu Ala Asp Lys Asn Ala Ser Thr Gly Lys
225 230 235 240

aaa gtt gct gca ggt ttt gaa tta agc aat caa gtt att ggt aat gta 768
Lys Val Ala Ala Gly Phe Glu Leu Ser Asn Gln Val Ile Gly Asn Val
245 250 255

aca aaa gca att tct tca tat gtt tta gca caa cgt gtt gct gct ggt 816
Thr Lys Ala Ile Ser Ser Tyr Val Leu Ala Gln Arg Val Ala Ala Gly
260 265 270

cta tca act act ggt gct gtt gct get tta att act tca tcg att atg 864
Leu Ser Thr Thr Gly Ala Val Ala Ala Leu Ile Thr Ser Ser Ile Met
275 280 285

ttg gca att agt cct ttg gca ttt atg aat gca gca gat aaa ttc aat 912
Leu Ala Ile Ser Pro Leu Ala Phe Met Asn Ala Ala Asp Lys Phe Asn
290 295 300

cat gct aat get ctt gat gag ttt gca aaa caa ttc cga aaa ttt ggc 960
His Ala Asn Ala Leu Asp Glu Phe Ala Lys Gln Phe Arg Lys Phe Gly
305 310 315 320

‘tat gat ggg gat cat tta ttg gct gaa tat cag cgt ggt gtg ggt act 1008
Tyr Asp Gly Asp His Leu Leu Ala Glu Tyr Gln Arg Gly Val Gly Thr
325 330 335
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att gaa gct tca tta act aca att agt acg gca tta ggt gca gtt tct‘ 1056
Ile Glu Ala Ser Leu Thr Thr Ile Ser Thr Ala Leu Gly Ala val Ser
340 345 350

gct ggt gtt tcc get get get gta gga tet got gtt ggt geca ccg att 1104
Ala Gly val Ser Ala Ala Ala Val Gly Ser Ala Val Gly Ala Pro Ile
3585 360 365

gca cta tta gtt gca ggt gtt aca gga ttg atc tct gga att tta gaa 1152
Ala Leu Leu Val Ala Gly Val Thr Gly Leu Ile Ser Gly Ile Leu Glu
370 375 380

gcg tct aaa cag gca atg ttt gaa agt gtt gct aac cgt tta caa ggt 1200
Ala Ser Lys Gln Ala Met Phe Glu Ser Val Ala Asn Arg Leu Gln Gly
385 390 395 400

aaa att tta gag tgg gaa aag caa aat ggc ggt cag aac tat ttt gat 1248
Lys Ile Leu Glu Trp Glu Lys Gln Asn Gly Gly Gln Asn Tyr Phe Asp
405 : 410 415

aaa ggc tat gat tct cgt tat gct gct tat tta gct aat aac tta aaa 1296
Lys Gly Tyr Asp Ser Arg Tyr Ala Ala Tyr Leu Ala Asn Asn Leu Lys
420 425 430

Lttt ttg tct gag cta aat aaa gag ttg gaa gct gaa cgt gtt att gca 1344
Phe Leu Ser Glu Leu Asn Lys Glu Leu Glu Ala Glu Arg Val Ile Ala
435 440 445

atc acc caa caa cgt tgg gat aat aat att ggt gag tta gca ggt att 1392
Ile Thr Gln Gln Arg Trp Asp Asn Asn Ile Gly Glu Leu Ala Gly Ile
450 455 460

acc aaa ttg ggt gaa cgc att aag agc gga aaa gct tat gca gat get 1440
Thr Lys Leu Gly Glu Arg Ile Lys Ser Gly Lys Ala Tyr Ala Asp Ala
465 470 475 480

Ltt gaa gat ggc aag aaa gtt gaa gct ggt tcc aat att act ttg gat 1488
Phe Glu Asp Gly Lys Lys Val Glu Ala Gly Ser Asn Ile Thr Leu Asp
485 490 495

gct aaa act ggt atc ata gac att agt aat tca aat ggg aaa aaa acg 1536
Ala Lys Thr Gly Ile Ile Asp Ile Ser Asn Ser Asn Gly Lys Lys Thr
500 505 510

caa gcg ttg cat ttc act tcg cct ttg tta aca gca gga act gaa tca 1584
Gln Ala Leu His Phe Thr Ser Pro Leu Leu Thr Ala Gly Thr Glu Ser
515 520 525

cgt gaa cgt tta act aat ggt aaa tac tct tat att aat aag tta aaa 1632
Arg Glu Arg Leu Thr Asn Gly Lys Tyr Ser Tyr Ile Asn Lys Leu Lys
530 535 540

Ltc gga cgt gta aaa aac tgg caa gtt aca gat gga gag gct agt tct 1680
Phe Gly Arg Val Lys Asn Trp Gln Val Thr Asp Gly Glu Ala Ser Ser
545 550 555 560
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aaa tta gat ttc tct aaa gtt att cag cgt gta gcc gag aca gaa ggc' 1728
Lys Leu Asp Phe Ser Lys Val Ile Gln Arg Val Ala Glu Thr Glu Gly
‘ 565 570 575

aca gac gag att ggt cta ata gta aat gca aaa gct ggc aat gac gat 1776
Thr Asp Glu Ile Gly Leu Ile Val Asn Ala Lys Ala Gly Asn Asp Asp
580 585 590

atc ttt gtt ggt caa ggt aaa atg aat att gat ggt gga gat gga cac 1824
Ile Phe Val Gly Gln Gly Lys Met Asn Ile Asp Gly Gly Asp Gly His
595 600 605

gat cgt gtc ttc tat agt aaa gac gga gga ttt ggt aat att act gta 1872
Asp Arg Val Phe Tyr Ser Lys Asp Gly Gly Phe Gly Asn Ile Thr Vval
610 615 620

gat ggt acg agt gca aca gaa gca ggc agt tat aca gtt aat cgt aag 1920
Asp Gly Thr Ser Ala Thr Glu Ala Gly Ser Tyr Thr Val Asn Arg Lys
625 630 635 640

gtt gct cga ggt gat atc tac cat gaa gtt gtg aag cgt caa gaa acc 1968
Val Ala Arg Gly Asp Ile Tyr His Glu Val Val Lys Arg Gln Glu Thr
645 650 655

aag gtg ggt aaa cgt act gaa act atc cag tat cgt gat tat gaa tta 2016
Lys Val Gly Lys Arg Thr Glu Thr Ile Gln Tyr Arg Asp Tyr Glu Leu ~
660 665 670

aga aaa gtt ggg tat ggt tat cag tct acc gat aat ttg aaa tca gta 2064
Arg Lys Val Gly Tyr Gly Tyr Gln Ser Thr Asp Asn Leu Lys Ser Val
675 680 685

gaa gaa gta att ggt tct caa ttt aat gat gta ttc aaa ggt tct aaa 2112
Glu Glu Val Ile Gly Ser Gln Phe Asn Asp Val Phe Lys Gly Ser Lys
690 695 700

ttc aac gac ata ttc cat agt ggt gaa ggt .gat gat tta ctc gat ggt 2160
Phe Asn Asp Ile Phe His Ser Gly Glu Gly Asp Asp Leu Leu Asp Gly
705 ' 710 715 720

ggt gct ggt gac gac cgc ttg ttt ggt ggt aaa ggc aac gat cga ctt 2208
Gly Ala Gly Asp Asp Arg Leu Phe Gly Gly Lys Gly Asn Asp Arg Leu
725 ‘ 730 735

tct gga gat gaa ggc gat gat tta ctc gat ggc ggt tct ggt gat gat 2256
Ser Gly Asp Glu Gly Asp Asp Leu Leu Asp Gly Gly Ser Gly Asp Asp
740 745 750

gta tta aat ggt ggt gct ggt aat gat gtc tat atc ttt cgg aaa ggt 2304
Val Leu Asn Gly Gly Ala Gly Asn Asp Val Tyr Ile Phe Arg Lys Gly
755 760 765

gat ggt aat gat act ttg tac gat ggc acg ggc aat gat aaa tta gca 2352
Asp Gly Asn Asp Thr Leu Tyr Asp Gly Thr Gly Asn Asp Lys Leu Ala
770 775 780
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LEt gca gat gca aat ata tct gat att atg att gaa cgt acc aaa gag' 2400
Phe Ala Asp Ala Asn Ile Ser Asp Ile Met Ile Glu Arg Thr Lys Glu
785 790 795 800

ggt att ata gtt aaa cga aat gat cat tca ggt agt att aac ata cca 2448
Gly Ile Ile Val Lys Arg Asn Asp His Ser Gly Ser Ile Asn Ile Pro
805 810 815

aga tgg tac ata aca tca aat tta caa aat tat caa agt aat aaa aca 2496
Arg Trp Tyr Ile Thr Ser Asn Leu Gln Asn Tyr Gln Ser Asn Lys Thr
820 825 830

gat cat aaa att gag caa cta att ggt aaa gat ggt agt tat atc act 2544
Asp His Lys Ile Glu Gln Leu Ile Gly Lys Asp Gly Ser Tyr Ile Thr
835 840 845

tcc gat caa att gat aaa att ttg caa gat aag aaa gat ggt aca gta 2592
Ser Asp Gln Ile Asp Lys Ile Leu Gln Asp Lys Lys Asp Gly Thr Val
850 855 860

att aca tct caa gaa ttg aaa aag ctt gct gat gag aat aag agc caa 2640
Ile Thr Ser Gln Glu Leu Lys Lys Leu Ala Asp Glu Asn Lys Ser Gln
865 870 875 880

aaa tta tct gct teg gac att geca agt age tta aat aag cta gtt ggg 2688
Lys Leu Ser Ala Ser Asp Ile Ala Ser Ser Leu Asn Lys Leu Val Gly
885 890 895

tca atg gca cta ttt ggt aca gca aat agt gtg agt tct aac gcc tta 2736
Ser Met Ala Leu Phe Gly Thr Ala Asn Ser Val Ser Ser Asn Ala Leu
900 905 910

cag cca att aca caa cca act caa gga att ttg gct cca agt gtt tag 2784
Gln Pro Ile Thr Gln Pro Thr Gln Gly Ile Leu Ala Pro Ser Val
915 920 925

<210> 2

<211> 927

<212> PRT

<213> Moraxella bovis

<400> 2
Met Ser Asn Ile Asn Val Ile Lys Ser Asn Ile Gln Ala Gly Leu Asn
1 5 10 15

Ser Thr Lys Ser Gly Leu Lys Asn Leu Tyr Leu Ala Ile Pro Lys Asp
20 25 30

Tyr Asp Pro Gln Lys Gly Gly Thr Leu Asn Asp Phe Ile Lys Ala Ala
35 40 45

Asp Glu Leu Gly Ile Ala Arg Leu Ala Glu Glu Pro Asn His Thr Glu
50 55 60

Thr Ala Lys Lys Ser Val Asp Thr Val Asn Gln Phe Leu Ser Leu Thr
65 70 75 80
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Gln

Lys

Ile

Ser

Lys

145

Leu

Glu

Ala

Ser

Ile

225

Lys

Thr

Leu

Leu

His

305

Tyr

Ile

Ala

Ala

Thr

His

Asp

Phe

130!

Lys

Ile

Ala

Lys

Lys

210

Ser

vVal

Lys

Ser

Ala

290

Ala

Asp

Glu

Gly

Leu
370

Gly Ile

Ser Thr
100
115

Leu Gly

Gly Asp

Asn Glu

Phe Ser

" 180

Gly Phe
195

Thr Asn

Ala Gly

Ala ala

Ala Ile
260

Thr Thr
275

Ile Ser

Asn Ala

Gly Asp

Ala Ser
340

val Ser
355

Leu val

Arg Lys

Ala

85

Asn

Leu

Thr

Ala

Ile

165

Ser

Ser

Leu

Phe

Gly

245

Ser

Gly

Pro

Leu

His

325

Leu

Ala

Ala

Ile

Lys

Gly

Ala

Ala

150

Ile

Gln

Asn

Gly

Ala

230

Phe

Ser

Ala

Leu

Asp

310

Leu

Thr

Ala

Gly

Ser

Leu

Lys

Leu

135

Pro

Gly

Leu

Ile

Leu

215

Leu

Glu

TyTr

Val

Ala

295

Glu

Leu

Thr

Ala

vVal
375

Ala

Ala

Ala

120

Ala

Asp

Asn

Ala

Gly

200

Glu

Ala

Leu

val

Ala

280

Phe

Phe

Ala

Ile

val

360

Thr

Thr

Lys

105

Sex

Gly

Ala

Leu

Lys

185

Asn

Ile

Asp

Ser

Leu

265

Ala

Met

Ala

Glu

Ser

345

Gly

Gly

Lys

Gly

Asn

Ile

Leu

Ser

170

Leu

Lys

Ile

Lys

Asn

250

Ala

Leu

Asn

Lys

Tyr

330

Thr

Ser

Leu

Leu

Leu

Val

Glu

Ala

155

Gln

Gly

Leu

Thr

Asn

235

Gln

Gln

Ile

Ala

Gln

315

Gln

Ala

Ala

Ile

Glu

Asp

Leu

Leu

140

Lys

Ser

Ser

Gln

Gly

220

Ala

val

Arg

Thr

Ala

300

Phe

Arg

Leu

val

Ser
380

Lys

Ser

Sex

125

Asp

Ala

Thr

Thr

Asn

205

Leu

Ser

Ile

val

Serx

285

Asp

Arg

Gly

Gly

Gly

365

Gly

Phe

Val

110

Thr

Ser

Sexr

Gln

Ile

190

Leu

Leu

Thr

Gly

Ala

270

Serxr

Lys

Lys

vVal

Ala

350

Ala

Ile

Leu

95

Glu

Leu

Leu

Ile

Thr

175

Ser

Asn

Ser

Gly

Asn

255

Ala

Ile

Phe

Phe

Gly

335

Val

Pro

Leu
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Gln A
Asn
Ser
Ile
Asp
160
Ile
Gln
Phe
Gly
Lys
240
val
Gly
Met
Asn
Gly
320
Thr
Ser

Ile

Glu
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Ala

385

Lys

Lys

Phe

Ile

Thr

465

Phe

Ala

Gln

Arg

Phe

545

Lys

Thr

Ile

Asp

Asp

625

val

Lys

Arg

éer
Ile
Gly
Leu
Thr
450
Lys
Glu
Lys
Ala
Glu
530
Gly
Leu
Asp
Phe
Arg
610
Gly
Ala

Val

Lys

Lys

Leu

Tyr

Ser

435

Gln

Leu

Asp

Thr

Leu

515

Arg

Arg

Asp

Glu

Val

595

val

Thr

Arg

Gly

Val
675

Gln

Glu

Asp

420

Glu

Gln

Gly

Gly

Gly

500

His

Leu

Val

Phe

Ile

580

Gly

Phe

Sex

Gly

Lys

660

Gly

Ala

Trp

405

Ser

Leu

Arg

Glu

Lys

485

Ile

Phe

Thxr

Lys

Ser

565

Gly

Gln

Tyx

Ala

Asp

645

Arg

Tyr

Met
390
Glu
Arg
Asn
Trp
Arg
470
Lys
Ile
Thr
Asn
Asn
550
Lys
Leu
Gly
Ser
Thr
630
Ile

Thr

Gly

Phe
Lys
Tyr
Lys
Asp
455
Ile
Val
Asp
Ser
ély
535
Trp
Val
Ile
Lys
Lys
615
Glu
Tyr

Glu

Tyr

Glu

Gln

Ala

Glu

440

Asn

Lys

Glu

Ile

Pro

520

Lys

Gln

Ile

vVal

Met

600

Asp

Ala

His

Thr

Gln
680

Ser

Asn

Ala

425

Leu

Asn

Ser

Ala

Ser

505

Leu

Tyr

Val

Gln

Asn

585

Asn

Gly

Gly

Glu

Ile

665

Ser

Val
Gly
410
Tyxr
Glu
Ile
Gly
Gly
450
Asn
Leu
Ser
Thr
Arg
570
Ala
Ile
Gly
Ser
Val
650

Gln

Thx

Ala

3985

Gly

Leu

Ala

Gly

Lys

475

Ser

Ser

Thr

Tyr

Asp

555

val

Lys

Asp

Phe

Tyr

635

val

Tyr

Asp

Asn

Gln

Ala

Glu

Glu

460

Ala

Asn

Asn

Ala

Ile

540

Gly

Ala

Ala

Gly

Gly

620

Thr

Lys

Arg

Asn

Arg

Asn

Asn

Arg

445

Leu

Tyr

Ile

Gly

Gly

525

Asn

Glu

Glu

Gly

Gly

605

Asn

val

Arg

Asp

Leu
685

Leu

Tyr

Asn

430

Val

Ala

Ala

Thr

Lys

510

Thr

Lys

Ala

Thr

Asn

590

Asp

Ile

Asn

Gln

Tyr

670

Lys

Gln

Phe

415

Leu

Ile

Gly

Asp

Leu

495

Lys

Glu

Leu

Ser

Glu

575

Asp

Gly

Thr

Arg

Glu

655

Glu

Ser
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Gly A
400
Asp
Lys
Ala
Ile
Ala
480
Asp
Thr
Ser
Lys
Ser
560
Gly
Asp
His
Val
Lys
640
Thr

Leu

Val
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Glu Glu val
690

Phe Asn Asp
705

Gly Ala Gly

Ser Gly Asp

Val Leu Asn
755

Asp Gly Asn
770

Phe Ala Asp

785

Gly Ile Ile
Arg Trp Tyr
Asp His Lys

835

Ser Asp Gln
850

Ile Thr Ser
865

Lys Leu Ser

Ser Met Ala

Gln Pro Ile
915

<210> 3
<211> 953
<212> PRT

Ile

Ile

Asp

Glu

740

Gly

Asp

Ala

‘Val

Ile

820

Ile

Ile

Gln

Ala

Leu

200

Thr

Gly

Phe

Asp

725

Gly

Gly

Thr

Asn

Lys

805

Thr

Glu

Asp

Glu

Ser

885

Phe

Gln

Sex

His

710

Arg

Asp

Ala

Leu

Ile

790

Arg

Ser

Gln

Lys

Leu

870

Asp

Gly

Pro

Gln

695

Ser

Leu

Asp

Gly

Tyr

775

Ser

Asn

Asn

Leu

Ile

855

Lys

Ile

Thr

Thr

Phe
Gly
Phe
Leu
Asn
760
Asp
Asp
Asp
Leu
Ile
840
Leu
Lys
Ala

Ala

Gln
920

<213> Pasteurella haemolytica

<400> 3

Asn

Glu

Gly

Leu

745

Asp

Gly

Ile

His

Gln

825

Gly

Gln

Leu

Ser

Asn

905

Gly

Asp

Gly

Gly

730

Asp

val

Thr

Met

Ser

810

Asn

Lys

Asp

Ala

Ser

890

Ser

Ile

val

Asp

715

Lys

Gly

Tyr

Gly

Ile

795

Gly

Tyr

Asp

Lys

Asp

875

Leu

Val

Leu

Phe

700

Asp

Gly

Gly

Ile

Asn

780

Glu

Ser

Gln

Gly

Lys

860

Glu

Asn

Sex

Ala

Lys

Leu

Asn

Ser

Phe

765

Asp

Arg

Ile

Ser

Ser

845

Asp

Asn

Lys

Ser

Pro
925

Gly

Leu

Asp

Gly

750

Arg

Lys

Thr

Asn

Asn

830

Tyr

Gly

Lys

Leu

Asn

g10

Ser

Ser

Asp

Arg

735

Asp

Lys

Leu

Lys

Ile

815

Lys

Ile

Thr

Ser

vVal

895

Ala

val
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Lys

Gly

720

Leu

Asp

Gly

Ala

Glu

800

Pro

Thr

Thr

Val

Gln

880

Gly

Leu

Met Gly Thr Arg Leu Thr Thr Leu Ser Asn Gly Leu Lys Asn Thr Leu

1 .

5

10

15

Thr Ala Thr Lys Ser Gly Leu His Lys Ala Gly Gln Ser Leu Thr Gln

20

25

30
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Ala

Pro

Leu

65

Arg

Ala

Asp

Glu

Ile

145

Ala

Glu

Leu

Asn

Gly

225

Ser

Ala

Asn

Ala

Val

305

Phe

Gly
Gln

50
val
Asn
Ile
Lys
Ser
130
Gln
Leu
Leu
Asp
Ile
210
Leu
Gly
Lys
Ile
Gly
290

Ser

Asn

Ser

35

Asn

Lys

Asn

Gly

Leu
115

Ile

Ser

Gln

Thr

Glu

195

Lys

Asp

Ala

Lys

Thr

275

Leu

Leu

His

Ser

Tyr

Ala

Ile

Leu

100

Leu

Val

Ile

Asn

Asn

180

Phe

Gly

Lys

Thr

val

260

Lys

Ser

Ala

Ala

Leu

Gln

Ala

85

Thr

Gln

Gln

Leu

Asn

165

Ser

Gly

Leu

Ala

Ala

245

Gly

Ala

Ser

Ile

Lys
325

Lys

Tyr

Glu

70

Thr

Glu

Lys

Asn

Gly

150

Ser

Leu

Glu

Gly

Gly

230

Ala

‘Ala

val

Thr

Ser

310

Ser

Thr

Asp

55

Glu

Ala

Arg

Thr

Ala

135

Ser

Asn

Ile

Gln

Thr

215

Leu

Leu

Gly

Ser

Gly

295

Pro

Leu

Gly

40

Thr

Leu

Gln

Gly

Lys

120

Asn

val

Gln

Glu

Ile

200

Leu

Gly

val

Phe

Ser

280

Pro

Leu

Glu

Ala

Glu

Gly

Thr

Ile

105

Ala

Lys

Leu

His

Asn

185

Ser

Gly

Leu

Leu

Glu

265

Tyr

val

Ala

Ser

Lys

Gln

Ile

Ser

90

Val

Gly

Ala

Ala

Ala

"170

Ile

Gln

Asp

Asp

Ala

250

Leu

Ile

Ala

Phe

Ty
330

Lys

Gly

Glu

75

Leu

Leu

Gln

Lys

Gly

155

Leu

Ala

Phe

Lys

val

235

Asp

Ala

Leu

Ala

Ala

315

Ala

Ile

Asn

60

val

Gly

Ser

Ala

Thr

140

Met

Ala

Asn

Gly

Leu

220

Ile

Lys

Asn

Ala

Leu

300

Gly

Glu

Ile

45

Gly

Gln

Thr

Ala

Leu

125

Val

Asp

Lys

Ser

Ser

205

Lys

Sexr

Asn

Gln

Gln

285

Ile

Ile

Arg

Leu

Leu

Arg

Ile

Pro

110

Gly

Leu

Leu

Ala

val

190

Lys

Asn

Gly

Ala
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270

Arg

Ala

Ala

Phe

Tyr

Gln

Glu

Gln

95

Gln

Ser

Ser

Asp

Gly

175

Lys

Leu

Ile

Leu

Ser

255

Val

Val

Ser

Asp

Lys
335
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Ile
Asp
Glu
80
Thr
Ile
Ala
Gly
Glu
160
Leu
Thr
Gln
Gly
Leu
240
Thr
Gly
Ala
Thr
Lys

320

Lys
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Leu Gly Tyr

- Gly Thr Ile
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Pro
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370
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Glu
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450
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Val
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Leu
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Gln

Glu
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Phe

535

Gln

Asp

Thr

val

Asp
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Glu

Len

Thr
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Glu
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Asn

Trp

Lys
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Ile
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Thr
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Thr
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Leu
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Lys
425
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Val
Ile
505
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Thr
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vVal
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Lys

Asn
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Ile
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Thr

Glu
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Asn
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Asn

Leu

490

Lys

Val
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Lys
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570

Val

Thr

Val

Asp

Glu

Asn

Gly

Gly

395

His

Asn

Ala

Leu

Asn

475

Ser

Ala

Ser

Leu

Tyr

555

Ile

Gln

Lys

Phe

Arg
635

Tyr

Thr

Ser

380

val

Val

His

Asn

Gln

460

Ile

Gly

Asp

Asn

Leu

540

Glu

Thr

Arg

Glu

val

620

vVal

Gln

Ala

365

vVal

Ile

Ala

Gly

Leu

445

Ala

Gly

Lys

Lys

Ser

525

Thr

Tyr

Asp

Ile

Thr

605

Gly

His

Arg

350

Leu

Ile

Ser

Asn

Lys

430

Gln

Glu

Asp

Ala

Leu

510

Gly

Pro

Ile

Gly

Gly

590

Lys

Ser

Tyr

Gly

Ala

Ala

Thr

Lys

415

Asn

Asp

Arg

Leu

Tyr

495

val

Lys

Gly

Thr

Ala

575

Ile

Ile

Gly

Ser
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Thr

Ala

Ser

Ile

400

Ile

Tyr

Asn

Val

Ala

480

Val

Gln

Ala

Thr

Lys

560

Ala

Glu

Ile

Thr

Arg
640
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Gly

Gly

Glu

Ile

Lys

705

Asp

Gly

Gly

Asp

Ile

785

Asp

Thr

Glu

Glu

Ile

865

Ile

Val

Leu

Ser

Asn Tyr
Ser Tyr
Val Thr

675
Glu Tyr
690
Asp Thr

Ile Phe

Val Asp

Gly

Thr

€60

Ser

Arg

Leu

Lys

Thr

" 740

Lys Gly
755

Gly Gly
770

Phe Val
Gly Asn
Phe Glu

Lys Val
835

Val Pro
850

Gly Gln
Ala Lys
Asp Asn
Asp Lys

915

Arg Asn
930

Asp

Lys

His

Asp

Lys

820

Thr

Asn

Asn

Gly

Tyr

900

Leu

val

Ala

645

val

Thx

His

Lys

Gly

725

Ile

Asp

Gly

Arg

Lys

805

Val

Ile

Tyr

Gly

Asn

885

Glu

Ile

Leu

Leu

Asn

Ser

Ala

710

Ser

Tyr

Ile

Asn

Lys

790

Leu

Lys

Gln

Lys

Glu

870

Gly

Leu

Ser

Val

Thr
Arg
Thr
Asn
695
val
Lys
Gly
Leu
Asp
775
Gly
Ser
His
Asn
Ala
855
Arg
Lys
Leu

Ser

Ala
835

Ile

Phe

Ala

680

Asn

Glu

Phe

Asn

Asp

760

Leu

Asp

Phe

Asn

Trp

840

Thr

Ile

Ile

Lys

val

920

Pro

Asp

val

665

Leu

Gln

Glu

Asn

Asp

745

Gly

Leu

Gly

Ser

Leu

825

Phe

Lys

Thr

Thr

His

905

Ser

Thr

11

Ala
650
Glu
Val
His
Ile
Asp
730

Gly

Gly

Asn

Asp

810

Val

Arg

Asp

Ser

Gln

890

Ser

Ala

Ser

Thr

Thr

Gly

His

Ile

715

Ala

Asn

Asn

Gly

Asp

795

Ser

Ile

Glu

Glu

Lys

875

Asp

Lys

Phe

Met

Lys

Gly

Asn

Ala

700

Gly

Phe

Asp

Gly

Gly

780

Ile

Asn

Thr

Ala

Lys

860

Gln

Glu

Asn

Thr

Leu
940

Glu

Lys

Arg

685

Gly

Thr

Asn

Arg

Asp

765

Lys

Ile

Leu

Asn

Asp

845

Ile

Val

Leu

Val

Ser

925

Asp

Thr

Ala

670

Glu

Tyr

Ser

Gly

Leu

750

Asp

Gly

Thr

Lys

Ser

830

Phe

Glu

Asp

Ser

Thr

910

Ser

Gln

Glu

655

Leu

Glu

Tyr

His

Gly

735

Phe

Phe

Asp

Asp

Asp

815

Lys

Ala

Glu

Asp

Lys

895

Asn

Asn

Ser
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His
Lys
Thr
Asn
720
Asp
Gly
Ile
Asp
Ser
800
Leu
Lys
Lys
Ile
Leu
880
Val
Ser

Asp

Leu
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Ser Ser Leu Gln Phe Ala Arg Ala Ala

945

<210> 4
<211l> 956
<212> PRT
<213> Actinobacillus pleuropneumoniae

<400> 4
Met Ser Lys Ile Thr Leu

1

Leu

Asn

Leu

Val

65

Arg

Thr

Pro

Leu

Val

145

Asn

Ala

Ser

Gly

Leu

225

Ile

Lys
Gly
Ile

50
Gln
Glu
Gln
Gln
Gly
130
Leu
Leu
Lys
Ser
Ser
210

Gln

Ser

Asn

Leu
35

Leu

Asp

Glu

Lys

Leu

115

Ser

Gly

Asn

Ala

val

195

His

Asn

Gly

Gly

20

Thr

Tyr

Leu

Arg

Ile

100

Asp

Ala

Gly

Glu

Gly

180

Gln

Leu

Leu

Leu

5

Lys

Gln

Ile

vVal

Ser

85

Leu

Asn

Ser

Ile

Leu

165

Leu

Thr

Gln

Pro

Leu
245

950

Asn

Thr

Pro

Lys

70

Asn

Gly

Leu

Sexr

Gln

150

Leu

Glu

val

Asn

Asp

230

Ser

Ser

Lys

Gly

Gln

55

Ala

Leu

Phe

Leu

Ile

135

Ser

Gln

Leu

Asp

val

21s

Leu

Gly

Ser

Leu

His

40

Gly

Ala

Asp

Thr

Lys

120

Ser

Ile

Asn

Thr

Ala

200

Lys

Gly

Ala

Leu

Asn

25

Ser

Tyr

Asn

Ile

Asp

105

Lys

Gln

Leu

Lys

Asn

185

Phe

Gly

Lys

Ser

Lys

10

Gln

Leu

Asp

Asp

Ala

920

Arg

Asn

Asn

Gly

Asp

170

Glu

Ala

Leu

Ala

Ala
250

Ser

Ala

Gln

Ser

Leu

75

Lys

Gly

Pro

Ile

Ser

155

Pro

Leu

Glu

Gly

Ser

235

Gly

Ser

Gly

Asn

Gly

60

Gly

Thr

Ile

Lys

Gly

140

vVal

Asn

vVal

Gln

Gly

220

Leu

Leu

Leu

Thr

Gly

Gln

Ile

Ser

val

Ile

125

Lys

Leu

Gln

Gly

Ile

205

Leu

Gly

Ile

Gln

Thr
30

Ala

Giy :

Glu

Phe

Leu

110

Gly

Ala

Ser

Leu

Asn

190

Ser

Ser

Leu

Leu

Gln

15

Leu

Lys

Asn

Val

Asp

95

Phe

Asn

Asn

Gly

Glu

175

Ile

Lys

Asn

Asp

Ala
255
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Gly
Lys
Lyg ’
Gly
Txp
Thr
Ala
Thr
Thr
val
160
Leu
Ala
Leu
Lys
Ile

240

Asp
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Lys

Asn

Ala

Leu

305

Asn

Glu

Phe

Thr

Ser

385

Leu

Val

Asn

Leu

Ala

465

Gly

Lys

Ser

Thr

Pro
545

Glu

Gln

Gln

290

Ile

Val

Arg

His

Ala

370

Leu

Ile

Ala

Lys

Gln

450

Glu

Asp

Ala

Ser

Asn

530

Gly

Ala
Ile
275
Arg
Ala
Ala

Phe

Arg

355

Leu

Val

Thr

Asn

Asn

435

Asp

Arg

Leu

Tyr

Val

515

Arg

Glu

Ser
260
Ile
val
Ser
Asp
Gln
340
Glu
Ala
Gly
Thr
Lys
420
Tyr
Asn
val
Ala
val
500
Gln

Lys

Glu

Thr

Gly

Ala

Thr

Lys

325

Lys

Thr

Ala

Ala

Ile

405

Val

Phe

Met

Val

Ala

485

Asp

Leu

Thr

Asn

Glu

Asn

Ser

val

310

Phe

Leu

Gly

Ile

Pro

390

Leu

His

Glu

Lys

Ala

470

Ile

Ala

Asp

Gln

Arg
550

Lys

Val

Gly

295

Ala

Lys

Gly

Thr

Ser

378

Val

Glu

Asp

Gln

Phe

455

Ile

Ser

Phe

Asn

Ser

535

Glu

Lys

Thr

280

Leu

Leu

Gln

Tyr

Ile

360

Gly

Ala

Tyr

Arg

Gly

440

Leu

Thr

Arg

Glu

Lys

520

Val

Arg

Ala

265

Lys

Ser

Ala

Ala

Asp

345

Asp

Gly

Leu

Ser

Ile
425

Tyr

Ile

Gln

Arg

Glu

505

Asn

Leu

Ile

13

Ala

Ala

Ser

Val

Asp

330

Gly

Ala

Val

Leu

Lys

410

Val

Asp

Asn

Gln

Thr

490

Gly

Gly

Phe

Gln

Ala

val

Thr

Ser

315

Leu

Asp

Ser

Gly

Val

395

Gln

Glu

Ser

Leu

Arg

475

Asp

Gln

Ile

Arg

Glu
555

Gly

Ser

Gly

300

Pro

Ile

Arg

Val

Ala

380

Ala

Ala

Trp

Arg

Asn

460

Trp

Lys

His

Ile

Thr

540

Gly

vVal
Ser
285
Pro
Leu
Lys
Leu
Thr
365
Ala
Gly
Met
Glu
His
445
Lys
Asp
Ile
Gln
Asn
525

Pro

Lys

Glu

270

Tyxr

val

Ser

Ser

Leu

350

Thr

Ser

val

Phe

Lys

430

Leu

Glu

Asn

Ser

Ser

510

Ile

Leu

Asn

Phe

Ile

Ala

Phe

Tyr

335

Ala

Ile

Ala

Thr

Glu

415

Lys

Ala

Leu

Gln

Ser

495

Tyr

Ser

Leu

Ser

PCT/US02/18263

Ala

Leu

Ala

Leu

320

Ser

Asp

Asn

Gly

Gly

400

His

His

Asp

Gln

Ile

480

Gly

Asp

Asn

Thr

Tyxr
560
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Ile

Gly

Ala

Lys

Ser

625

Tyr

Thr

Ala

Glu

Tyr

705

Gln

Gly

Leu

Asn

Asp

785

Thr

Lys

Gln

Leu

Thr

Asp

Val

Ile

610

Ser

Ser

Glu

Leu

Glu

690

Thr

Phe

Gly

Phe

Phe

770

Asn

Asp

Asp

Lys

Ala
850

Lys

Ala

Lys

595

Ile

Thr

Arg

Lys

His
675
Lys
Val
Asn
Asn
Gly
755
Leu
Asp
Ser
Leu
Gly

835

Ser

Leu
Ser
580
Phe
Ala
Thr
Gly
Gly
660
Glu
Ile
Thr
Asp
Gly
740
Gly
val
Ile
Gly
Thr
820

Glu

Thr

His

565

Ser

Asp

Asn

Val

Glu

645

Ser

Thr

Glu

Asp

Ile

725

val

Ala

Gly

Tyr

Gly

805

Phe

Lys

val

Ile

Ser

Asp

Leu

Ile

630

Tyr

Tyr

Ile

Tyr

Ser

710

Phe

Asp

Gly

Gly

val

790

Gln

Lys

Val

Ala

Gln

val

Ala

Gly

615

Asp

Gly

Ser

Ala

Arg

695

Leu

Thr

Asp

Thr

775

His

Asp

Lys

Arg

Asn
855

Arg

Asp

Gly

600

Ala

Gly

Ala

val

Thr

680

Arg

Lys

Gly

Ile

Asp

760

Gly

Lys

Lys

Val

Ile

840

Tyr

Val
Phe
585
Asn
Gly
Gly
Leu
Lys
665
His
Glu
Ser
Ser
Asp
745
Val
Asn
Thrx
Leu
Asp
825

Gly

Lys

14

Asp

570

Thxr

Ile

Asn

Asp

Val

650

Arg

Gln

Asp

val

Gln

730

Gly

Ile

Asp

Gly

Ala

810

Ser

Asn

Ala

Ser

Asn

Ile

Asp

Gly

635

Ile

Tyr

Thr

Asp

Glu

715

Phe

Asn

Asp

Ile

Asp

795

Phe

Ser

Trp

Thx

Trp

Val

Glu

Asn

620

His

Asp

Val

Asn

Arg

700

Glu

Asp

Asp

Gly

Ile

780

Gly

Ser

Leu

Phe

Asn
860

Thr

Val

Ser

605

Val

Asp

Ala

Gly

Val

685

Phe

Ile

Asp

Gly

Gly

765

Ser

Asn

Asp

Glu

Leu

845

Asp

Val

Gln

590

Lys

Phe

Arg

Thr

Asp

670

Gly

His

Ile

val

Asp

750

Asn

Gly

Asp

val

Ile

830

Glu

Arg

Thr

575

Arg

Asp

val

Val

Ala

655

Ser

Asn

Thr

Gly

Phe

735

Asp

Gly

Gly

Ser

Asn

815

Ile

Asp

Lys
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Asp .
Ile
Thr
Gly
His
640
Glu
Lys
Arg
Gly
Ser
720
His
His
Asn
Lys
Ile
800
Leu
Asn

Asp

Ile
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Glu Glu
865

Asp Lys
Ser Lys
Ser Asn
Ser Ser

930
Asp Val

945

<210> 5

Ile

Leu

Val

Ser

915

Asp

Serxr

<211l> 1023
<212> PRT
<213> Escherichia coli

<400> 5

Ile
Ile
Val
900
Leu
Phe

Asn

Met Pro Thr Ile

1

Lys Gln
Asp Ala
Leu Ile

50

Asn Asp
65

Asp Glu

Glu Lys

Gln Leu

Gly Gly
130

Val Leu
145

Lys Ile

Ser
Leu

35
Leu
Leu
Lys
Leu
Asp
115
Ser

Ser

Asp

Ala

20

Lys

Leu

val

Asn

Ile

100

Lys

Ala

Thr

Glu

Gly

Lys
885

Asn

Ala

Arg

Asn

Thr

5

Ala

Lys

Ile

Arg

Gly

85

Gly

Leu

Glu

Phe

Leu
165

Lys

870

Glu

Asp

Lys

Asn

Ile
950

Ala

Asn

Ala

Pro

Thr

70

Thr

Leu

Leu

Asn

Gln

150

Ile

Gly

Gly

Tyr

Leu

Asn

935

Gln

Ala

Lys

Ala

Lys

Ala

Ala

Thr

Gln

Ile

135

Asn

Lys

Gly

Asn

Asn

Ile

920

Leu

Leu

Gln

Leu

Glu

40

Asp

Asp

Ile

Glu

Lys

120

Gly

Phe

Lys

Glu

Asn

Thr

905

Ser

Gly

Ala

Ile
His
25

Gln

Tyr

Glu

Thr

Arg

105

Tyr

Asp

Leu

Gln

Arg

Gln

890

Ser

Ser

Thr

Arg

Lys

10

Ser

Thr

Lys

Leu

Lys

90

Gly

Gln

Asn

Gly

Lys
170

Ile

875

Ile

Lys

vVal

Tyr

Ala
955

Ser

Ala

Arg

Gly

Gly

75

Gln

val

Lys

Leu

Thr

155

Ser

Thr

Ser

Asp

Gly

Val

940

Ala

Thr

Gly

Asn

Gln

60

Ile

Val

Thr

Ala

Gly

140

Ala

Gly

Ser

Ala

Arg

Ser

925

Pro

Leu

Gln

Ala

45

Gly

Glu

Phe

Ile

Gly

125

Lys

Leu

Gly

Glu
Glu
Gln
910

Phe

Ser

Gln

Ser

30

Gly

Sexr

val

Gly

Phe

110

Asn

Ala

Serxr

Asn

Gln
Ala
895
Asn

Thr

Ser

Ser

15

Thr

Asn

Ser

Gln

Thr

95

Ala

Lys

Gly

Ser

val
175
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val
880
Leu
Val

Ser

Ile

Ala
Lys
Arg
Leu
Tyr

80
Ala
Pro
Leu
Ser
Met

160

Ser
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Ser

Asp

Asn

Gly

225

Leu

Leu

Glu

Tyr

Ala

305

Ser

Glu

Leu

Arg

Ala

385

Val

Phe

Lys

Ala

Glu
465

Ser

Thr

Lys

210

Asn

Asp

Ser

Leu

Ile

290

Ala

Phe

Tyr

Ala

Ile

370

Thr

Thr

Glu

Lys

Ala

450

Tyr

Glu
Ala
185
Leu
Lys
Thr
Asn
Thr

275

Ile

Leu
Ser
Ala
355
Ser
Thr
Gly
His
His
435

Phe

Ser

Leu

180

Ala

Gly

Leu

Val

Ala

260

Thr

Ala

Leu

Ser

Gln

340

Phe

Thr

Ser

Ile

val

420

Gly

Leu

val

Ala

Ser

Ser

Gln

Ser

245

Asp

Lys

Gln

Ile

Ile

325

Arg

His

Val

Leu

Ile

405

Ala

Lys

Glu

Glu

Lys

Leu

Val

Asn

230

Gly

Ala

Val

Arg

Ala

310

Ala

Phe

Lys

Leu

val

390

Ser

Ser

Asn

Asp

Arg
470

Ala

Asn

Leu

215

Leu

Ile

Asp

Leu

Ala

285

Ser

Asp

Lys

Glu

Ala

375

Gly

Gly

Lys

Tyr

Asn

455

Ser

Ser

Asn

200

Ser

Pro

Leu

Thr

Gly

280

Ala

Val

Lys

Lys

Thr

360

Sexr

Ala

Ile

Met

Phe

440

Phe

val

Ile

185

Val

Asn

Asn

Ser

Gly

265

Asn

Gln

Val

Phe

Leu

345

Gly

val

Pro

Leu

Ala

425

Glu

Lys

Leu

16

Glu

Asn

Thr

Leu

Ala

250

Thr

vVal

Gly

Thr

Lys

330

Gly

Ala

Ser

Val

Glu

410

Asp

Asn

Ile

Ile

Leu

Ser

Lys

Asp

235

Ile

Lys

Gly

Leu

Leu

315

Arg

Tyr

Ile

Ser

Ser

395

Ala

Val

Gly

Leu

Thr
475

Ile

Phe

His

220

Asn

Ser

Ala

Lys

Ser

300

Ala

Ala

Asp

Asp

Gly

380

Ala

Ser

Ile

Tyx

Ser

460

Gln

Asn

Ser

205

Leu

Ile

Ala

Ala

Gly

285

Thr

Ile

Asn

Gly

Ala

365

Ile

Leu

Lys

Ala

Asp

445

Gln

Gln

Gln

190

Gln

Asn

Gly

Ser

Ala

270

Ile

Ser

Ser

Lys

Asp

350

Ser

Ser

val

Gln

Glu

430

Ala

Tyr

His

Leu

Gln

Gly

Ala

Phe

255

Gly

Ser

Ala

Pro

Ile

335

Ser

Leu

Ala

Gly

Ala

415

Trp

Arg

Asn

Txp
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val ‘
Leu
val
Gly
240
Ile
val
Gln
Ala
Leu
320
Glu
Leu
Thr
Ala
Ala
400
Met
Glu
His
Lys

Asp
480
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Thr
Leu
Glu
Gly
val
545
Ser
Lys
Ser
Ile
Ser
625
Tyr
Ala
Val
Lys
Asn
705
Leu
Asp

Gly

Gly

Leu

Ser

Lys

Asn

530

Thxr

Gly

Trp

Asn

Arg

610

Ala

Tyr

Thr

Lys

Arg

690

Gly

Ile

Ile

Asn

Asn
770

Ile

Gly

Lys

515

Ile

Pro

Lys

Thr

Gly

Lys

500

Pro

Asp

Leu

Tyr

Val

" 580

Leu
595
Ile
Gly
Asp
Glu
Val
675
Thr
Lys
Gly
Phe
Asp

755

Gly

Ile

Glu

Ser

Lys

Ala

660

Leu

Glu

Asn

Thr

His

740

Arg

Asp

Glu

485

Ser

Asp

Leu

Leu

Glu

565

Lys

Gln

Ser

Ala

Thr

645

Gly

Gln

Lys

Leu

Thr

725

Gly

Leu

Asp

Leu

Tyr

Glu

Ser

Thr

550

Tyr

Gly

His

His

Asn

630

Asp

Asn

Glu

Thr

Thr

710

Arg

Ala

TYY

Gln

Ala

Ile

Phe

Asp

535

Pro

Ile

val

Ala

Leu

615

Ile

Thr

TYyY

Val

Gln

695

Glu

Ala

Asp

Gly

Leu
775

Gly

Asp

Gln

520

Ser

Gly

Thr

Gln

Ser

600

Gly

Tyr

Gly

Thr

Val

680

Tyr

Thr

Asp

Gly

Asp

760

Tyr

Val

Tyx

505

Lys

Lys

Glu

Glu

Asp

585

Val

Asp

Ala

Tyr

vVal

665

Lys

Arg

Asp

Lys

Asp

745

Lys

Gly

Thxr
490
Tyx
Gln
Ser
Glu
Leu
570
Lys
Gly
Gly
Gly
Leu
650
Thr
Glu
Ser
Asn
Phe
730
Asp

Gly

Gly

Arg
Glu
Val
Ser
Ile
555
Leu
Gly
Asn
Asp
Lys
635
Thr
Arg
Gln
Tyr
Leu
715
Phe
His
Asn

Asp

Asn

Glu

Phe

Thr

540

Arg

Val

Ser

Asn

Asp

620

Gly

Ile

Val

Glu

Glu

700

Tyr

Gly

Ile

Asp

Gly
780

Gly

Gly

Asp

525

Leu

Glu

Lys

val

Gln

605

Lys

His

Asp

Leu

Val

685

Phe

Ser

Ser

Glu

Thr

765

Asn

Asp

Lys

510

Pro

Leu

Arg

Gly

Tyr

590

Tyr

Val

Asp

Gly

Gly

670

Ser

Thr

Val

Lys

Gly

750

Leu

Asp

Lys

495

Arg

Leu

Lys

Arg

val

575

Asp

Arg

Phe

val

Thr

655

Gly

Val

His

Glu

Phe

735

Asn

Ser

Lys

PCT/US02/18263

Thr
Leu
Lys
Phe
Gln
560
Asp
Tyr
Glu
Leu
val
640
Lys
Asp
Gly
Ile
Glu
720
Ala
Asp

Gly

Leu
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Ile Gly Gly Ala
785

Glu Leu Gln Vval
Gly Lys Gly Asn
820

Asp Gly Gly Glu
835

Ile Tyr Arg Tyr
850

Gly Gly Lys Asp
865

Val Ala Phe Arg

Gly Asn Val Leu
900

Trp Phe Glu Lys
915

Ile Phe Asp Lys
930

Ala Leu Glu Tyr
945

Asn Asp Ala Leu

Asn Glu Ile Ser
980

Glu Glu Arg Ala
995

Aép Phe Ser Tyr
1010

<210> 6

<211> 12

<212> PRT

<213> Moraxella

<400> 6
Phe Leu Ser Glu
1

<210> 7
<21l> 12

Gly

Gln

805

Asp

Gly

Leu

Asp

Arg

885

Ser

Glu

Asp

Gln

Ala

965

Lys

Ala

Gly

Asn

790

Gly

Lys

Asn

Ser

Lys

870

Glu

Ile

Ser

Gly

Gln

950

Tyr

Ile

Ala

Asn

Asn

Leu

Asp

Gly

855

Leu

Gly

Gly

Gly

Arg

S35

Ser

Gly

Ile

Ser

Tyr

Ser

Tyr

Leu

840

Tyr

Ser

Asn

His

Asp

920

val

Asn

Ser

Ser

Leu
1000

Arg Asn Ser

bovis

1015

Leu

Leu

Gly

825

Leu

Gly

Leu

Asp

Lys

905

Ile

Ile

Asn

Gln

Ala

985

Leu

Ile

18

Asn

Ala

810

Ser

Lys

His

Ala

Leu

890

Asn

Ser

Thr

Lys

Gly

970

Ala

Gln

Thr

Gly Gly
795

Lys Asn

Glu Gly

Gly Gly

His Ile
860

Asp Ile
875

Ile Met

Gly Ile

Asn His

Pro Asp

940

Ala Ser
955

Asn Leu

Gly Asn

Asp

vVal

Ala

Tyr

845

Ile

Asp

Tyr

Thr

Gln

925

Ser

Tyr

Asn

Phe

Gly

Leu

Asp

830

Gly

Asp

Phe

Lys

Phe

910

Ile

Leu

val

Pro

Asp
990

Asp

Ser

815

Leu

Asn

Asp

Arg

Ala

895

Lys

Glu

Lys

Tyr

Leu

975

val

Leu Ser Gly Asn Ala

Leu Thr
1020

Leu Asn Lys Glu Leu Glu Ala Glu

5

10

1005

Ala

Ser

Ala

PCT/US02/18263

Asp
800
Gly
Leu
Asp
Asp
Asp
880
Glu
Asn
Gln
Lys
Gly
960
Ile

Lys

Ser
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19

<212> PRT .
<213> Pasteurella haemolytica

<400> 7
Phe Leu Leu Asn Leu Asn Lys Glu Leu Gln Ala Glu
1 5 10

<210> 8

<211l> 12

<212> PRT

<213> Escherichia coli

<400> 8
Ile Leu Ser Gln Tyr Asn Lys Glu Tyr Ser Val Glu
1 5 10

<210> 9

<211l> 12

<212> PRT

<213> Actinobacillus pleuropneumoniae

<400> S
Phe Leu Ile Asn Leu Asn Lys Glu Leu Gln Ala Glu
1 5 10

<210> 10

<211> 12

<212> PRT

<213> Actinobacillus pleuropneumoniae

<400> 10
Leu Leu Ser Gln Tyr Asnm Lys Glu Tyr Ser Val Glu
1 5 10

<210> 11

<21l> 12

<212> PRT

<213> Actinobacillus suis

<400> 11
Phe Leu Ile Asn Leu Asn Lys Glu Leu Gln Ala Glu
1 5 10

<210> 12

<211l> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: consensus
sequence
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20

<220>

<221> MOD_RES
<222> (3)

<223> L, ¥, A or V

<220>

<221> MOD_RES
<222> (7)..(8)
<223> L, ¥, A or VvV

<400> 12

Phe Leu Xaa Asn Lys Glu Xaa Xaa Glu
1 5

<210> 13

<211l> 14

<212> PRT

<213> Moraxella bovis

<400> 13
Phe Asn Asp Ile Phe His Ser Gly Glu Gly Asp Asp Leu Leu
1 5 10

<210> 14

<211> 14

<212> PRT

<213> Actinobacillus pleuropneumoniae

<400> 14
Phe Arg Asp Ile Phe His Gly Ala Asp Gly Asp Asp Leu Leu
1 5 10

<210> 15

<211> 14

<212> PRT

<213> Actinobacillus actinomycetemcomitans

<400> 15
Phe Asn Asp Val Phe His Gly His Asp Gly Asp Asp Leu Ile
1 5 10

<210> 16

<211> 14

<212> PRT

<213> Actinobacillus pleuropneumoniae

<400> 16

Phe Arg Asp Ile Phe His Gly Ala Asp Gly Asp Asp Leu Leu
1 5 10

<210> 17

" <211s> 11

PCT/US02/18263
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<212>
<213>

<220>

<223>

PRT
Artificial Sequence

sequence

<220>

<221>
<222>
<223>

<400> 17

MOD_RES
(11)
L or I

Phe Asp Phe His

1

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

<400>

18

737
PRT
Moraxella

18

Met Gly Gly Asp

1

Ser

Leu

Ile

Glu

65

Lys

Trp

Ile

Tyr

Ser

145

Ile

Val

Asn

Val

Met

50

Trp

Gln

Cys

Leu

Asp

130

Glu

Leu

Ile

Leu

Ile

358

His

Met

Pro

Asp

Thr

11s

Leu

Arg

Gly

Lys

Val
20

Leu

Gln

Leu

“

Leu

Asn

100

Lys

Ile

Tyr

Ser

Tyr
180

21

Description of Artificial Sequence: consensus

Gly Ala Asp Gly Asp Asp Xaa
5 10

bovis
Thr Ser Leu Ile Arg Leu Asn Leu Gln
5 10

Met Ile Asp Tyr Ala Gln Gln Pro Ala
25

Ala Lys Tyr Tyr Gly Ile Ser Ala Ser
Phe Ser Asp Asn Thr Lys Gly Asp Leu
55 60

Ala Ala Lys Lys Leu Glu Leu Lys Val
70 75

Thr Arg Leu Ser Met Ile Thr Leu Pro
85 90

Lys Pro Asp Leu Asp Gln Asn Leu Asn
105

Ile Asp Gly Val Gly Ser Ala Ala Lys
120 125

Glu Asn Arg Pro Ile Ile Leu Asp Ala
135 140

Ser Gly Lys Leu Met Leu Val Thr Ser
150 155

Leu Ala Lys Phe Asp Phe Thr Trp Phe
165 170

Arg Tyr Ile Phe Phe Glu Val Ile Val
185

Thr

Leu

30

Pro

Asn

Lys

Ala

Ser

110

Tyr

Ser

Arg

Ile

Ile
190

Leu

15

Ser

Ala

Glu

Ile

Leu

95

His

Leu

Glu

Ala

Pro

175

Ser

PCT/US02/18263

Asn

Ala

Asp

Ile

Ile

80

Val

Phe

Ile

Phe

Ser

160

Ala

Val
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val

Met

Ala

225

Leu

Leu

Phe

Glu

Asp

305

Pro

Ala

Arg

385

Ala

Met

Gly

Gln

Gln

465

Pro

Leu
Asp
210
Ile
Arg
Gly
Glu
His
290
Leu
Thr
Ser
Ala
val
370
Trp
Lys
Val
Lys
Val
450

Gln

Thr

Gln

195

Lys

Ala

Thr

Ala

Ser
275

Ile

Val

Leu

Ala

Arg

355

Gly

Asp

Leu

Ile

Leu

435

Ala

val

Glu

Ile

Val

Leu

Tyr

Arg

260

Arg

Arg

Phe

Thr

Phe

340

Asn

Thr

Asn

Ala

Val

420

Ser

Ala

Gly

His

Phe

Leu

Leu

Ile

245

Leu

Arg

Asn

Ser

Leu
325

-
=
(¢

Ala

val

Gln

Met

405

Ala

Val

Pro

Ile

Ser
485

Ala

Val

val

230

Phe

Phe

val

Phe

Phe

310

Val

Ser

Asp

Lys

Leu

390

val

Thr

Gly

Val

Ser

470

Thr

Leu
His
215
val
Ala
Arg
Gly
Leu
295

Ile

vVal

Asn
Ala
375
Ala
Gly
Leu
Gln
Ile
455

val

Ser

Ile
200
Arg
Ser
His
His
Asp
280
Thr
Phe
Leu
Ile
Gln
360
Met
Ala
Gln
Trp
Leu
440
Arg

Ala

Arg

Thr
Gly
Leu
Thr
Leu
265
Thr
Gly
Leu
Ala
Leu
345
Ser
Ala
TyY
Gln
Ile
425
Ile
Leu
Arg

Leu

22

Pro

Phe

Phe

Thr

250

Leu

Val

Gln

Phe

Ser

330

Arg

Phe

val

val

Gly

410

Gly

Ala

Ala

Leu

Thr
490

Leu
Ser
Glu
235
Ser
Ala
Ala
Ala
vVal
315
Leu
Thr
Leu
Glu
val
395
val
Ala
Phe
Gln
Gly

475

Leu

Phe

Thr

220

Val

Arg

Leu

Arg

Leu

300

Met

Pro

Arg

val

Pro

380

Ser

Gln

Lys

Asn

Leu

460

Asp

Pro

Phe

205

Leu

Ile

Ile

Pro

Ile

285

Thr

Trp

Ile

Leu

Glu

365

Gln

Ser

Leu

Leu

Met

445

Trp

Ile

Asp

Gln

Asp

Leu

Asp

Leu

270

Arg

Ser

Tyr

Tyr

Asn

350

Ser

Met

Phe

Ile

vVal

430

Leu

Gln

Leu

Ile

Val

vVal

Ser

val

255

Ala

Glu

val

Tyr

Ala

335

Asp

Ile

Thr

Arg

Gln

415

Ile

Ala

Asp

Asn

Lys
495

PCT/US02/18263

val

val

Gly

240

Glu

Tyxr

Leu

Leu

Ser

320

Phe

Gln

Thr

Arg

val

400

Lys

Glu

Gly

Phe

Thx

480

Gly
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Asp

Leu

Gly

Val

545

Asn

Val

Ile

Ala

Tyr

625

Arg

Leu

Ala

Ile

Ala

705

Leu

Gly

Ile
Ile
Ile
530
Gln
Asp
val
Ala
Lys
610
Asp
Gln
Ile
Ile
Ile
690
Met

Gln

<210> 19
<21l> 70

<212>
<213>

<400> 19
Met Glu Ala Asn His Gln Arg Asn Asp Leu Gly Leu Val Ala Leu Thr

1

Thr

Leu

515

val

Arg

Leu

Leu

Leu

595

Met

Thr

Arg

Phe

Met

675

Ala

Asp

Lys

8

PRT
Pasteurella haemolytica

Phe
500
Gln
Gly
Leu
Ala
Gln
%80
Thr
Ser
Ile
Ile
Asp
660
Gln
His
Lys

Glu

Glu

Asn

Arg

Tyr

Leu

565

Glu

Asp

Gly

vVal

Ala

645

Glu

Asn

Arg

Gly

Asp
725

5

Asn

Leu

Ser

Val

550

Ala

Asn

Thr

Ala

Gly

630

Ile

Ala

Met

Leu

Lys

710

Gly

Val

Asn

Gly

535

Pro

Asp

val

Gly

His

615

Glu

Ala

Thr

Gln

Ser

695

Ile

Tyr

Asp

Leu

520

Ser

Glu

Pro

Leu

Met

600

Asp

Gln

Arg

Ser

Ala

680

Thr

val

Tyr

Phe
505
Gln
Gly
Asn
Ala
Leu
585
Ser
Phe
Gly
Ala
Ala
665
Ile
Val

Glu

Arg

23

Arg Tyr

Ile Asn

Lys Ser

Gly Arg
555

Trp'Leu
570

Asn Arg

Leu Glu

Ile Met

Ala Gly

635

Leu Ile
650

Leu Asp
Cys Gln
Lys Met
Gln Gly

715

Tyr Leu
730

10

Lys

Ala

Thr

540

Ile

Arg

Ser

Phe

Glu

620

Leu

Thr

Tyr

Gly

Ala

700

Thr

Tyr

Ile

Gly

525

Leu

Leu

Arg

Ile

Ile

605

Leu

Ser

Asn

Glu

Arg

685

His

His

Asp

Asp

510

Glu

Thr

vVal

Gln

Arg

590

Ile

Pro

Gly

Pro

Ser

670

Thr

Arg

Gln

Leu

Ile

Lys

Asp

Val

575

Asp

Gln

Glu

Gly

Arg

655

Glu

vVal

Ile

Glu

Gln
735

15

PCT/US02/18263

His
Leu
Leu
Gly
560
Gly
Asn
Ala
Gly
Gln
640
Ile
Arg
Leu
Ile
Leu

720

Asn
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Met

His

Leu

Ile

65

Asn

Tyr

Asp

Arg

Ile

145

Val

Gln

Asn

Leu

Asp

225

Ile

Arg

Ser

Tyr

Tyr
305

Leu
Lys
Ala

50
Ser
Gly
Leu
Glu
Ala
130
Pro
Ser
vVal
Ile
Ser
210
vVal
Ser
Glu
Val
Tyr

290

Ile

Ala

Phe

35

Ala

Arg

Lys

Thr

Phe

115

Serx

Ala

Ile

Val

Ile

195

Glu

Tyr

Leu

Leu

275

Ser

Leu

Gln
20
Asp

Lys

Leu

Tyr

100

Glu

val

val

Phe

Met

180

Thr

Leu

Leu

Phe

Asp

260

Asp

Pro

Trp

Tyr

Leu

Ser

His

Phe

85

Asn

Ala

Val

Ile

Leu

165

Asp

Val

Arg

Gly

Glu

245

Gln

Leu

Lys

Ser

His

Asp

Leu

Leu

70

Leu

Leu

Cys

Gly

Lys

150

Gln

Lys

Ala

Thr

Ala

230

Asn

Ile

Leu

Leu

Ile
310

Asn

Gly

Ala

55

Val

Leu

Glu

Tyr

Gln

135

Tyr

Ile

Val

Leu

Tyr

215

Lys

Arg

Arg

Phe

Thr

295

Phe

Ile
Lys
Leu
Asn
val
Gln
Gln
120
Leu
Arg
Phe
Leu
Ala
200
Val
Leu
Arg
Asn
Ser
280

Leu

Ile

Ser

25

Gly

Lys

Leu

Lys

Asp

105

Gly

Ala

Lys

Ala

val

185

Ile

Phe

Phe

Val

Phe

265

Phe

Val

Ser

24

Leu

Leu

Ala

Pro

Val

90

Ala

Gln

Lys

Ile

Leu

170

His

Val

Ser

Arg

Gly

250

Leu

Ile

Ile

Pro

Asn

Ser

Lys

Ala

75

Asp

Pro

Leu

Phe

Phe

155

Ile

Arg

Ile

His

His

235

Asp

Thr

Phe

Leu

Ile
315

Pro

Leu

His

60

Leu

Thr

Gln

Ile

Asp

140

Leu

Thr

Gly

Ile

Ser

220

Leu

Thr

Gly

Phe

Gly

300

Leu

Glu

Thr

45

Ile

Val

Asp

Ile

Leu

125

Phe

Glu

Pro

Phe

Phe

205

Thr

Leu

val

Gln

Ala

285

Ser

Arg

Glu

30

Ala

Lys

Trp

Asn

Leu

110

vVal

Thr

Thr

Leu

Ser

190

Glu

Ser

Ser

Ala

Ala

270

Val

Leu

Arg

Ile

Trp

Lys

Gln

Asn

95

Sexr

Thr

Trp

Leu

Phe

175

Thr

Ile

Arg

Leu

Arg

255

Leu

Met

Pro

Arg

PCT/US02/18263

Lys
Leu
Glu
Asp
80
Arg
Thr
Sexr
Phe
Ile
160
Phe
Leu
Val
Ile
Pro
240
val
Thr
Trp

Cys

Leu
320
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Asp

Ser

Met

Phe

Ile

385

val

Leu

Gln

Leu

Ile

465

Asp

Glu

Thr

Ile

Gln

545

Arg

Ile

Arg

Gly

Glu
Val
Thr
Arg
370
Gln
Ile
Ser
Asp
Asn
450
Lys
Ala
Val
Lys
Asp
530
Ile
Glu
Tyr

Glu

Gly
610

Lys

Thr

Asp

355

val

Lys

Ser

Gly

Phe

Ala

340

Thr

Thr

Thr

Gly

Gln

1420

Phe
435
Ser
Gly
Pro
Ile
Leu
515
Gly
Gly
Asn
Ala
Gly

595

Gln

Gln

Pro

Asp

Thr

Gly

500

Leu

His

vVal

Ile

Ala

580

Tyr

Arg

Ala

325

Ile

Trp

Val

val

Asp

405

Val

Gln

Thr

Ile

Ile

485

Ile

Gln

Asp

Val

Ala

565

Lys

Asn

Gln

Arg
Asn
Asp
Leu
Met
390
Leu
Ile
val
Glu
Ser
470
Leu
Val
Arg
Leu
Leu
550
Leu
Leu

Thr

Arg

Ser

Met

Lys

Ala

375

val

Ser

Ala

Gly

Gln

455

Phe

Asn

Gly

Phe

Ala

535

Gln

Ser

Ala

Ile

Ile
615

Ala
Ile
Gln
360
Thr
Ile
Ile
Pro
Ile
440
Tyr
Lys
Asn
Arg
Tyxr
520
Leu
Asp
Asp
Gly
Val
600

Ala

Asp

Lys

345

Leu

Ile

Asn

Gly

Val

425

Ser

Gln

Asn

val

Ser

505

Ile

Ala

Asn

Pro

Ala

585

Gly

Ile

25

Asn

330

Ala

Ala

Gly

Leu

Gln

410

Ile

val

Gly

Ile

Asn

490

Gly

Pro

Asp

Val

Gly

570

His

Glu

Ala

Gln
Met
Ser
Gln
Trp
395
Leu
Arg
Thr
Lys
Arg
475
Leu
Ser
Glu
Pro
Leu
555
Met
Asp

Gln

Arg

Ala

Ala

Tyr

Gln

380

Leu

Ile

Leu

Arg

Leu

460

Phe

Glu

Gly

Asn

Asn

540

Leu

Pro

Phe

Gly

Ala
620

Phe

val

Val

365

Gly

Gly

Ala

Ala

Leu

445

Ser

Arg

Ile

Lys

Gly

525

Trp

Asn

Met

Ile

Ala

605

Leu

Leu

Ala

350

Ser

val

Ala

Phe

Gln

430

Gly

Leu

Tyr

Arg

Ser

510

Gln

Leu

Arg

Glu

Ser

590

Gly

vVal

val

335

Pro

Ser

Gln

His

Asn

415

Leu

Asp

Pro

Lys

Gln

495

Thr

val

Arg

Ser

Arg

575

Glu

Leu

Asn

PCT/US02/18263

Glu

Gln

Ser

Leu

Leu

400

Met

Trp

Val

Glu

Pro

480

Gly

Leu

Leu

Arg

Ile

560

val

Leu

Ser

Asn
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Pro

625

Ser

Thr

Arg

His

Leu
705

Lys

Glu

Val

Ile

Glu

690

Gln

Ile

His

Ile

Ile

675

Leu

Leu

<210> 20

<211l> 707
<212> PRT
<213> Actinobacillus pleuropneumoniae

<400> 20
Met Asp Phe

1

Leu

Lys

Ala

65

Gly

Leu

Glu

Ala

Pro

145

Ser

Ala

Phe

Ala

50

Arg

Lys

Ile

Phe

Sexr

130

Ala

Ile

Gln

Asp

35

Lys

Leu

His

Phe

Glu

115

Ile

vVal

Phe

Leu

Ile

Leu

660

vVal

Leu

Asn

Tyr

Tyr

20

Leu

Ser

Ala

Phe

Asp

100

Ser

Val

Ile

Leu

Ile
Ile
645
Ile

Met

Gln

Arg

5

His

Glu

Leu

Phe

Ile

85

Leu

Leu

Gly

Lys

Gln
165

Phe
630
Met
Ala

Glu

Asn

Glu

Asn

Gly

Glu

Ile

70

Leu

Glu

Tyr

Lys

Tyr

150

Ile

Asp Glu Ala
Gln Asn Met
His Arg Leu

665

Lys Gly Glu
680

Ser Asn Gly
695

Glu Asp Tyr
Ile Ala Val
25

Lys Gly Leu
40

Leu Lys Ala
55

Ala Leu Pro
Thr Lys Ile
Thr His Asn

105

Gln Gly Lys
120

Leu Ala Lys
135

26

Thr
Gln
650
Ser

Ile

Leu

Gly

10

Asn

Asp

Lys

Ala

Asp

90

Pro

Leu

Phe

Arg Lys ;ngPhe

Phe Ala Leu

w

Ile
170

Ser
635
Lys
Thr

val

Tyr

Leu

Leu

Gln

Leu

75

Asn

Arg

Ile

Asp

Ile

155

Thr

Ala

Ile

Val

Glu

Ser
700

Tyxr

Glu

Thr

val

60

Val

Glu

Ile

Leu

Phe

140

Glu

Pro

Leu

Cys

Lys

Gln

685

Tyr

Ala

Glu

Ala

45

Lys

Trp

Ala

Leu

val

125

Thr

Thr

Leu

Asp
Gln
Asn
670

Gly

Leu

Leu

Leu

30

Trp

Lys

Arg

Lys

Glu

110

Ala

Trp

Leu

Tyr
Gly
655
Ala

Lys

His

Thr

15

Lys

Leu

Ala

Glu

Lys

95

Gln

Ser

Phe

Ile

Phe
175

PCT/US02/18263

Glu
640
Arg
Asp

His

Gln

Ile

His

Leu

Ile

Asp

80

Tyrx

Ala

Arg

Ile

Val

160

Gln
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Val

Val

Asn

val

225

Ser

Glu

Val

Tyx

Met

305

Glu

Val

Thr

Arg

Gln

385

Ile

Ser

Asp

Asn

Lys
465

Val
Ile
Gly
210
Glu
Tyr
Leu
Leu
Ser
290
Gly
Lys
Thxr
Asn
val
370
Lys
Sexr
Gly
Phe
Ser

450

Gly

Met

Thr

195

Leu

Leu

Phe

Asp

Asp

275

Pro

Trp

Phe

Ala

Thr

355

Thr

Val

Gly

Gln

Gln

435

Pro

Asp

Asp

180

val

Arg

Gly

Glu

Gln

260

Leu

Lys

Ser

Ala

Ile

340

Trp

Thr

val

Asp

Val

420

Gln

Thx

Ile

Lys

Ala

Thr

Ala

Asn

245

Ile

Met

Leu

Ile

Arg

325

Asn

Asp

Leu

Met

Leu

405

Ile

Val

Glu

Thr

vVal

Leu

Tyr

Arg

230

Arg

Arg

Phe

Thr

Phe

310

Gly

Thr

Lys

Ala

Val

390

Ser

Ala

Gly

Ser

Phe
470

Leu

Ala

Ile

215

Leu

Arg

Asn

Ser

Leu

295

Ile

Ala

Ile

Gln

Thr

375

Ile

Ile

Pro

Ile

Tyr

455

Arg

Val

Ile

200

Phe

Phe

Val

Phe

Phe

280

val

Ser

Asp

Lys

Leu

360

Ile

Thr

Gly

Val

Ser

440

Gln

Asn

His

185

Val

Ala

Arg

Gly

Leu

265

Ile

Ile

Pro

Asn

Ala

345

Ala

Gly

Leu

Gln

Ile

425

val

Gly

Ile

27

Arg

Val

His

His

Asp

250

Thr

Phe

Leu

Ile

Gln

330

Leu

Ser

Gln

Trp

Leu

410

Arg

Thr

Lys

Arg

Gly

Leu

Ser

Leu

235

Thr

Gly

Phe

Gly

Leu

315

Ser

Ala

Tyr

Gln

Leu

385

Ile

Leu

Arg

Leu

Phe
478

Phe

Phe

Thr

220

Leu

val

Gln

Ala

Ser

300

Arg

Phe

Val

val

Gly

380

Gly

Ala

Ala

Leu

Ala

460

Arg

Ser

Glu

205

Ser

Ala

Ala

Ala

val

285

Leu

Arg

Leu

Thr

Ser

365

Val

Ala

Phe

Gln

Gly

445

Leu

Tyr

Thr

190

Ile

Arg

Leu

Arg

Leu

270

Met

Pro

Arg

val

Pro

350

Ala

Gln

His

Asn

Leu

430

Asp

Pro

Lys

Leu

Val

Ile

Pro

Val

255

Thr

Trp

Phe

Leu

Glu

335

Gln

Gly

Phe

Leu

Met

415

Trp

Val

Glu

Pro

PCT/US02/18263

Asn '
Leu
Asp
Ile
240
Arg
Ser
Tyxr
Tyr
Asp
320
Ser
Met
Phe
Ile
Val
400
Leu
Gln
Leu

Ile

Asp
480
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Ala

val

Lys

Asp

vVal

545

Asp

His

Glu

Gly

Lys

625

Glu

Val

Ile

Glu

Gln
705

Pro val

Ile Gly

Leu Ile
515

Gly His
530
Gly val

Asn Ile

Ala Ala

Ile

Ile

500

Gln

Asp

Val

Ala

Lys

" 580

Gly Tyr
595

Gln Arg
610

Ile Leu

His Ile

Ile Ile

Ile Vval
675

Leu Leu
690

Ser Glu

<210> 21
<211> 707
<212> PRT

<213>-

<400> 21
Met Asp Ser Cys His Lys Ile Asp Tyr Gly Leu Tyr Ala Leu Glu Ile

1

Asn

Gln

Ile

Ile

Ile

660

Met

Ala

Leu

485

Val

Arg

Leu

Leu

Leu

565

Leu

Thr

Arg

Phe

Met

645

Ala

Glu

Asp

S

Asn
Gly
Phe
Ala
Gln
550
Ala
Ala
Ile
Ile
Asp
630
Arg
His
Lys

Pro

Escherichia coli

Asp

Arg

Tyr

Leu

535

Asp

Asp

Gly

Val

Ala

615

Glu

Asn

Arg

Gly

Asn
695

Vail

Ser

Ile

520

Ala

Asn

Pro

Ala

Gly

600

Ile

Ala

Met

Leu

Gln

680

Gly

Asn

Gly

505

Pro

Asp

Val

Gly

His

585

Glu

Ala

Thr

His

Ser

665

Ile

Leu

28

Leu

490

Ser

Glu

Pro

Leu

Met

570

Glu

Gln

Arg

Ser

Gln

650

Thr

val

Tyr

10

Ser

Gly

Asn

Asn

Leu

558

Pro

Phe

Gly

Ala

Ala

635

Ile

vVal

Glu

His

Ile

Lys

Gly

Trp

540

Asn

Met

Ile

Ala

Leu

620

Leu

Cys

Lys

Gln

Tyxr
700

Gln

Ser

Gln

525

Leu

Arg

Glu

Ser

Gly

605

Val

Asp

Lys

Asn

Gly

685

Leu

Gln

Thr

510

Val

Arg

Ser

Lys

Glu

590

Leu

Asn

Tyr

Gly

Ala

670

Lys

His

Gly

495

Leu

Leu

Arg

Ile

Ile

575

Leu

Ser

Asn

Glu

Arg

655

Asp

His

Gln

15

PCT/US02/18263

Glu

Thr

Ile

Gln

Arg

560

vVal

Arg

.Gly

Pro

Sexr

640

Thr

Arg

Lys

Leu

Leu Ala Gln Tyr His Asn Val Ser Val Asn Pro Glu Glu Ile Lys His

20

25

30
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Arg

Ala

Asp

Gly

Leu

Glu

Ser

Pro

145

Ser

vVal

val

Ser

vVal

225

Ser

Glu

Val

Tyr

Ala

305

Asp

Phe

Ala

50

Arg

Arg

Ile

Phe

Ser

130

Ala

val

val

Ile

Gly

210

Glu

Tyr

Leu

Leu

Ser

290

Ala

Lys

Asp

35

Lys

Leu

His

Phe

Glu
115

val

Ile

Phe

Met

Thr

195

Leu

Leu

Phe

Asp

Asp

275

Pro

Trp

Phe

Thr

Ser

Asn

Phe

Asp

100

Ala

Ala

Ile

Leu

Asp

180

val

Arg

Gly

Glu

Gln

260

Leu

Lys

Ser

Ser

Asp

Leu

Phe

Ile

85

Leu

Leu

Gly

Lys

Gln

165

Lys

Ala

Thr

Ala

Ser

245

Ile

Leu

Leu

vVal

Arg
325

Gly

Glu

Ile

70

Leu

Glu

Tyr

Lys

Tyr

150

Leu

Val

Leu

Tyr

Lys

230

Arg

Arg

Phe

Thr

Phe

310

Asn

Thr

Leu

55

Ser

Thr

Gln

Gln

Leu

135

Arg

Phe

Leu

Ser

Ile

215

Leu

Arg

Asn-

Ser

Leu

295

Ile

Ala

Gly

40

Lys

Leu

Lys

Arg

Gly

120

Ala

Arg

Ala

val

Val

200

Phe

Phe

val

Phe

Phe

280

val

Ser

Asp

Leu

Val

Pro

Val

Asn

105

His

Lys

Ile

Leu

His

185

val

Ala

Arg

Gly

Leu

265

Ile

Ile

Pro

Asn

29

Gly

Lys

Ala

Ser

90

Pro

Ile

Phe
Phe
Ile
170
Arg
val
His
His
Asp
250
Thr
Phe
Leu

Ile

Gln
330

Leu
Gln
Leu

75
Lys
Arg
Ile
Asp
Ile
155
Thr
Gly
val
Sexr
Leu
235
Thr
Gly
Phe
Phe
Leu

318

Ser

Thr

Val

60

Val

Glu

val

Leu

Phe

140

Glu

Pro

Phe

Phe

Thr

220

Leu

val

Gln

Ala

Ser

300

Arg

Phe

Ser

45

Lys

Trp

Ala

Leu

Ile

125

Thr

Thr I

Leu

Ser

Glu

205

Ser

Ala

Ala

Ala

val

285

Leu

Arg

Leu

Trp

Lys

Arg

Asn

Glu

110

Ala

Trp

Phe

Thr

190

Ile

Arg

Leu

Arg

Leu

270

Met

Pro

Arg

val

Leu

Thr

Glu

Arg

Gln

Ser

Phe

val

Phe

175

Leu

Ile

Ile

Pro

val

255

Thr

Trp

Cys

Leu

Glu
335
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Leu
Ile
Asp
80
Tyr
Ser
Arg
Ile
Val
160
Gln
Asn
Leu
Asp
Ile
240
Arg
Ser
Tyx
Tyr
Asp

320

Ser
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Val

Thr

Ala

Thr Asn Ile

Lys

Gln

385

Ile

Ala

Asp

Asn

Asn

465

Ser

vVal

Lys

Asp

val

545

Asp

Tyr

Glu

Gly

Lys
625

Val
370
Lys
Ser
Gly
Phe
Ser
450
Gly
Pro
Ile
Leu
Gly
530
Gly
Asn
Ala
Gly
Gln

610

Ile

355

Thr

Thr

Gly

Gln

Gln

435

Pro

Asp

val

Gly

Ile

515

His

Val

Ile

Ala

Tyr

595

Arg

Leu

Ile

340

Trp

val

Val

Asp

Ile

420

Gln

Thr

Ile

Ile

Ile

500

Gln

Asp

val

Ser

Lys

580

Asn

Gln

Ile

Asn

Asp

Leu

Met

Leu

405

Val

val

Glu

Thr

Leu

485

val

Arg

Leu

Leu

Leu

565

Leu

Thr

Arg

Phe

Thr

Lys

Ala

Ile

390

Ser

Ala

Gly

Ser

Phe

470

Asp

Gly

Phe

Ala

Gln

550

Ala

Ala

Ile

Ile

Asp
630

Ile

Gln

Thr

375

Ile

Ile

Pro

Ile

Tyr

455

Arg

Asn

Arg

Tyr

Leu

535

Asp

Asn

Gly

val

Ala

615

Glu

Lys

Leu

360

Ile

Asn

Gly

val

Ser

440

His

Asn

Ile

Ser

Ile

520

Ala

Asn

Pro

Ala

Gly

600

Ile

Ala

Ala

345

Ala

Gly

Leu

Gln

Ile

425

Val

Gly

Ile

Asn

Gly

505

Pro

Asp

Val

Gly

His

585

Glu

Ala

Thr

30

Met

Gly

Gln

Trp

Leu

410

Arg

Thr

Lys

Arg

Leu

490

Ser

Glu

Pro

Leu

Met

570

Asp

Gln

Arg

Ser

Ala

Tyr

Gln

Leu

395

Ile

Leu

Arg

Leu

Phe

475

Ser

Gly

Asn

Asn

Leu

555

Ser

Phe

Gly

Ala

Ala
635

Val

val

Gly

380

Gly

Ala

Ala

Leu

Ala

460

Arg

Ile

Lys

Gly

Trp

540

Asn

val

Ile

Ala

Leu

620

Leu

Ser

Ala

365

Ile

Ala

Phe

Gln

Gly

445

Leu

Tyr

Lys

Ser

Gln

525

Leu

Arg

Glu

Ser

Gly

605

vVal

Asp

Pro

350

Ala

Gln

His

Asn

Ile

430

Asp

Pro

Lys

Gln

Thr

510

Val

Arg

Ser

Lys

Glu

590

Leu

Asn

Tyr

Gln

Gly

Leu

Leu

Met

415

Trp

Val

Glu

Pro

Gly

495

Leu

Leu

Arg

Ile

val

575

Leu

Ser

Asn

Glu
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Met

Phe

Ile

vVal

400

Leu

Gln

Leu

Ile

Asp

480

Glu

Thr

Ile

Gln

Ile

560

Ile

Arg

Gly

Pro

Ser
640
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Glu His Ile Ile Met Arg Asn Met His Lys Ile Cys Lys Gly Arg Thr
645 650 655

Val Ile Ile Ile Ala His Arg Leu Ser Thr Val Lys Asn Ala Asp Arg
660 665 670

Ile Ile Val Met Glu Lys Gly Lys Ile Val Glu Gln Gly Lys His Lys
675 680 685

Glu Leu Leu Ser Glu Pro Glu Ser Leu Tyr Ser Tyr Leu Tyr Gln Leu
690 695 700

Gln Ser Asp
705

<210> 22

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 22
aatgacgata tctttgttgg tcaaggtaaa 30

<210> 23

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<220>
<221> modified_base
<222> (18)

<223> a, t, ¢, g, other or unknown

<400> 23
aayaaagart trgargcnga r ‘ 21

<210> 24

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<220>

<221> modified_base

<222s (6)

<223> a, t, ¢, g, other or unknown
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<400> 24 R
ccytencere trtgraadat rterttraat tt

<210> 25

<211> 27

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<220>
<221> modified base
<222> (15)

<223> a, t, ¢, g, other or unknown

<220>
<221> modified_base
<222> (18) °

<223> a, t, c, g, other or unknown

<220>
<221> modified_base
<222> (24)

<223> a, t, c, g, other or unknown

<400> 25
athgaytgga thgcncentt yggngay

<210> 26

<211l> 26

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 26
actttatcca tcacracttg raaraa

<210> 27

<21l1l> 35

<212> DNA .
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 27
gatcatatgt ccaatataaa tgtaattaaa tctaa

<210> 28
<211l> 30

Primer

Primer

Primer

PCT/US02/18263

32

27

26

35
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<212>

33

DNA .

<213> Artificial Sequence

<220>
<223>

<400>

Description of Artificial Sequence:

28

atcactagtt ccataatcta taaccaatga

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

<220>
<223>

<220>
<221>
<222>

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

29

S

PRT

Artificial Sequence

Description of Artificial Sequence:

seguence

MOD_RES
(1)..(2)
Any amino acid

MOD_RES
(5)
Any amino acid

MOD_RES
(7)
N or D

MOD_RES
(9)
Any amino acid

29

Xaa Xaa Gly Gly Xaa Gly Xaa Asp Xaa

1

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

<220>
<221>
<222>

<400>

5

30

2215

DNA

Moraxella bovis

CDs
(1)..(2211)

30

Primer

consensus

PCT/US02/18263

30

atg ggt ggt gat act tct tta att aga ctt aat tta caa acc ctt aat 48
Met Gly Gly Asp Thr Ser Leu Ile Arg Leu Asn Leu Gln Thr Leu Asn

1

5 10
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agt aat tta gtt atg ata gat tat gct caa caa cct gct cta tct gct 96
Ser Asn Leu Val Met Ile Asp Tyr Ala Gln Gln Pro Ala Leu Ser Ala
20 25 30

ctg gtt atc ctt gcc aaa tac tat ggt att tct gca agt cca geca gac 144
Leu Val Ile Leu Ala Lys Tyr Tyr Gly Ile Ser Ala Ser Pro Ala Asp
35 40 45

att atg cat cag ttt tct gat aat aca aaa gga gac ctg aat gaa att 192
Ile Met His Gln Phe Ser Asp Asn Thr Lys Gly Asp Leu Asn Glu Ile
50 55. 60

gaa tgg atg ttg gca gca dag aaa tta gaa tta aag gta aag att ata 240
Glu Trp Met Leu Ala Ala Lys Lys Leu Glu Leu Lys Val Lys Ile Ile
65 70 75 80

aaa cag cct tta act cga ttg tca atg ata aca ctt cct gect ttg gtg 288
Lys Gln Pro Leu Thr Arg Leu Ser Met Ile Thr Leu Pro Ala Leu Vval
85 90 95

tgg tgt gat aat aag ccc gat tta gat caa aat tta aac tct cat ttt 336
Trp Cys Asp Asn Lys Pro Asp Leu Asp Gln Asn Leu Asn Ser His Phe
100 108 110

ata cta act aaa att gat 999 gtg gga tct gect geca aaa tat ctc atc 384
Ile Leu Thr Lys Ile Asp Gly Val Gly Ser Ala Ala Lys Tyr Leu Ile
115 120 125

tac gat ttg att gag aat C€gt ccc ata ata tta gat gca agt gag ttt 432
Tyr Asp Leu Ile Glu Asn Arg Pro Ile Ile Leu Asp Ala Ser Glu Phe
130 135 140

tct gaa aga tat tct ggt aag tta atg cta gta act tcc cgt geg tca 480
Ser Glu Arg Tyr Ser Gly Lys Leu Met Leu Val Thr Ser Arg Ala Ser
145 150 155 160

ata ttg ggt tca ttg gect aaa ttt gat ttt act tgg ttt att cct gcg 528
Ile Leu Gly Ser Leu Ala Lys Phe Asp Phe Thr Trp Phe Ile Pro Ala
165 170 175

gta atc aaa tat cgt tat att ttt ttt gaa gtc atc gtt att tca gtg 576
Val Ile Lys Tyr Arg Tyr Ile Phe Phe Glu Val Ile Val Ile Ser val
180 185 190

gtg cta cag att ttt gect ctg att acg cca ttg ttt ttt cag gtt gtg 624
Val Leu Gln Ile Phe Ala Leu Ile Thr Pro Leu Phe Phe Gln Vval Vval
195 200 205

atg gat aag gta ttg gtg cat egt ggt ttt tct act ctg gat gtg gta 672
Met Asp Lys Val Leu Val His Arg Gly Phe Ser Thr Leu Asp Val Vval
210 215 220

gcg att gcc ttg ttg gta gta agt tta ttt gaa gtc att tta agt ggt 720
Ala Ile Ala Leu Leu Val Val Ser Leu Phe Glu Val Ile Leu Ser Gly
225 230 235 240
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cta cgc act tat att ttt gct cat aca acc tet cga att gat gta gag 768
Leu Arg Thr Tyr Ile Phe Ala His Thr Thr Ser Arg Ile Asp Val Glu
245 250 255

cta gga gca cga tta ttt cgt cat cta tta gct cta cecg ctt gect tat 816
Leu Gly Ala Arg Leu Phe Arg His Leu Leu Ala Leu Pro Leu Ala Ty
260 265 270

ttt gag agt aga aga gta ggc gat aca gtt gca cgt ata cgt gaa ttg 864
Phe Glu Ser Arg Arg Val Gly Asp Thr Val Ala Arg Ile Arg Glu Leu
275 280 285

gaa cat atc cgc aat ttc tta act ggt caa gct ctc act tca gtt tta 912
Glu His Ile Arg Asn Phe Leu Thr Gly Gln Ala Leu Thr Ser Val Leu
290 295 300

gat ttg gtg ttt tct ttt ata ttc ttg ttt gta atg tgg tat tac agc 960
Asp Leu Val Phe Ser Phe Ile Phe Leu Phe Val Met Trp Tyr Tyr Ser
305 310 315 320

cct act tta aca ctg gta gtt ttg gca tca tta cca ata tat gecg ttt 1008
Pro Thr Leu Thr Leu Val Val Leu Ala Ser Leu Pro Ile Tyr Ala Phe
325 330 335

tgg tct gce ttt att agc cca att tta cgc act cga cta aat gat caa 1056
Trp Ser Ala Phe Ile Ser Pro Ile Leu Arg Thr Arg Leu Asn Asp Gln
340 345 350

ttt gca cgc aat gca gat aat caa tct ttt tta gtg gaa agt att act 1104
Phe Ala Arg Asn Ala Asp Asn Gln Ser Phe Leu Val Glu Ser Ile Thr
355 360 365

gcg gtt ggt acg gta aaa gca atg gca gtt gaa cct caa atg acc cgt 1152
Ala Val Gly Thr Val Lys Ala Met Ala Val Glu Pro Gln Met Thr Arg
370 375 380

cgc tgg gat aat caa tta gca gct tat gtg gtt tct agt ttt cgg gta 1200
Arg Trp Asp Asn Gln Leu Ala Ala Tyr Val Val Ser Ser Phe Arg Val
385 390 395 400

gct aag ttg gca atg gtt ggg cag caa gga gta caa ctc att caa aag 1248
Ala Lys Leu Ala Met Val Gly Gln Gln Gly Val Gln Leu Ile Gln Lys
405 410 415

atg gtt att gtg gca act cta tgg att ggt gca aaa ttg gta att gaa 1296
Met Val Ile Val Ala Thr Leu Trp Ile Gly Ala Lys Leu Val Ile Glu
420 425 430

ggc aag cta tcg gta ggt caa tta ata gca ttt aat atg ctg gca ggt 1344
Gly Lys Leu Ser Val Gly Gln Leu Ile Ala Phe Asn Met Leu Ala Gly
43S 440 445

cag gtg gcc get cect gtt ate cge ctg geca cag cta tgg caa gat ttt 1392
Gln val Ala Ala Pro Val Ile Arg Leu Ala Gln Leu Trp Gln Asp Phe
450 455 460
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cag caa gta ggt att tca gtg gecg aga ttg ggt gat att tta aat act 1440
Gln Gln Val Gly Ile Ser Val Ala Arg Leu Gly Asp Ile Leu Asn Thr
465 470 475 480

cca act gag cat tct aca tct cge tta act tta cct gat att aag ggt 1488
Pro Thr Glu His Ser Thr Ser Arg Leu Thr Leu Pro Asp Ile Lys Gly
485 490 495

gat att aca ttt gaa aat gtt gat ttt cgc tac aaa ata gat ggg cat 1536
Asp Ile Thr Phe Glu Asn Val Asp Phe Arg Tyr Lys Ile Asp Gly His
500 505 510

tta ata tta cag aat tta aat tta cag att aac gct gga gag ata cta 1584
Leu Ile Leu Gln Asn Leu Asn Leu Gln Ile Asn Ala Gly Glu Ile Leu
515 520 525

ggt atc gta gga cgc tct ggt tca ggt aaa tca aca ttg aca aaa tta 1632
Gly Ile Val Gly Arg Ser Gly Ser Gly Lys Ser Thr Leu Thr Lys Leu
530 ) 535 540

gta cag cgt tta tat gta cca gaa aat ggg cga ata tta gtt gat gga 1680
Val Gln Arg Leu Tyr Val Pro Glu Asn Gly Arg Ile Leu Val Asp Gly
545 550 555 560

aac gat ttg gca tta gct gat cecc get tgg ctg cgt cgc caa gtg ggt 1728
Asn Asp Leu Ala Leu Ala Asp Pro Ala Trp Leu Arg Arg Gln Val Gly
565 570 575

gtt gtt ttg cag gaa aat gtg tta ctc aat cgt agt att cga gat aat 1776
Val Val Leu Gln Glu Asn Val Leu Leu Asn Arg Ser Ile Arg Asp Asn
580 585 590

att gcc cta act gat acg ggc atg tea tta gag ttt att atc cag gct 1824
Ile Ala Leu Thr Asp Thr Gly Met Ser Leu Glu Phe Ile Ile Gln Ala
595 600 605

gcc aag atg tct ggg gca cat gac ttt att atg gaa ttg cct gag ggt 1872
Ala Lys Met Ser Gly Ala His Asp Phe Ile Met Glu Leu Pro Glu Gly
610 615 620

tat gat acg att gtt gga gag caa ggt gca ggc ttg tca ggt gga caa 1920
Tyr Asp Thr Ile Val Gly Glu Gln Gly Ala Gly Leu Ser Gly Gly Gln
625 630 635 640

Cgc cag cgt atc gct att gcg cgt gct tta att acc aat ccg cgt att 1968
Arg Gln Arg Ile Ala Ile Ala Arg Ala Leu Ile Thr Asn Pro Arg Ile
645 650 655

ttg att ttt gat gaa gct act agt gca tta gac tat gag tcg gaa agg 2016
Leu Ile Phe Asp Glu Ala Thr Ser Ala Leu Asp Tyr Glu Ser Glu Arg
660 665 670

gct att atg caa aat atg cag gca att tgc caa ggt aga aca gtg ttg 2064
Ala Ile Met Gln Asn Met Gln Ala Ile Cys Gln Gly Arg Thr val Leu
675 680 685
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att att gca cat cgc tta tct acc gta aaa atg gca cat cgc att att 2112
Ile Ile Ala His Arg Leu Ser Thr Val Lys Met Ala His Arg Ile Ile
690 695 700

gca atg gac aag ggg aaa att gta gag caa ggc aca cat caa gaa ttg 2160
Ala Met Asp Lys Gly Lys Ile Val Glu Gln Gly Thr His Gln Glu Leu
705 710 715 720

ttg caa aaa gaa gat ggt tac tat cgt tat tta tat gat ttg cag aat 2208
Leu Gln Lys Glu Asp Gly Tyr Tyr Arg Tyr Leu Tyr Asp Leu Gln Asn
725 730 735

gga taaa 2215
Gly

<210> 31

<211l> 507

<212> DNA

<213> Moraxella bovis

<220>
<221> CDS
<222> (1)..(504)

<400> 31
atg acg aaa aag ttt gca gag cta ggt tta att gca tgg ctt tgg tct 48
Met Thr Lys.Lys Phe Ala Glu Leu Gly Leu Ile Ala Trp Leu Trp Ser

1 5 10 15

aac tct gat atg cat aaa cat tgg acg ttg tct ttg ttt gcg acc aat 96
Asn Ser Asp Met His Lys His Trp Thr Leu Ser Leu Phe Ala Thr Asn
20 25 30

gtt att ccg gca att gag aca ggt caa tat gtt ata ttg aaa aga gaa 144
Val Ile Pro Ala Ile Glu Thr Gly Gln Tyr Val Ile Leu Lys Arg Glu
35 40 45

gat atg cct gta gca tat tgt agt tgg gct aaa ctt agt tta gaa aac 192
Asp Met Pro Val Ala Tyr Cys Ser Trp Ala Lys Leu Ser Leu Glu Asn
50 55 60

gag gtt aaa tat att aac gat gtt act tct ctt aag tta gat gac tgg 240
Glu Val Lys Tyr Ile Asn Asp Val Thr Ser Leu Lys Leu Asp Asp Trp
65 70 75 80

cag tca ggt gac cga aac tgg ttt att gac tgg att gct cca ttt ggce 288
Gln Ser Gly Asp Arg Asn Trp Phe Ile Asp Trp Ile Ala Pro Phe Gly
85 90 95

gat agt ctt aca ctc aca aaa cac atg aga acg tta ttt tca gat gaa 336
Asp Ser Leu Thr Leu Thr Lys His Met Arg Thr Leu Phe Ser Asp Glu
100 105 110

Ltg ttt aga gcg att cgt gta gat gga aat tca tcg cat ggt aag ata 384
Leu Phe Arg Ala Ile Arg Val Asp Gly Asn Ser Ser His Gly Lys Ile
115 120 128



WO 02/102408 PCT/US02/18263

38

tct gaa ttt tat gga aag tct gtt gat tca aaa tta gcc tca aga ata 432
Ser Glu Phe Tyr Gly Lys Ser Val Asp Ser Lys Leu Ala Ser Arg Ile
130 135 140

ttt gca caa tat cac gaa gat ttg acg agc aaa ttg tca act cag aat 480
Phe Ala Gln Tyr His Glu Asp Leu Thr Ser Lys Leu Ser Thr Gln Asn

145 150 155 160
aat ttt att ata tct aaa gat aat taa 507
Asn Phe Ile Ile Ser Lys Asp Asn
165
<210> 32
<211l> 168
<212> PRT

<213> Moraxella bovis

<400> 32
Met Thr Lys Lys Phe Ala Glu Leu Gly Leu Ile Ala Trp Leu Trp Ser
1 5 10 15

Asn Ser Asp Met His Lys His Trp Thr Leu Ser Leu Phe Ala Thr Asn
20 25 30

Val Ile Pro Ala Ile Glu Thr Gly Gln Tyr Val Ile Leu Lys Arg Glu
35 40 45

Asp Met Pro Val Ala Tyr Cys Ser Trp Ala Lys Leu Ser Leu Glu Asn
50 55 60

Glu val Lys Tyr Ile Asn Asp Val Thr Ser Leu Lys Leu Asp Asp Trp
65 70 75 80

Gln Ser Gly Asp Arg Asn Trp Phe Ile Asp Trp Ile Ala Pro Phe Gly
85 90 95

Asp Ser Leu Thr Leu Thr Lys His Met Arg Thr Leu Phe Ser Asp Glu
100 105 110

Leu Phe Arg Ala Ile Arg Val Asp Gly Asn Ser Ser His Gly Lys Ile
115 120 125

Ser Glu Phe Tyr Gly Lys Ser Val Asp Ser Lys Leu Ala Ser Arg Ile
130 135 140

Phe Ala Gln Tyr His Glu Asp Leu Thr Ser Lys Leu Ser Thr Gln Asn
145 150 155 160

Asn Phe Ile Ile Ser Lys Asp Asn
165

<210> 33

<21l> 167

<212> PRT

<213> Pasteurella haemolytica



WO 02/102408

<400> 33

Met Asn Gln Ser

1

Met

Asn

Asn

Thr

65

Trp

Gly

Met

Lys

Lys

145

Glu

Asn

val

Gly

50

Glu

Gln

His

Ile

Ile

130

Arg

Phe

Ser

Ile

35

Ile

Val

Ser

Ser

Val

115

Ala

Phe

Asn

<210> 34
<211> 172
<212> PRT
<213> Actinobacillus pleuropneumoniae

<400> 34

Met Ser Lys

1

Ser

20

Pro

Pro

Lys

Gly

Gln

100

Arg

Tyxr

Asp

Phe

Lys

Tyr

Leu

Ala

Ile

Tyr

Asp

85

Leu

Ser

Phe

Thr

Ile
165

Ile
5

Phe

Ile

Ala

Ile

70

Arg

Leu

Ile

Lys

Tyr

150

Lys

Asn

Lys

Glu

Tyr

55

Lys

Arg

Tyr

Arg

Gly

135

Gln

Lys

Leu

Glu

Asn

40

Cys

Asp

Trp

Lys

Phe

120

Gly

Glu

39

Leu Gly Asn

Trp

25

Glu

Ser

Ile

Ile

Lys

105

Tyr

Lys

Glu

10

Ser

Gln

Trp

Asn

Ile

90

Met

Pro

Leu

Leu

Asn Gly Phe Glu Val

Leu Trp Ala Ser Ser Pro

Ala

Lys

Leu
65

Ile Asn

35

Arg Asp

50

Glu Asn

20

val

Gly

Glu

Leu

Phe

Ile

Pro

Pro

Lys
70

10

Leu His Arg Lys

Ala

Ile
55

Tyr

Ile
40

Ala

25

Glu

Phe

Leu Asp

Ser

Cys

Asp

Cys

Tyr

Ala

Ser

75

Asp

Cys

Lys

Asp

Ala
155

Leu

Trp

Asn

Ser

val
75

Ile

Glu

Met

Asp

60

Leu

Trp

Gln

Gln

Lys

140

Thr

Gly

Pro

Gln

Trp

60

Ala

Thr

Leu

Leu

45

Leu

Thr

Val

Lys

Lys

125

Lys

Ala

Glu
Leu
Tyr

45

Ala

Ser

Trp

Leu

30

Leu

Asn

Pro

Ala

Tyr

110

Glu

Thr

Leu

Val

Ser

30

val

Asn

Leu

Leu

15

Ala

Ile

Leu

Glu

Pro

95

Pro

Leu

Ala

Lys

Ala

15

Leu

Leu

Leu

val

PCT/US02/18263

Trp

Arg

Asp

Glu

Glu

80

Phe

Asp

Gly

Lys

Asn
160

Trp

Leu

Leu

Asn

Ala
80
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Asp

Pro

Pro

Gly

Ser

145

Asn

Asp Trp Thr
Phe Gly Asp
100

Asn Glu Leu
115

Lys Ile Ser
130

Lys Ile Phe

Lys Gln Asn

<210> 35

<21ll> 170
<212> PRT
<213> Escherichia coli

<400> 35
Asn Arg Asn Asn Pro

Met

1

Trp

Ile

Arg

Glu

65

Asp

Phe

Asp

Lys

Lys

145

Lys

Ala Ser Ser
20

Asn Val Leu
35

Asp Asn Tyr
50

Asn Glu Ile
Trp Thr Ser
Gly Asp Asn

100

Glu Leu Phe
115

Val Ser Glu
130

Ile Phe Lys

Ser Asp Phe

Ser

85

Ser

Phe

Glu

Gln

Phe
165

5

Pro

Pro

Pro

Lys

Gly

85

Gly

Arg

Phe

Gln

Asn

165

Gly

Ala

Arg

Phe

Gln

150

Lys

Leu

Ala

Val

Tyr

70

Asp

Ala

Ala

His

Tyr

150

Phe

Asp

Ala

Ala

His

135

Tyr

Phe

Leu

His

Ile

Ala

55

Leu

Arg

Leu

Ile

Gly

135

His

Ser

Arg

Leu

Ile

120

Gly

His

Ser

Glu

Arg

Arg

40

Tyr

Asn

Lys

Tyr

Arg

120

Gly

His

Leu

Arg

TVE

105

Arg

Gly

Phe

Leu

Val

Asn

25

Ala

Cys

Asp

Trp

Lys

105

Val

Lys

Glu

Thr

40

Trp

90

Lys

Val

Lys

Glu

val
170

Leu

10

Trp

Asn

Ser

Val

Phe

90

Tyr

Asp

Ile

Leu

Gly
170

Phe

His

Asp

Ile

Leu

155

Asn

Gly

Pro

Gln

Trp

Thr

75

Ile

Met

Pro

Asp

Ile
155

Ile

Met

Pro

Asp

140

Met

Ser

His

val

Tyr

Ala

60

Ser

Val

Axrg

Lys

Lys

140

Thr

Asp
Arg
Asp
125

Lys

Ser

val

Ser

Ala

45

Asn

Leu

Trp

Lys

Thr

125

Gln

Glu

Trp

Asp

110

Ser

Lys

Glu

Ser

Leu

30

Leu

Leu

Val

Ile

Lys

110

His

Leu

val

Ile

95

Asn

Arg

Leu

Leu

Trp

15

Phe

Leu

Ser

Ala

Ala

95

Phe

val

Ala

Lys

PCT/US02/18263

Ala'
Phe
Val
Ala

Lys
160

Leu
Ala
Thr
Leu
Glu

80
Pro
Pro
Gly

Asn

Asn
160
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<210> 36

<211> 1428

<212> DNA

<213> Moraxella bovis

<220>
<221> CDS
<222> (1)..(1425)

<400> 36
atg ttt ata caa gca ctt aaa gat ttt ttt att cgce tat ata acc gtt 48
Met Phe Ile Gln Ala Leu Lys Asp Phe Phe Ile Arg Tyr Ile Thr val

1 S 10 15

£gg cgc aat aca tgg gca gtt cga gac caa cta acc cct cct aag cgt 96
Trp Arg Asn Thr Trp Ala Val Arg Asp Gln Leu Thr Pro Pro Lys Arg
20 25 30

act aaa gaa'gaa ctc get ttt ctt cct gca cat cta gaa ctc act gac 144
Thr Lys Glu Glu Leu Ala Phe Leu Pro Ala His Leu Glu Leu Thr Asp
35 4Q 45

aca cct gta tcc aga tct tct aag tgg aca gct aga ata atc atg ata 192
Thr Pro Val Ser Arg Ser Ser Lys Trp Thr Ala Arg Ile Ile Met Ile
50 55 60

Lttt gtc cta ttt get ttg cta tgg tct tgg gtt gga cag att gac att 240
Phe Val Leu Phe Ala Leu Leu Trp Ser Trp Val Gly Gln Ile Asp Ile
65 70 75 80

gtt gct aca gct tca ggt aaa att tct tca ggt agc cgt agc aag act 288
Val Ala Thr Ala Ser Gly Lys Ile Ser Ser Gly Ser Arg Ser Lys Thr
85 S0 95

att caa tet ttg gaa aca gcg ata gtt aaa gca gtt tat gta cgt gat 336
Ile Gln Ser Leu Glu Thr Ala Ile Val Lys Ala Val Tyr Val Arg Asp
100 105 110

ggt caa aat gtt caa caa ggt gaa ata tta gta gat tta gtg gga atc 384
Gly Gln Asn Val Gln Gln Gly Glu Ile Leu Val Asp Leu Val Gly Ile
115 120 125

ggt tca gat agt gat gtt gct cag tcc gag aaa gcc ctt cga gca gcg 432
Gly Ser Asp Ser Asp Val Ala Gln Ser Glu Lys Ala Leu Arg Ala Ala
130 135 140

caa tta tct aag cta cgc ctt gaa gca att tta tca gca tta aat cac 480
Gln Leu Ser Lys Leu Arg Leu Glu Ala Ile Leu Ser Ala Leu Asn His
145 150 155 160

cgt att aat cct cag att gat gta gca tat gca aag tect tta aat att 528
Arg Ile Asn Pro Gln Ile Asp Val Ala Tyr Ala Lys Ser Leu Asn Ile
165 170 175

tca gaa tcg gaa att aat gaa gct caa act tta gcc caa aat caa tat 576
Ser Glu Ser Glu Ile Asn Glu Ala Gln Thr Leu Ala Gln Asn Gln Tyr
180 185 180
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Ccaa gca tgg tta gca caa gat gaa caa cta aaa tta acc tta aaa gga 624
Gln Ala Trp Leu Ala Gln Asp Glu Gln Leu Lys Leu Thr Leu Lys Gly
195 200 205

cat caa gca gaa tta caa tct gct cga tcc caa gaa caa aag ttg gtt 672
His Gln Ala Glu Leu Gln Ser Ala Arg Ser Gln Glu Gln Lys Leu Val
210 215 220

tca gtt ggt gca att gaa cat caa aag act gat gat tat cgg agt ctc 720
Ser Val Gly Ala Ile Glu His Gln Lys Thr Asp Asp Tyr Arg Ser Leu
225 © 230 235 240

aaa gca gaa aat ttt ata tct gag cat gct tat cta gaa caa gaa agc 768
Lys Ala Glu Asn Phe Ile Ser Glu His Ala Tyr Leu Glu Gln Glu Ser
245 250 255

aaa tta ctt agc aat caa aat gat tta caa agt aca cgt agt cag att 816
Lys Leu Leu Ser Asn Gln Asn Asp Leu Gln Ser Thr Arg Ser Gln Ile
260 265 270

caa aaa ata cag gct gca atc atg caa gct gaa cag aac cgt atg tta 864
Gln Lys Ile Gln Ala Ala Ile Met Gln Ala Glu Gln Asn Arg Met Leu
275 280 285

tat act caa aat cta aaa cgt gat aca tta gaa tct tta cgc caa acc 912
Tyr Thr Gln Asn Leu Lys Arg Asp Thr Leu Glu Ser Leu Arg Gln Thr
290 295 300

aat gaa cag att aat caa tat act ggt caa act aat aaa gct aag cag 960
Asn Glu Gln Ile Asn Gln Tyr Thr Gly Gln Thr Asn Lys Ala Lys Gln
305 310 315 320

cga cag aaa ttg ctg agt att aaa tca cct gtt aat ggt act ata caa 1008
Arg Gln Lys Leu Leu Ser Ile Lys Ser Pro Val Asn Gly Thr Ile Gln
325 330 335

gag cta aca gct tat act tta ggt gga gtt gta caa gca gca caa aaa 1056
Glu Leu Thr Ala Tyr Thr Leu Gly Gly Val Val Gln Ala Ala Gln Lys
340 345 350

att atg gtt gtg gca cct aac gat aat caa gtg gaa gta gag gta tta 1104
Ile Met Val Val Ala Pro Asn Asp Asn Gln Val Glu Val Glu Val Leu
355 360 365

gtg cta aat aaa gat atc ggc ttt gta aaa gct ggg cag aat gtt atc 1152
Val Leu Asn Lys Asp Ile Gly Phe Val Lys Ala Gly Gln Asn Val Ile
370 375 380

atc aaa atc gag agt ttt cct tat aca cgt tat ggt tat tta aca ggt 1200
Ile Lys Ile Glu Ser Phe Pro Tyr Thr Arg Tyr Gly Tyr Leu Thr Gly
385 390 395 400

aaa ata aaa agt att agt cat gat gct ata gaa cat caa cat tta ggt 1248
Lys Ile Lys Ser Ile Ser His Asp Ala Ile Glu His Gln His Leu Gly
405 410 415
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cta gtg tat act gca ctt gtt tct ctt gat aaa agc aca tta aat ata 1296
Leu Val Tyr Thr Ala Leu Val Ser Leu Asp Lys Ser Thr Leu Asn Ile
420 425 430

gat gga gta aca atc aac tta acg cca gga atg aat gtt act gct gaa 1344
Asp Gly Val Thr Ile Asn Leu Thr Pro Gly Met Asn Val Thr Ala Glu
435 440 445

att aaa aca ggt aaa cgt cgt gtt ttg gat tat ata tta agt cca ttg 1392
Ile Lys Thr Gly Lys Arg Arg Val Leu Asp Tyr Ile Leu Ser Pro Leu

450 455 460
cag aca aaa gtt gat gaa agt ttt cga gaa cgc taa 1428
Gln Thr Lys Val Asp Glu Ser Phe Arg Glu Arg
465 470 475
<210> 37
<21l> 475
<212> PRT

<213> Moraxella bovis

<400> 37
Met Phe Ile Gln Ala Leu Lys Asp Phe Phe Ile Arg Tyr Ile Thr Val
1 5 10 15

Trp Arg Asn Thr Trp Ala Val Arg Asp Gln Leu Thr Pro Pro Lys Arg
20 25 30

Thr Lys Glu Glu Leu Ala Phe Leu Pro Ala His Leu Glu Leu Thr Asp
35 40 45

Thr Pro Val Ser Arg Ser Ser Lys Trp Thr Ala Arg Ile Ile Met Ile
50 55 60

Phe Val Leu Phe Ala Leu Leu Trp Ser Trp Val Gly Gln Ile Asp Ile
65 70 75 80

Val Ala Thr Ala Ser Gly Lys Ile Ser Ser Gly Ser Arg Ser Lys Thr
85 90 95

Ile Gln Ser Leu Glu Thr Ala Ile Val Lys Ala Val Tyr Val Arg Asp
100 105 110

Gly Gln Asn Val Gln Gln Gly Glu Ile Leu Val Asp Leu Val Gly Ile
115 120 125

Gly Ser Asp Ser Asp Val Ala Gln Ser Glu Lys Ala Leu Arg Ala Ala
130 135 140

Gln Leu Ser Lys Leu Arg Leu Glu Ala Ile Leu Ser Ala Leu Asn His
145 150 155 160

Arg Ile Asn Pro Gln Ile Asp Val Ala Tyr Ala Lys Ser Leu Asn Ile
165 170 175

Ser Glu Ser Glu Ile Asn Glu Ala Gln Thr Leu Ala Gln Asn Gln Tyr
180 185 190
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Gln

His

Ser

225

Lys

Lys

Gln

Tyr

Asn

305

Arg

Glu

Ile

Val

Ile

385

Lys

Leu

Asp

Ile

Gln
465

Ala

Gln

210

val

Ala

Leu

Lys

Thr

290

Glu

Gln

Leu

Met

Leu

370

Lys

Ile

Val

Gly

Lys

450

Thr

Trp

195

Ala

Gly

Glu

Leu

Ile
275

Gln

Gln

Lys

Thr

Val

355

Asn

Ile

Lys

Tyr

val

435

Thr

Lys

Leu

Glu

Ala

Asn

Ser

260

Gln

Asn

Ile

Leu

Ala

340

val

Lys

Glu

Ser

Thr

420

Thr

Gly

val

Ala

Leu

Ile

Phe

245

Asn

Ala

Leu

Asn

Leu

325

Tyr

Ala

Asp

Ser

Ile

405

Ala

Ile

Lys

Asp

Gln
Gln
Glu
230
Ile
Gln
Ala
Lys
Gln
310
Ser
Thr
Pro
Ile
Phe
390
Ser
Leu
Asn

Arg

Glu
470

Asp
Ser
215
His
Ser
Asn
Ile
Arg
295
Tyr
Ile
Leu
Asn
Gly
375
Pro
His
Val
Leu
Arg

455

Ser

Glu
200
Ala
Gln
Glu
Asp
Met
280

Asp

Thr

Asp
360
Phe
Tyr
Asp
Ser
Thr
440

Val

Phe

Gln

Arg

Lys

His

Leu

265

Gln

Thr

Gly

Ser

Cly

345

Asn

Val

Thr

Ala

Leu

425

Pro

Leu

Arg

44

Leu

Ser

Thr

Ala

250

Gln

Ala

Leu

Gln

Pro

330

vVal

Gln

Lys

Arg

Ile

410

Asp

Gly

Asp

Glu

Lys
Gln
Asp
235
Tyr
Ser
Glu
Glu
Thr
315
val
Val
val
Ala
Tyr
395
Glu
Lys
Met

Ty

Arg
475

Leu
Glu
220
Asp
Leu
Thr
Gln
Ser
300
Asn
Asn
Gln
Glu
Gly
380
Gly
His
Ser

Asn

Ile
460

Thr
205
Gln
Tyr
Glu
Arg
Asn
285
Leu
Lys
Gly
Ala
vVal
365
Gln
Tyr
Gln
Thr
Val

445

Leu

Leu

Lys

Arg

Gln

Ser

270

Arg

Arg

Ala

Thr

Ala

350

Glu

Asn

Leu

His

Leu

430

Thr

Ser

Lys

Leu

Ser

Glu

255

Gln

Met

Gln

Lys

Ile

335

Gln

Val

val

Thr

Leu

415

Asn

Ala

Pro

PCT/US02/18263

Gly

Val

Leu

240

Serx

Ile

Leu

Thr

Gln

320

Gln

Lys

Leu

Ile

Gly

400

Gly

Ile

Glu

Leu
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<210> 38

<211> 478
<212> PRT
<213> Pasteurella haemolytica

<400> 38

Met Lys Ile Trp Leu

1

Asn Ile
Asn Arg
Ile Glu

50

Met Leu
65

Glu Ile

Lys Glu

Lys Asp

Ala Leu
130

Leu Ala
145

Glu Lys

Asp Ser
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