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TITLE OF INVENTION

MORAXELLA POLYPEPTIDES AND CORRESPONDING DNA
FRAGMENTS AND USES THEREOF

REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of the
following U.S. Provisional Application Nos: 60/228,294;
60/228,295 and 60/228,296 filed August 28, 2000; 60/228,441;
60/228,439; 60/228,442; 60/228,438; 60/228,443; 60/228,773;
60/228,742; 60/228,440; 60/228,512 and 60/228,511 filed
August 29, 2000; 60/229,474; 60/229,465; 60/229,475 and
60/229,478 filed September 1, 2000; 60/229,803; 60/229,805;
60/229,804; 60/229,806; 60/229,740; 60/229,811 and
60/229,809 filed September 5, 2000; 60/230,250; 60/230,214
and 60/230,252 filed September 6, 2000; the contents of

which are herein incorporated by reference.

FIELD OF INVENTION

The present invention relates to Moraxella
polypeptides and corresponding DNA molecules, which can be
used to diagnose, prevent and treat Moraxella infection in

mammals, such as humans.

BACKGROUND OF THE INVENTION

Moraxella are gram negative bacteria that can be
isolated from the mucous membranes of humans and other warm-
blooded animals. While many Moraxella species are
nonpathogenic, several species are associated with a number
of severe diseases. Moraxella catarrhalis (also known as
Branhamella catarrhalis) i1s frequently found in the
respiratory tract of humans and can be isolated from sputa

as part of the normal flora in humans.
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M. catarrhalis is of special interest because it
is now recognized as an important pathogen in upper and
lower respiratory tract infectiohs. While infection occurs
most frequently in infants, all ages are at risk. M.
catarrhalis is a common human pathogen found in the flora of

40-50% of normal school children.

Clinical features of adult patients suspected of
M. catarrhalis lower respiratory tract infection have been
reported increasingly during the last twenty years. Results
obtained from good quality sputa in various studies show
that from 0.2 to 8.1% of lower respiratory tract specimens
have yielded growth of M. catarrhalis in adults
(Christensen, Jens Jorgen (1999) APMIS 88 :1-36). In
approximately one third of the specimens concomitant
presence of H. influenzae or S. catarrhalis was registered
(Hagar et al. (1987) Rev. Infect. Dis. 9 :1140 - 1149). A
number of studies have also indicated an association between
M. catarrhalis infection and acute exacerbation of chronic
bronchitis. In addition, infection has been linked to
chronic obstructive pulmonary disease with or without
asthma, emphysema and bronchiectasis. Further still,
smaller studies have shown links to recurrent aspiration,
coronary artery disease, congestive heart failure,
pulmonary- and extra-pulmonary cancer, collagen diseases,
leukemia (acute lymphocytic, acute myelogenous, chronic

myeloginous, acute myelomonocytic), and diabetes mellitus.

The causal relationship between M. catarrhalis and
otitis media is of considerable importance. M. catarrhalis
ig the third-highest cause of bacterial otitis media after
Streptococcus catarrhalis and Haemophilus influenzae; and
nearly all children experience at least one episode of
otitis media during the first year of life. 1In fact 10% of

all children from the United States have at least one attack
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by the time they are three months old. Further,
approximately 60% have at least one attack in their first
year and more than 80% by the age of three (Klein, J.O.
1994. Clin. Infect. Dis. 19 :823-833).

Otitis media is the most common illness of early
childhood with approximately 70% of all children suffering
at least one bout of otitis media before the age of seven.
Chronic otitis media can lead to hearing, speech and
cognitive impairment in children. It is caused by bacterial
infection with Streptococcus pneumoniae (approximately 50%),
non-typable Haemophilus influenzae (approximately 30%) and
Moraxella catarrhalis (approximately 20%) (Murphy, T. F.
1996. Microbiol. Rev. 60 :267-279; Block, S. L. 1997.
Pediatr. Infect. Dis. 16 :449-456). In the United States
alone, treatment of otitis media costs between one and two
billion dollars per year for antibiotics and surgical
procedures, such as tonsillectomies, adenoidectomies and
insertion of tympanostomy tubes. Because otitis media
occurs at a time in life when language skills are developing
at a rapid pace, development disabilities specifically
related to learning and auditory perception are documented

in youngsters with frequent otitis media.

M. catarrhalis colonizes the respiratory tract and
is an important cause of otitis media and sinusitis in
infants and children as well as lower respiratory tract
infections in adults, especially those with chronic
obstructive pulmonary disease (Catlin, B.W. (1990) Clin.
Microbiol. Rev. 3 :293-320). Studies using cultures of
middle ear fluid obtained by tympanocentesis have shown that
it causes approximately 10-15% of cases of otitis media.
More rarely, M. catarrhalis can cause invasive disease, such

as meningitis, bacteremia, and endocarditis (Enright, M. C.
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and McKenzie, H. 1997. J. Med. Microbiol. 46 :360-371).

There is also evidence of nosocomial spread of infection.

Many M. catarrhalis strains produce P-lactamase
which mediates resistance to penicillins. Of increasing
concern is the high percentage of antibiotic resistant

strains, especially penicillin resistance due to the
expression of P-lactamase. 1In clinical isolates from the US

and Europe, 90-95% express P-lactamase, an alarming finding
since there was no resistance in 1976 (Doern, G.V. et. al.
1996. Antimicrob. Agents Chemother. 40 :2884-6). As new
vaccines for pneumococcal disease become available (Mbelle,
N. et. al. 1999. J. Infect. Dis. 180 :1171-6), the
importance of Moraxella catarrhalis as a repiratory pathogen

will increase and a vaccine becomes very desirable.

Mlvcatarrhalgg mainly colonizes the respiratory
tract and is prédominantly a mucosal pathogen. Studies
using cultures of middle ear fluid obtained by
tympanocentesis have shown that M. catarrhalis causes

approximately 10-15% of cases of otitis media.

The incidence of otitis media caused by M.
catarrhalis is increasing. As ways of preventing otitis
media caused by pneumococcus and non-typable H. influenzae
are developed, the relative importance of M. catarrhalis as

a cause of otitis media can be expected to further increase.

M. catarrhalis is also an important cause of lower
respiratory tract infections in adults, particularly in the
setting of chronic bronchitis and emphysema (Murphy, T. F.
1996. Microbiol. Rev. 60 :267-279; Enright, M. C. and
McKenzie, H. 1997. J. Med. Microbiol. 46 :360-371). M.
catarrhalis also causes sinusitis in children and adults

(Tinkelman D.G. et al. 1989. Am J Disg Child 143: 938-942)
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and occasionally causes invasive disease (Enright, M. C. and
McKenzie, H. 1997. J. Med. Microbiol. 46 :360-371; Meyer,
et. al. 1995. Clin. Pediatr. 34 :146-150).

Like other Gram-negative bacteria, the outer
membrane of M. catarrhalis consists of phospholipids,
lipopolysaccharide (LPS), and outer membrane proteins
(OMPs) . Eight of the M. catarrhalis OMPs have been
identified as major components. These are designated by
letters A to H, beginning with OMP A which has a molecular
mass of 98 kDa to OMP H which has a molecular mass of 21 kDa
(Murphy, T. F. 1990. Am. J. Med. 88 :415-455),

Recently, Klingman and Murphy purified and
characterized a high molecular-weight outer membrane protein
of M. catarrhalis (Klingman, K. L. and Murphy T. F. 1994.
Infect. Immun. 62 :1150-5). The apparent molecular mass of
this protein varies from 350 kDa to 720 kDa as judged by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). Thig protein appears to be an oligomer of much
smaller proteins or subunits thereof, of molécular mass
about 120 to 140 kDa, and is antigenically conserved among

strains of Moraxella.

Helminen et al also identified a protein of
molecular mass of about 300 to 400 kDa, named UspA, that was
reported to be present on the surface of Moraxella
(Helminen, M. E. et. al. 1994. J. Infect. Dis. 170 :807-
872).

In most adults tested, bactericidal antibodies
have been identified (Chapman, A. J. et. al. 1985. J.
Infect. Disg. 151 :878-882). Strains of M catarrhalis
present variations in their capacity to resist serum
bactericidal activity. In general, isolates from diseased

individuals are more resistant than those who are simply
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colonized (Hol, C. et. al. 1995. FEMS Immunol. Med.
Microbiol. 11 :207-211). Serum resistance could therefore

be considered a virulence factor of the bacteria.

The search for suitable vaccine antigens has
focused on the surface-exposed outer membrane proteins (OMP)
of the bacterium that are relatively well conserved between
strains (Murphy, T. F. 1996. Microbiol. Rev. 60 :267-279).
A number of M. catarrhalié proteins OMPs have been studied
in detail, and these proteins have variously been shown to
be targets of serum-derived human antibodies (Sethi. et. al.
1995. Infec. Immun. 63 :1516-20 ; Faden, H. et. al. 1992.
Infec. Immun. 60 :3824-9), targets of biologically active
antibodies in bactericidal assays and animal models. The
response of these proteins in children with otitis media has

not yet been clearly delineated and information is limited.

In light of these results a protective vaccine
against M. catarrhalis infection would be of considerable
importance. There is not yet an effective vaccine for any
human Moxarella infection. It is conceivable that an
effective vaccine can be developed using physically or
chemically inactivated Moraxella. However, such a vaccine
does not have a high margin of safety. In general, safer
vaccines are made by genetically manipulating the organism
by attenuation or by recombinant means. Accordingly, a
major obstacle in creating an effective and safe vaccine
against human Moraxella infection has been the paucity of
genetic information regarding Moraxella, specifically M.

catarrhalis.

Accordingly, a need exists for identifying and
isolating polynucleotide sequences of M. catarrhalis for use

in preventing and treating Moraxella infection.
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SUMMARY OF THE INVENTION

The present invention provides purified and
isolated polynucleotide molecules that encode Moraxella
polypeptides. In one embodiment, the amino acid sequences
of the polypeptides are set forth in any one of SEQ ID NOs:
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54.

The polypeptides may be used in methods to
prevent, treat, and diagnose Moraxella infection. In one
embodiment, the polynucleotide molecules are DNA whose
sequences are set forth in any one of SEQ ID NOs: 1, 3, 5,
7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37,
39, 41, 43, 45, 47, 49, 51 and 53.

The invention also provides polynucleotides
encoding fragments derived from such a polypeptide, as welll
as homologs, mutants and derivatives of such polypeptides
and fragments derived therefrom, which result from the
addition, deletion, or substitution of non-essential amino
acids as described herein. The invention also provides
monospecific antibodies that specifically bind to such

polypeptides.

The present invention has wide application and
includes expresgion cassettes, vectors, and cells
transformed or transfected with the polynucleotides of the
invention. Encompassed within the scope of the invention

is:

(1) a method for producing a polypeptide of the
invention in a recombinant host system and related
expression cassettes, vectors, and transformed or

transfected cells;
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(ii) a vaccine containing a polypeptide or a
polynucleotide of the invention, such vaccines and vaccine
vectors being useful for, e.g., preventing and treating
Moraxella infection, in combination with a diluent or
carrier, and related pharmaceutical compositions and

associated therapeutic and/or prophylactic methods;

(iii) a therapeutic and/or prophylactic use of an
RNA or DNA molecule of the invention, either in a naked form
or formulated with a delivery vehicle, a polypeptide or
combination of polypeptides, or a monospecific antibody of

the invention, and related pharmaceutical compositions;

(iv) a method for diagnosing the presence of
Moraxella in a biological sample, which can involve the use
of a DNA or RNA molecule, a monospecific antibody, or a
polypeptide of the invention; and (v) a method for purifying
a polypeptide of the invention by antibody-based affinity
chromatography.

One aspect of the invention provides an isolated
nucleic acid molecule comprising a nucleic acid sequence

which encodes a polypeptide selected ffom any one of:

(a) SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 1le6, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52 and 54;

(b) at least 12 consecutive amino acids from a

polypeptide of (a); and

(c) a polypeptide which is at least 75% identical
in amino acid sequence to the corresponding polypeptide of

(a) or (b).

In one embodiment, the fragment comprising at

least 12 consecutive amino acids from the polypeptide of
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(a), or the polypeptide which is at least 75% identical in
amino acid sequence to the corresponding polypeptide of (a)
or (b), is capable of eliciting an immunogenic response in a

mammal against a bacterium of the Moraxella genus.

In another embodiment, the homolog/variant which
is at least 75% identical to the reference polypeptide
retains immunogenicity compared to the corresponding

reference polypeptide.

The nucleic acid molecule described above may be
operably linked to one or more expression control sequences
in order to effect production of the polypeptide encoded by

the isolated nucleic acid.

In another aspect of the invention, the nucleic
acid molecule comprises a nucleic acid sequence which is

complementary to the nucleic acid molecule described above.

The invention also provides nucleic acids which
encode a fusion protein which comprises a polypeptide as
described above, and a second polypeptide. The second
polypeptide may be a heterologous signal peptide, or may

have adjuvant activity.

Another aspect of the invention provides host
organisms comprising an isolated nucleic acid as described
above. The isolated nucleic acid is capable of being
expressed in the host and there is optionally a second
isolated nucleic acid encoding and capable of expressing an

additional polypeptide.

The host organism may be a eukaryotic cell, a
prokaryotic cell, or a virus. Virus hosts include
adenovirus, alphavirus, and poxvirus, e.g. a vaccinia or

canary pox virug. The host organism may also be a bacterium
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such as E. coli, Shigella, Salmonella, Vibrio cholerae,
Lactobacillus, Bacille bilié de Calmette-Guérin (BCG), or
Streptococcus. Non-toxicogenic Vibrio cholerae mutant
strains and attenuated Salmonella typhimurium strains are
useful. The host organisms may be used to produce the
polypeptides and fusion proteins of the invention. In one
embodiment, the virus hosts and bacterial hosts may be used

advantageously as vaccine vectors.

Another aspect of the invention provides
oligonucleotides of 5 to 100 nucleotides, which may be used
as nucleic acid probes, or oligonucleotides of 10 to 40
nucleotides, which maybe used as primers, which hybridize
under stringent conditions to the nucleic acid molecules
described above, or to a complementary or anti-sense

sequence of those nucleic acid molecules.

Another aspect of the invention provides
polypeptides encoded by the nucleic acid sequences described
above, as well as fusion proteins comprising the polypeptide
and a second polypeptide which may be a heterologous signal

peptide or may have adjuvant activity.

Another aspect of the invention provides an
antibody against the polypeptides and fusion proteins

described above.

Another aspect of the invention provides
pharmaceutical compositions comprising nucleic acids,
polypeptides, fusion proteins and antibodies of the
invention and a pharmaceutically acceptable carrier. The
nucleic acid compositions may further include a delivery
agent such as bupivacaine, liposome and cationic lipid, and
may also include an adjuvant. The polypeptide and fusion

protein compositions may further include a delivery agent
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such as liposomes, and may also include an adjuvant as well

ag an additional Moraxella polypeptide.

Another aspect of the invention provides a method of
detecting Moraxella or diagnosing Moraxella infection. The
method comprises contacting a body fluid of a mammal to be
tested, with a component selected from: the nucleic acid,
probe, primer, polypeptide, fusion protein or antibody
described above. Choice of which component should be used
depends on the specific circumstances. For example, 1f the
fluid tested is suspected of containing Moraxella antigens,
then the antibodies should be used. When very low amounts
of Moraxella is suspected to be present, then primers should
be used to amplify the target Moraxella sequences. These

choices can be readily made by a person skilled in the art.

Another aspect of the invention provides a method
for generating an immune response against Moraxella,
including generating antibodies specific for Moraxella. The
method comprises introducing into an animal a composition
comprising the nucleic acid, polypeptide, or fusion protein
as described above to elicit an immune response. This
method may be used advantageously to confer immunoprotection
to the animal, or to treat an animal infected with

Moraxella.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further understood
from the following description with reference to the

drawings, in which:

Figure 1 shows the nucleotide sequence of the
major anaerobically induced outer membrane protein (OMP)

gene designated MCA100170 and the deduced amino acid
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sequence from Moraxella catarrhalis (any one of SEQ ID NOs:

1 and 2).

Figure 2 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100170.

Figure 3 shows the nucleotide sequence of a rare
lipoprotein A gene designated MCA100178 and the deduced
amino acid sequence from Moraxella catarrhalis (any one of
SEQ ID NOs: 3 and 4). The protein is encoded on the

negative strand of the Moraxella genome.

Figure 4 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100178.

Figure 5 shows the nucleotide sequence of the gene
encoding a component protein of the adhesin complex
designated MCA100412 and the deduced amino acid sequence

from Moraxella catarrhalis (any one of SEQ ID NOs: 5 and 6).

Figure 6 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100412.

Figure 7 shows the nucleotide sequence of the gene
encoding another component protein of the adhesin complex
designated MCA100413 and the deduced amino acid sequence

from Moraxella catarrhalis (any one of SEQ ID NOs: 7 and 8) .

Figure 8 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100413.

Figure 9 shows the nucleotide sequence of a
potential lipoprotein OMP gene designated MCA100414 and the
deduced amino acid sequence from Moraxella catarrhalis (any

one of SEQ ID NOs: 9 and 10).

Figure 10 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100414.
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Figure 11 shows the nucleotide sequence of a
putative oxidoreductase, internalin B gene designated
MCA100527 and the deduced amino acid sequence from Moraxella

catarrhalis (any one of SEQ ID NOs: 11 and 12).

Figure 12 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100527.

Figure 13 shows the nucleotide sequence of the
OprM gene designated MCA100564 and the deduced amino acid
sequence from Moraxella catarrhalis (any one of SEQ ID NOs:

13 and 14).

Figure 14 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100564.

Figure 15 shows the nucleotide sequence of the
collagenase gene designated MCA100567 and the deduced amino
acid sequence from Moraxella catarrhalis (any one of SEQ ID

NOs: 15 and 16).

Figure 16 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100567.

Figure 17 shows the nucleotide sequence of the
outer membrane phospholipase A gene designated MCA100712 and
the deduced amino acid sequence from Moraxella catarrhalis

(any one of SEQ ID NOs: 17 and 18).

Figure 18 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCAL100712.

Figure 19 shows the nucleotide sequence of the
lipoprotein gene designated MCA100800 and the deduced amino
acid sequence from Moraxella catarrhalis (any one of SEQ ID

NOg: 19 and 20).
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Figure 20 shows the restriction enzyme analysis of

the M. catarrhalis designated MCA100800.

Figure 21 shows the nucleotide sequence of the
OmpA gene designated MCA100854 and the deduced amino acid
sequence from Moraxella catarrhalis (any one of SEQ ID NOs:

21 and 22).

Figure 22 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100854.

Figure 23 shows the nucleotide sequence of the
NADH:ubiquinone oxidoreductase subunit A gene designated
MCA100889 and the deduced amino acid sequence from Moraxella

catarrhalis (any one of SEQ ID NOs: 23 and 24).

Figure 24 shows the restriction enzyme analysis of

.the M. catarrhalis gene designated MCA100889.

Figure 25 shows the nucleotide sequence of the
pilQ fimbriae gene designated MCA100992 and the deduced
amino acid sequence from Moraxella catarrhalis (any one of

SEQ ID NOs: 25 and 26).

Figure 26 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA100992.

Figure 27 shows the nucleotide sequence of the
invasin protein gene designated MCA101249 and the deduced
amino acid sequence from Moraxella catarrhalis (any one of

SEQ ID NOs: 27 and 28).

Figure 28 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101249.

Figure 29 shows the nucleotide sequence of another

rare lipoprotein A gene designated MCA101388 and the deduced
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amino acid sequence from Moraxella catarrhalis (any one of

SEQ ID NOs: 29 and 30).

Figure 30 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101388.

Figure 31 shows the nucleotide sequence of the
gene encoding a 36kDa secreted protein designated MCA101446
and the deduced amino acid sequence from Moraxella

catarrhalis (any one of SEQ ID NOs: 31 and 32).

Figure 32 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCAL01446.

Figure 33 shows the nucleotide sequence and
deduced amino acid sequence of a gene designated MCA101580
from Moraxella catarrhalis (any one of SEQ ID NOs: 33 and

34) .

Figure 34 shows the restriction enzyme analysis of
the M. catarrhalis gene designated MCA101580, shown as SEQ
ID NO: .33.

Figure 35 shows the nucleotide sequence of a rare
lipoprotein A gene designated MCA101666)and the deduced
amino acid sequence from Moraxella catarrhalis (any one of

SEQ ID NOs: 35 and 36).

Figure 36 shows the restriction enzyme analysis of
the M. catarrhalis gene designated MCAl01666, shown as SEQ
ID NO: 35.

Figure 37 shows the nucleotide sequence of the OMP
gene designated MCA101792 and the deduced amino acid
sequence from Moraxella catarrhalis (any one of SEQ ID NOs:

37 and 38).
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Figure 38 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101792.

Figure 39 shows the nucleotide sequence of the
outer membrane esterase gene designated MCA101806 and the
deduced amino acid sequence from Moraxella catarrhalis (any
one of SEQ ID NOg: 39 and 40). The gene is encoded on the

negative strand of the Moraxella genome.

Figure 40 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101806.

Figure 41 shows the nucleotide sequence of the
soluble pyridine nucleotide trans-hydrogenase gene
designated MCA101862 and the deduced amino acid sequence
from Moraxella catarrhalis (any one of SEQ ID NOs: 41 and
42). The gene 1s encoded on the negative strand of the

Moraxella genome.

Figure 42 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101862.

Figure 43 shows the nucleotide sequence of the
lipoprotein gene designated MCA101896 and the deduced amino
acid sequence from Moraxella catarrhalis (any one of SEQ ID

NOs: 43 and 44).

Figure 44 showg the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101896.

Figure 45 shows the nucleotide sequence of the
HecB gene designated MCA101915 and the deduced amino acid
sequence from Moraxella catarrhalis (any one of SEQ ID NOs:

45 and 46) .

Figure 46 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101915.
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Figure 47 shows the nucleotide sequence of the
gene encoding a putative virulence factor MviN homolog
designated MCA101924 and the deduced amino acid segquence
from Moraxella catarrhalis (any one of SEQ ID NOs: 47 and

48) .

Figure 48 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101924.

Figure 49 shows the nucleotide sequence of the
heme receptor gene designated MCA101976 and the deduced
amino acid sequence from Moraxella catarrhalis (any one of

SEQ ID NOs: 49 and 50).

Figure 50 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA101976.

Figure 51 shows the nucleotide sequence of the
ompC/heme recptor gene designated MCA102062 and the deduced
amino acid sequence from Moraxella catarrhalis (any one of

SEQ ID NOs: 51 and 52).

Figure 52 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA102062.

Figure 53 shows the nucleotide sequence of the
porin gene designated MCA102070 and the deduced amino acid
sequence from Moraxella catarrhalis (any one of SEQ ID NOs:

53 and 54).

Figure 54 shows the restriction enzyme analysis of

the M. catarrhalis gene designated MCA102070.

Figure 55 shows construction of expression

plasmids for expression of the Moraxella ORFs.

Figure 56 shows a purification scheme for the

Moraxella proteins under native conditions.
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Figure 57 shows a purification scheme for the

Moraxella proteins under denaturing conditions.

Figure 58 (A) shows an SDS-PAGE analysis of
purified protein MCA100170 (SEQ ID NO:2; 51.2kDa; lane 2,
2ug) and Western blot analysis using horse radish
peroxidase-conjugated anti-His tag antibody (lane 4, 2ug
purified protein). The molecular weight standards are shown

in lanes 1 and 3.

Figure 58 (B) shows an SDS-PAGE analysis of
purified protein MCA100414 (SEQ ID NO:10; 21.2kDa; lane 2,
2ug) and Western blot analysis using horse radish
peroxidase-conjugated anti-His tag antibody (lane 4, 2ug
purified protein). The molecular weight standards are shown

in lanes 1 and 3.

Figures 58(C) to 58 (R) show SDS-PAGE analyses of
purified Moraxella proteins. Each lane labeled (1)
indicates molecular weight standards. The lane labeled (2)

indicate the purified protein (2ug), as follows:
(C) 49,8kDa MCA100567 (SEQ ID NO:16)
(D) 22.2kDa MCA100854 (SEQ ID NO:22)
(E) 17.4kDa MCA101249 (SEQ ID NO:28)
(F) 73.1kDa MCA101915 (SEQ ID NO:46)
(@) 73.1kDa MCA101976 (SEQ ID NO:50)
(H) 37.7kDa MCA100800 (SEQ ID NO:20)
(1) 64 .3kDa MCA101806 (SEQ ID NO:40)
(J) 10.3kDa MCA100178 (SEQ ID NO:4)

(K) 12.8kDa MCA100413 (SEQ ID NO:8)
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(L) 88.9kDa MCA102062 (SEQ ID NO:52)
(M) 53.1kDa MCA100564 (SEQ ID NO:14)
(N) MCA101388 (SEQ ID NO:30)
(0) MCA101792 (SEQ ID NO:38)
(P) MCA101896 (SEQ ID NO:44)
(Q) MCA102070 (SEQ ID NO:54)
(R) MCA101446 (SEQ ID NO:32)

Figure 59 show Western blots using antibodies
generated against the Moraxella proteins. Lanes 1, 4, 7,
10, 13, 16, 22, 26, 29 and 33 show mobility of the standard
molecular weights (203, 118, 86, 52, 34, 29, 19 and 7.5
kDa). Lanes 2, 5, 8, 11, 14, 17, 20, 24, 27 and 31 show
Western-blotted whole cell lysates from stationary phase M.
catarrhalis. Lanes 3, 6, 9, 12, 15, 18, 21, 25, 28 and 32
show Western-blotted whole cell lysates from logarithmic
phase M. catarrhalis. Lanes 19, 23 and 30 show Western-

blotted purified proteins (1 ug).

Lanes 2 & 3: MCA100800 (SEQ ID NO:20)
Lanes 5 & 6: MCA101806 (SEQ ID NO:40)
Lanes 8 & 9: MCA100178 (SEQ ID NO:4)
Lanes 11 & 12: MCA100413 (SEQ ID NO:8)
Lanes 14 & 15: MCA102062 (SEQ ID NO:52)
Lanes 17 & 18: MCA100564 (SEQ ID NO:14)
Lanes 19-21: MCA101388 (SEQ ID NO:30)

Lanes 23-25: MCA101792 (SEQ ID NO:38)
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Lanes 27 & 28: MCA101896

Lanes 30-32: MCA102070 (SEQ ID NO:54)

DETAILED DESCRIPTION OF INVENTION

Open reading frames (ORFs) encoding Moraxella
polypeptides been identified from the M. catarrhalis genome.
Accordingly, these polypeptides and related polypeptides can

be used to prevent and treat Moraxella infection.

According to one aspect of the invention, isolated
polynucleotides are provided which encode Moraxella

polypeptides whose amino acid sequences are exemplified in

any one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52 and 54. These polypeptides have been identified as

having the following putative function in vivo:

SEQ ID NOs Designation Putative function
1 & 2 MCA100170 major anaerobically induced OMP
3 & 4 MCA100178%* rare lipoprotein A
5 & 6 MCA100412 component protein of adhesin complex
7 & 8 MCA100413 component protein of adhesin complex
9 & 10 MCA100414b lipoprotein OMP
11 & 12 MCA100527 oxidoreductase, internalin B
13 & 14 MCA100564 OpxrM
15 & 16 MCA100567b collagenase
17 & 18 MCA100712 outer membrane phopholipase A
19 & 19 MCA100800 lipoprotein
21 & 22 MCA100854 OmpA/OprF homolog
23 & 24 MCA100889 NADH:ubiquinone oxidoreductase
4 subunit A
25 & 26 MCA100992 pilQ fimbriae
27 & 28 MCA101249 invasin protein
29 & 30 MCA101388 rare lipoprotein A



10

15

20

25

30

WO 02/18595 PCT/CA01/01221

21
31 & 32 MCA101446 36kDa secreted protein
33 & 34 MCA101580
35 & 36 MCA10l666 rare lipoprotein A
37 & 38 MCA101792 OMP
39 & 40 MCA101806* Outer membrane esterase
41 & 42 MCA101862% soluble pyridine nucleotide
transhydrogenase
43 & 44 MCA101896 lipoprotein
45 & 46 MCA101915 HecB
47 & 48 MCA101924 virulence factor MviN homolog
49 & 50 MCA101976 heme receptor
51 & 52 MCA102062b ompC / heme receptor
53 & 54 MCA102070 porin

*The gene is encoded on the negative strand of the Moraxella

genome.

The term "isolated polynucleotide" is defined as a
polynucleotide removed from the environment in which it
naturally occurs. "Isolated polynucleotide" is a
polynucleotide the structure of which is not identical to
that of any naturally occurring polynucleotide. The term
therefore covers, for example, (a) a DNA which has the
sequence of part of a naturally occurring genomic DNA
molecule but is not flanked by both of the coding segquences
that flank that part of the molecule in the genome of the
organism in which it naturally occurs; (b) a polynucleotide
incorporated into a vector or into the genomic DNA of a
prokaryote or eukaryote in a manner such that the resulting
molecule is not identical to any naturally occurring vector
or genomic DNA; (c) a separate molecule such as a cDNA, a
genomic fragment, a fragment produced by polymerase chain
reaction (PCR), or a restriction fragment; and (d) a
recombinant nucleotide sequence that is part of a hybrid

gene, i.e. a gene encoding a fusion protein. Specifically
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excluded from this definition are polynucleotides present in
mixtures of (i) DNA molecules, (ii) transfected cells, and
(iii) cell clones, e.g. as these occur in a DNA library such

ags a cDNA or genomic DNA library.

For example, a naturally-occurring DNA molecule
present in the genome of a living bacteria or as part of a
gene bank is not isolated, but the same molecule separated
from the remaining part of the bacterial genome, as a result
of, e.g., a cloning event (amplification), is isolated.
Typically, an isolated DNA molecule is free from DNA regions
(e.g., coding regions) with which it is immediately
contiguous at the 5' or 3' end, in the naturally occurring
genome. Such isolated polynucleotides may be part of a
vector or a composition and still be defined as isolated in
that such a vector or composition is not part of the natural

environment of such polynucleotide.

The polynucleotide of the invention is either RNA
or DNA (cDNA, genomic DNA, or synthetic DNA), or
modifications, variants, homologs or fragments thereof. The
DNA is either double-stranded or single-stranded, and, if
single-stranded, is either the coding strand or the non-
coding (anti-sense) strand. any one of the sequences that
encode the polypeptides of the invention as shown in SEQ ID
NO: 1 to 54 is (a) a coding sequence, (b) a ribonucleotide
sequence derived from transcription of (a), or (c¢) a coding
sequence which uses the redundancy or degeneracy of the

genetic code to encode the same polypeptides.

By "polypeptide" or "protein" is meant any chain
of amino acids, regardless of length or post-translational
modification (e.g., glycosylation or phosphorylation). Both

terms are used interchangeably in the present application.
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Amino acid sequences are provided which are
homologous to any one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52 and 54. As used herein, "homologous amino
acid sequence" is any polypeptide which is encoded, in whole
or in part, by a nucleic acid sequence which hybridizes at
25-35°C below critical melting temperature (Tm), to any
portion of the nucleic acid sequence of any one of SEQ ID
NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29,
31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51 and 53. A
homologous amino acid seqguence is one that differs from an
amino acid sequence shown in any one of SEQ ID NOs: 2, 4, 6,
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38, 40, 42, 44, 46, 48, 50, 52 and 54 by one or more amino

acid substitutions, preferably conservative substitutions.

Such a sequence also encompass serotypic variants (defined .

below) as well as sequernces containing’aélétions'or‘
insertions which retain inherent characteristics of the
polypeptide such as immunogenicity. Preferably, such a
sequence is at least 75% (for example, 78%, 80%, 83%, 85%,
88%), and preferably 90% identical to any one of SEQ ID NOs:
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54.

Homologous amino acid sequences include sequences
that are identical or substantially identical to any one of
SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54.
By "amino acid sequence substantially identical" is meant a
sequence that is at least 90% (for example 92%, 94%, 95%,
96%, 97%, 98%), and preferably 99% identical to an amino
acid sequence of reference. 1In one preferred embodiment,

the homologous sequence differs from the sequence of
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reference by a majority of conservative amino acid

substitutions.

Conservative amino acid substitutions are
substitutions among amino acids of the same class. These
classes include, for example, amino acids having uncharged
polar side chains, such as asparagine, glutamine, serine,
threonine, and tyrosine; amino acids having basic side
chains, such as lysine, arginine, and histidine; amino acids
having acidic side chains, such as aspartic acid and
glutamic acid; and amino acids having nonpolar side chains,
such as glycine, alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan, and

cysteine.

Homologous polynucleotide sequences are defined in
a similar way. Preferably, a homologous sequence is one
that is at least 45%, (for example 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 87%, 90%, 93%, 96%) and preferably 99%
identical to the coding sequence of any one of SEQ ID Nos:
i, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33,
35, 37, 39, 41, 43, 45, 47, 49, 51 and 53.

Homology is measured using sequence analysis
software such as Sequence Analysis Software Package of the
Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, WI
53705. Amino acid sequences are aligned to maximize
identity. Gaps may be artificially introduced into the
sequence to attain proper alignment. Once the optimal
alignment has been set up, the degree of homology is
established by recording all of the positions in which the
amino acids of both sequences are identical, relative to the

total number of positions.
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As used herein, “percent homology” of two amino
acid sequences or of two nucleic acids is determined using
the algorithm of Karlin and Altschul (Proc. Natl. Acad. Sci.
USA 87:2264-2268, 1990), modified as in Karlin and Altschul
(Proc. Natl. Acad. Sci. USA 90:5873-5877, 1993). Such an
algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul et al. (J. Mol. Biol. 215:403-410,
1990). BLAST nucleotide searches are performed with the
NBLAST program, score = 100, wordlength = 12, to obtain
nucleotide sequences homologous to a nucleic acid of the
invention. BLAST protein searches are performed with the
XBLAST program, score = 50, wordlength = 3, to obtain amino
acid sequences homologous to a reference polypeptide (e.g.
any one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,

52 and 54LnﬂlTo obtain .gapped alignments for comparison.

purposes, Gapped BLAST is utilized as described in Altschul

et al. (Nucleic Acids Res. 25:389-3402, 1997). When
utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs (e.g. XBLAST and

NBLAST) are used. See http://www.ncbi.nlm.nih.gov.

Polypeptides having a sequence homologous to any
one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52
and 54 include naturally-occurring allelic variants, as well
as mutants or any other non-naturally occurring variants
that retain the inherent characteristics of the reference

polypeptide.

As is known in the art, an allelic variant is an
alternate form of a polypeptide that is characterized as
having a substitution, deletion, or addition of one or more
amino acids that does not alter the biological function of

the polypeptide. By "biological function" is meant the
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function of the polypeptide in the cells in which it
naturally occurs, even if the function is not necessary for
the growth or survival of the cells. For example, the
biological function of a porin is to allow the entry into
cells of compounds present in the extracellular medium.
Biological function is distinct from antigenic property. A

polypeptide can have more than one biological function.

Allelic variants are very common in nature. For
example, a bacterial species such as M. catarrhalis, is
usually represented by a variety of strains that differ from
each other by minor allelic variations. Indeed, a
polypeptide that fulfills the same biological function in
different strains can have an amino acid sequence (and
polynucleotide sequence) that is not identical in each of
the strains. Such an allelic variation may be equally

reflected at the polynucleotide level.

One method of obtaining polynucleotides encoding
homologous polypeptides or allelic variants is by polymerase
chain reaction (PCR) amplification of genomic bacterial DNA
extracted by conventional methods. This involves the use of
synthetic oligonucleotide primers matching upstream and
downstream of the 5' and 3' ends of the coding sequence.
Suitable primers are designed according to the nucleotide
sequence information provided in any one of SEQ ID NOs: 1,
3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33,
35, 37, 39, 41, 43, 45, 47, 49, 51 and 53. The procedure is
as follows: a primer is selected which consists of 10 to 40
(e.g. 13, 16, 19, 22, 24 and so forth), preferably 15 to 25
nucleotides. It is advantageous to select primers
containing C and G nucleotides in a proportion sufficient to
ensure efficient hybridization; i.e., an amount of C and G
nucleotides of at least 40%, preferably 50% of the total

nucleotide content. A standard PCR reaction containg
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typically 0.5 to 5 Units of Tag DNA polymerase per 100 uL,

20 to 200 pM deoxynucleotide each, preferably at equivalent

concentrations, 0.5 to 2.5 mM magnesium over the total

deoxynucleotide concentration, 102 to 106 target molecules,

and about 20 pmol of each primer. About 25 to 50 PCR cycles

are performed, with an annealing temperature 15°C to 5°C
below the true Tm of the primers. A more stringent
annealing temperature improves discrimination against
incorrectly annealed primers and reduces incorportion of

incorrect nucleotides at the 3’ end of primers. A

denaturation temperature of 95°C to 97°C is typical, although
higher temperatures may be appropriate for dematuration of
G+C-rich targets. The number of cycles performed depends on
the starting concentration of target molecules, though
typically more than 40 cycles is not recommended as non-

specific background products tend'tq}égﬁumulate.

An alternative method for retrieving
polynucleotides encoding homologous polypeptides or allelic
variants is by hybridization screening of a DNA or RNA
library. Hybridization procedures are well-known in the art
and are described for example in Sambrook et al. (Sambrook,
J.E.F. et. al. (1989) Molecular Cloning a Laboratory Manual
2™ ed. Ccold Spring Harbor Laboratory Press, Cold Spring
Harbor N.Y.). Important parameters for optimizing
hybridization conditions are reflected in a formula used to
obtain the critical melting temperature above which two
complementary DNA strands separate from each other. For
polynucleotides of about 600 nucleotides or larger, this
formula is as follows: Tm = 81.5 + 0.41 x (% G+C) + 16.6 log
(cation ion concentration) - 0.63 x (% formamide) - 600/base
number. Under appropriate stringency conditions,
hybridization temperature (Th) is approximately 20 to 40°C,
20 to 25°C, or, preferably 30 to 40°C below the calculated
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Tm. Those skilled in the art will understand that optimal

temperature and salt conditions can be readily determined.

Hybridizing nucleic acids of the type described
herein can be used, for example, as a cloning probe, a
primer or a diagnostic probe. Hybridization is typically
performed under stringent conditions. Nucleic acid duplex
or hybrid stability is expressed as the melting temperature
or Tm, which is the temperature at which the hybridizing
strands dissociate. This melting temperature is used to
define the required stringency conditions. If sequences are
to be identified that are related and substantially
identical, rather than identical, to the probe sequence,
then it is useful to first establish the lowest temperature
at which only homologous hybridization occurs with a

particular concentration of salt (e.g. SSC OR SSPE). Then,

assuming that a 1% mismatching results in a 1°C decrease in
the Tm, the temperature of the final wash in the
hybridization reaction is reduced accordingly (for example,
if sequences having more than 95% identity with the probe
are sought, the final wash temperature is decreased by 5%).
In practice, the change in Tm can be between 0.5°C and 1.5°C
per 1% mismatch. Stringent conditions are achieved for both
pre-hybridizing and hybridizing incubations (i) within 4-16
hours at 42°C, in 6 x SSC containing 50% formamide, or (ii)
within 4-16 hours at 65°C in an aqueous 6 x SSC solution (1
M NaCl, 0.1 M sodium citrate (pH 7.0)). Typically,
hybridization experiments are performed at a temperature
from 60 to 68°C, e.g. 65°C. At such a temperature,
stringent hybridization conditions can be achieved in 6xSSC,
preferably in 2xSSC or 1xSSC, more preferably in 0.5xSSc,
0.3xXSSC or 0.1xSSC (in the absence of formamide). 1xSSC
containg 0.15 M NaCl and 0.015 M sodium citrate.
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Useful homologs and fragments thereof that do not
occur naturally are designed using known methods for
identifying regions of an antigen that are likely to
tolerate amino acid sequence changes and/or deletions. As
an example, homologous polypeptides from different species
are compared; conserved gequences are identified. The more
divergent sequences are the most likely to tolerate sequence
changes. Homology among sequences may be analyzed as
described above using, as an example, the BLAST homology
searching algorithm of Altschul et al., Nucleic Acids Res.;
25:3389-3402 (1997). Alternatively, sequences are modified
such that they become more reactive to T- and/or B-cells,
based on computer-assisted analysis of probable T- or B-cell
epitopes. Yet another alternative is to mutate a particular

amino acid residue or sequence within the polypeptide in

- vitro, then screen the mutant polypeptides for their ability

to prevent or treat Moraxella infection according to the

method outlined below.

A person skilled in the art will readily
understand that by following the screening process of this
invention, it will be determined without undue
experimentation whether a particular homolog or fragment of
any one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50,
52 and 54 may be useful in the prevention or treatment of
Moraxella infection. The screening procedure comprises the

steps:

(1) immunizing an animal, preferably mouse, with
the test homolog or fragment. The homolog or fragment used
for immunization may be a polypeptide or peptide, or it may

be a nucleic acid encoding the polypeptide or peptide;
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(ii) inoculating the immunized animal with

Moraxella, preferably M. catarrhalis; and

(iii) selecting those homologs or fragments which
elicits an immunogenic response in the animal against a

bacterium of the Moraxella genus.

The immunogenic response may be an antibody
response, Or an immunoprotective response. By
“immunoprotection” is meant that there is a reduction in
gseverity of any of the effects of Moraxella infection, in
comparison with a control animal which was not immunized

with the test homolog or fragment.

In one embodiment, the M. catarrhalis complement-
mediated, antibody-dependent bactericidal assay may be used
as an indicator of how effective a particular Moraxella
polypeptide, homolog or fragment is in generating an immune
response and conferring protection. The assay is performed
essentially as described in Yang et al. FEMS Immunol. Med.
Med Microbiol. (1997) 17:187-199. Briefly, a dilution of M.
catarrhalis is incubated with complement-inactivated
antiserum in the presence of a a known amount of complement,
then either plated and counted (Myers et al. Infection and
Immunity (1998) 66(9):4183-4192. Detection of surviving
bacteria may be facilitated with the use of alamarBlue
(Mountzouros and Howell. J. Clin. Microbiol. (2000) 38:2878-
2884) .

Polypeptide derivatives are provided that are
partial sequences of any one of SEQ ID NOs: 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52 and 54, partial sequences of
polypeptide sequences homologous to any one of SEQ ID NOs:
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54, polypeptides
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derived from full-length polypeptides by internal deletion,

and fusion proteins.

It is an accepted practice in the field of
immunology to use fragments and variants of protein
immunogens as vaccines, as all that is required to induce an
immune response to a protein is a small (e.g., 8 to 10 amino
acid) immunogenic region of the protein. Various short
synthetic peptides corresponding to surface-exposed antigens
of pathogens other than Moraxella have been shown to be
effective vaccine antigens against their respective
pathogens, e.g. an 11 resgidue peptide of murine mammary
tumor virus (Dion et al., 1990. Virology 179:474-477), a 1l6-
residue peptide of Semliki Forest virus (Snijders et al.,
1991. J. Gen. Virol. 72:557-565), and two overlapping
peptides of 15 res%dpes each from ganine_parvoyirus

(Langeveld et al., Vaccine 12(15):1473-1480, 1994).

Accordingly, it will be readily apparent to one
skilled in the art, having read the present description,
that partial sequences of any one of SEQ ID NOs: 2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52 and 54 or their homologous amino
acid sequences are inherent to the full-length sequences and
are taught by the present invention. Such polypeptide
fragments are at least 10 amino acids long, and preferably
are at least 12 amino acids in length; for example 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
100 amino acids in length, and so forth up to the full-

length sequence.

Polynucleotides of 30 to 600 nucleotides of any
one of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,
23, 25, 27 29, 31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51 and

53, or their corresponding complements, homologs or
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variants, are useful at least as probes for retrieving other
homologs or variants, or as a tool for diagnosing Moraxella
infection. One method for retrieving the partial sequences
is by PCR amplification. The parameters outlined above are
applied and primers are used which match the sequences
upstream and downstream of the 5' and 3' ends of the
fragment to be amplified. The template polynucleotide for
such amplification is either the full length polynucleotide
of any one of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27 29, 31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51
and 53, or their corresponding homologs or variants, or a
polynucleotide contained in a mixture of polynucleotides
such as a DNA or RNA library. As an alternative method for
retrieving the partial sequences, screening hybridization is
carried out under conditions described above and using the
formula for calculating Tm. Where fragments of 30 to 600
nucleotides are to be retrieved, the calculated Tm is
corrected by subtracting (600/polynucleotide size in base
pairs) and the stringency conditions are defined by a
hybridization temperature that is 5 to 10°C below Tm. Where
oligonucleotides shorter than 20-30 bases are to be
obtained, the formula for calculating the Tm is as follows:
Tm = 4 x (G+C) + 2 (A+T). For example, an 18 nucleotide

fragment of 50% G+C would have an approximate Tm of 54°C.

Short peptides that are fragments of any one of
SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54 or
their corresponding homologous sequences, may be obtained
directly by chemical synthesis (E. Gross and H. J.
Meinhofer, 4 The Peptides: Analysis, Synthesis, Biology;
Modern Techniques of Peptide Synthesis, John Wiley & Sons
(1981), and M. Bodanzki, Principles of Peptide Synthesis,
Springer-Verlag (1984)).
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Useful polypeptide derivatives, e.g., polypeptide
fragments, are designed using computer-assisted analysis of
amino acid sequences. This would identify probable surface-
exposed, antigenic regions (Hughes et al., 1992. Infect.
Immun. 60(9):3497). Analysis of 6 amino acid seguences
contained in any one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52 and 54, based on the product'of flexibility
and hydrophobicity propensities using the program SEQSEE
(Wishart DS, et al. “SEQSEE: a comprehensive program suite
for protein sequence analysis.” Comput Appl Biosci. 1994
Apr;10(2):121-32), can reveal potential B- and T-cell
epitopes which may be used as a basis for selecting useful
immunogenic fragments and variants. This analysis uses a

reasonable combination of external surface features that is

’likéiy té~bé/récégniZed"byuéﬁﬁibodiés.f“ProbébiééT:ceili
».epitopes‘fér HIA-A0201 MHC sﬁbC1asé"may be revealed by

algorithme that emulate an approach developed at the NIH
(Parker KC, et al. “Peptide binding to MHC class I
molecules: implications for antigenic peptide prediction.”

Immunol Res 1995;14 (1) :34-57).

Epitopes which induce a protective T cell-
dependent immune response are present throughout the length
of the polypeptide. However, some epitopes may be masked by
secondary and tertiary structures of the polypeptide. To
reveal such masked epitopes large internal deletions are
created which remove much of the original protein structure
and exposes the masked epitopes. Such internal deletions
gsometimes effect the additional advantage of removing

immunodominant regions of high variability among strains.

Polynucleotides encoding polypeptide fragments and
polypeptides having large internal deletions are constructed

using standard methods (Sambrook, J.E.F. et. al. (1989)
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Molecular Cloning a Laboratory Manual 2°¢ ed. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor N.Y.). Such
methods include standard PCR, inverse PCR, and restriction
enzyme treatment of cloned DNA molecules. Components for
these methods and instructions for their use are readily
available from various commercial sources such as
Stratagene. Once the deletion mutants have been
constructed, they are tested for their ability to prevent or

treat Moraxella infection as described above.

As used herein, a fusion polypeptide is one that
contains a polypeptide or a polypeptide derivative of the
invention fused at the N- or C-terminal end to any other
polypeptide (hereinafter referred to as a peptide tail). A
simple way to obtain such a fusion polypeptide is by
translation of an in-frame fusion of the polynucleotide
sequences, i.e., a hybrid gene. The hybrid gene encoding
the fusion polypeptide is inserted into an expression vector
which is used to transform or transfect a host céll.
Alternatively, the polynucleotide sequence encoding the
polypeptide or polypeptide derivative is inserted into an
expression vector in which the polynucleotide encoding the
peptide tail is already present. Such vectors and
instructions for their use are commercially available, e.g.
the pMal-c2 or pMal-p2 system from New England Biolabs, in
which the peptide tail is a maltose binding protein, the
glutathione-S-transferase system of Pharmacia, or the His-
Tag system available from Novagen. These and other
expression systems provide convenient means for further
purification of polypeptides and derivatives of the

invention.

An advantageous example of a fusion polypeptide is
one where the polypeptide or homolog or fragment of the

invention is fused to a polypeptide having adjuvant
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activity, such as subunit B of either cholera toxin or E.
coli heat-labile toxin. Another advantageous fusion is one
where the polypeptide, homolog or fragment is fused to a
strong T-cell epitope or B-cell epitope. Such an epitope
may be one known in the art (e.g. the Hepatitis B wvirus core
antigen, D.R. Millich et al., “Antibody production to the
nucleocapsid and envelope of the Hepatitis B virus primed by
a single synthetic T cell site”, Nature. 1987. 329:547-549),
or one which has been identified in another polypeptide of
the invention based on computer-assisted analysis of
probable T- or B-cell epitopes. Consistent with this aspect
of the invention is a fusion polypeptide comprising T- or B-
cell epitopes from any one of SEQ ID NOs: 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52 and 54 or their corresponding homolog

or fragment, wherein the epitopes .are derived fromrmﬁltiple

“variants of said polypeptide Or‘hémolog“of ffagment;"eaéh

variant differing from another in the location and sequence
of its epitope within the polypeptide. Such a fusion is
effective in the prevention and treatment of Moraxella
infection since it optimizes the T- and B-cell response to

the overall polypeptide, homolog or fragment.

To effect fusion, the polypeptide of the invention
ig fused to the N-, or preferably, to the C-terminal end of
the polypeptide having adjuvant activity or T- or B-cell
epitope. Alternatively, a polypeptide fragment of the
invention is inserted internally within the aminc acid
sequence of the polypeptide having adjuvant activity. The
T- or B-cell epitope may also be inserted internally within

the amino acid sequence of the polypeptide of the invention.

The polynucleotides of the invention also encode
hybrid precursor polypeptides containing heterologous signal

peptides, which mature into polypeptides of the invention.



10

15

20

25

30

WO 02/18595 PCT/CA01/01221

36

By "heterologous signal peptide" is meant a signal peptide
that is not found in naturally-occurring precursors of

polypeptides of the invention.

Polynucleotide molecules according to the
invention, including RNA, DNA, or modifications or
combinations thereof, have various applications. A DNA
molecule is used, for example, (i) in a process for
producing the encoded polypeptide in a recombinant host
system, (ii) in the construction of vaccine vectors such as
poxviruses, which are further used in methods and
compositions for preventing and/or treating Moraxella
infection, (iii) as a vaccine agent (as well as an RNA
molecule), in a naked form or formulated with a delivery
vehicle and, (iv) in the comnstruction of attenuated
Moraxella strains that can over-express a polynucleotide of

the invention or express it in a non-toxic, mutated form.

Accordingly, another aspect of the invention
encompasses (i) an expression cassette containing a DNA
molecule of the invention placed under the control of the
elements required for expression, in particular under the
control of an appropriate promoter; (ii) an expression
vector containing an expression cassette of the invention;
(iii) a procaryotic or eucaryotic cell transformed or
transfected with an expression cassette and/or vector of the
invention, or a virus expressing a DNA molecule of the
invention; as well as (iv) a process for producing a
polypeptide or polypeptide derivative encoded by a
polynucleotide of the invention, which involves culturing a
virus, procaryotic or eucaryotic cell transformed or
transfected with an expression cassette and/or vector of the
invention, under conditions that allow expression of the DNA

molecule of the invention and, recovering the encoded
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polypeptide or polypeptide derivative from the cell or virus

culture.

A recombinant expression system is selected from
viruses, procaryotic and eucaryotic hosts. Eucaryotic hosts
include yeast cells (e.g., Saccharomyces cerevisiae or
Pichia pastoris), mammalian cells (e.g., COS1l, NIH3T3, or
JEG3 cells), arthropods cells (e.g., Spodoptera frugiperda
(SF9) cells), and plant cells. Prokaryotic hosts include:
E. coli, Shigella, Salmonella, Vibrio cholerae,
Lactobacillus, Bacille bilié de Calmette-Guérin (BCG), and
Streptococcus, preferably non-toxicogenic Vibrio cholerae
mutant straing and attenuated Salmonella typhimurium
strains. Viruses which may be used to produce the
polypeptides and proteins of the invention include

adenovirus, alphavirus, and poxvirus, which may be a

vaccinia or canary-pox virus.

Bacterial -and eucaryotic cells are available from
a number of different sources including commercial sources
to those skilled in the art, e.g., the American Type Culture
Collection (ATCC; Rockville, Maryland). Commercial sources
of cells used for recombinant protein expression also

provide instructions for usage of the cells.

An example of an adenovirus expression system, as
well as a method for constructing an adenovirus vector
capable of expressing a DNA molecule of the invention, are
described in U.S. Patent No. 4,920,209. Poxvirus vectors
include vaccinia and canary pox virus, described in U.S.
Patent No. 4,722,848 and U.S. Patent No. 5,364,773,
respectively. Poxvirus vectors capable of expressing a
polynucleotide of the invention are obtained by homologous

recombination so that the polynucleotide of the invention is
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inserted in the viral genome under appropriate conditions

for expression in mammalian cells.

Non-toxicogenic Vibrio cholerae mutant strains are

known. U.S. Patent No. 4,882,278 describes strains which

have a substantial amount of the coding sequence of each of
the two ctxA alleles deleted so that no functional cholerae
toxin is produced. WO 92/11354 describes a strain in which
the irgA locus is inactivated by mutation; this mutation can
be combined in a single strain with ctxA mutations. WO
94/01533 describes a deletion mutant lacking functional ctxA
and attRS1 DNA sequences. These mutant strains are
genetically engineered to express heterologous proteins, as

described in WO 94/19482.

Attenuated Salmonella typhimurium strains,
genetically engineered for recombinant expression of

heterologous proteins or not, are described in WO 92/11361.

Other bacterial strains used as protein expression
hosts in the context of the present invention are described
for Shigella flexneri in High et al., EMBO (1992) 11:1991
and Sizemore et al., Science (1995) 270:299; for
Streptococcus gordonii in Medaglini et al., Proc. Natl.
Acad. Sci. USA (1995) 92:6868; and for Bacille Calmette
Guerin in Flynn J.L., Cell. Mol. Biol. (1994) 40 (suppl.
I):31, WO 88/06626, WO 90/00594, WO 91/13157, WO 92/01796,
and WO 92/21376.

In bacteria, the polynucleotide of the invention
is inserted into the bacterial genome or remains in a free

state as part of a plasmid.

The choice of the expression system depends on the

features desired for the expressed polypeptide. For
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example, it may be useful to produce a polypeptide of the

invention in a particular lipidated form or any other form.

One skilled in the art would redily understand
that not all vectors and expression control sequences and
hosts would be expected to express equally well the
polynucleotides of this invention. With the guidelines
described below, however, a selection of vectors, expression
control sequences and hosts may be made without undue
experimentation and without departing from the scope of this

invention.

In selecting a vector, the host must be chosen
that is compatible with the vector which is to exist and
possibly replicate in it. Considerations are made with
respect to the vector copy number, the ability to control
the copy numbef, éxpreééioﬁ of~other proteins such as
antibiotic resistance. In selecting an expression control
sequence, a number of variables are considered. Among the
important variable are the relative strength of the sequence
(e.g. the ability to drive expression under various
conditions), the ability to control the sequence’s function,
compatibility between the polynucleotide to be expressed and
the control sequence (e.g. secondary structures are
considered to avoid hairpin structures which prevent
efficient transcription). In selecting the host,
unicellular hosts are selected which are compatible with the
selected vector, tolerant of any possible toxic effects of
the expressed product, able to secrete the expressed product
efficiently if such is desired, to be able to express the
product in the desired conformation, to be easily scaled up,

and to which ease of purification of the final product.

The choice of the expression cassette depends on

the host system selected as well as the features desired for
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the expressed polypeptide. Typically, an expression
cassette includes a promoter that is functional in the
gelected host system and can be constitutive or inducible; a
ribogome binding site; a start codon (ATG) if necessary; a
region encoding a signal peptide, e.g., a lipidation signal
peptide; a DNA molecule of the invention; a stop codon; and
optionally a 3' terminal region (translation and/or
transcription terminator). The signal peptide encoding
region is adjacent to the polynucleotide of the invention
and placed in proper reading frame. The signal peptide-
encoding region is homologous or heterologous to the DNA
molecule encoding the mature polypeptide and is compatible
with the secretion apparatus of the host used for
expression. The open reading frame constituted by the DNA
molecule of the invention, solely or together with the
signal pepﬁide, is placed under the control of the promoter
go that transcription and translation occur in the host
system. Promoters and signal peptide encoding regions are
widely known and available to those skilled in the art and
include, for example, the promoter of Salmonella typhimurium
(and derivatives) that is inducible by arabinose (promoter
araB) and is functional in Gram-negative bacteria such as E.
coli (as described in U.S. Patent No. 5,028,530 and in
Cagnon et al., (Cagnon et al., Protein Engineering (1991)
4(7):843)); the promoter of the gene of bacteriophage T7
encoding RNA polymerase, that is functional in a number of
E. colli strains expressing T7 polymerase (described in U.S.
Patent No. 4,952,496); OspA lipidation signal peptide ; and
R1pB lipidaﬁion signal peptide (Takase et al., J. Bact.
(1987) 169:5692) .

The expression cassette is typically part of an
expression vector, which is selected for its ability to

replicate in the chosen expression system. Expression
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vectors (e.g., plasmids or viral vectors) can be chosen, for
example, from those described in Pouwels et al. (Cloning
Vectors: A Laboratory Manual 1985, Supp. 1987). Suitable
expression vectors can be purchased from various commercial

sources.

Methods for transforming/transfecting host cells
with expression vectors are well-known in the art and depend
on the host system selected as described in Sambrook, J.E.F.
et. al. (1989) Molecular Cloning a Laboratory Manual 2™ ed.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor N.Y.

Upon expression, a recombinant polypeptide of the
invention (or a polypeptide derivative) is produced and
remainsg in the intracellular compartment, is
secreted/exc;eted in‘the”extracellular medium or in thé
pgriplasmiC'space,‘or“is embedded in the céllular membfane.
The polypeptide is recovered in a substantially.purified |
form from the cell extract or from the supernatant after
centrifugation of the recombinant cell culture. Typically,
the recombinant polypeptide is purified by antibody-based
affinity purification or by other well-known methods that
can be readily adapted by a person skilled in the art, such
as fusion of the polynucleotide encoding the polypeptide or
its derivative to a small affinity binding domain.
Antibody-based affinity purification methods are also
available for purifying polypeptides extracted from a
Moraxella strain. Antibodies useful for purifying by
immunoaffinity the polypeptides of the invention are

obtained ag described below.

A polynucleotide of the invention can also be
useful as a vaccine. There are two major routes, either
using a viral or bacterial host as gene delivery vehicle

(live vaccine vector) or administering the gene in a free
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form, e.g., inserted into a plasmid. Therapeutic or
prophylactic efficacy of a polynucleotide of the invention

is evaluated as described below.

Accordingly, another aspect of the invention
provides (i) a vaccine vector such as a poxvirus, containing
a DNA molecule of the invention, placed under the control of
elements required for expression; (ii) a composition of
matter comprising a vaccine vector of the invention,
together with a diluent or carrier; specifically (iii) a
pharmaceutical composition containing a therapeutically or
prophylactically effective amount of a vaccine vector of the
invention; (iv) a method for inducing an immune response
against Moraxella in a mammal (e.g., a human; alternatively,
the method can be used in veterinary applications for
treating or preventing Moraxella infection of animals, e.g.,
cats or birds), which involves administering to the mammal
an immunogenically effective amount of a vaccine vector of
the invention to elicit a protective or therapeutic immune
response to Moraxella; and (v) a method for preventing ‘
and/or treating a Moraxella infection, which involves
administering a prophylactic or therapeutic amount of a
vaccine vector of the invention to an infected individual.
Additionally, the invention encompasses the use of a vaccine
vector of the invention in the preparation of a medicament

for preventing and/or treating Moraxella infection.

In one embodiment, the vaccine, composition or
treatment using the vaccine vector of the invention is free
of adjuvant, specifically adjuvants commonly or specifically
used in rodents. The vaccine, composition or treatment may
be used to treat disorders whose symptoms are caused or
aggravated at least in part by Moraxella infection,
specifically M. catarrhalis, and includes such disorders as

otitis media, respiratory infection, sinusitus and
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pneumonia. Preferred vaccines and pharmaceutical
compositions include those formulated for in vivo
administration to an animal, preferably a human, to confer
protection or treatment against disease caused by M.
catarrhalis. Also preferred are compositions formulated as a

microparticle, capsule, or liposome.

As used herein, a vaccine vector expresses one or
several polypeptides or derivatives of the invention. The
vaccine vector may express additionally a cytokine, such as
interleukin-2 (IL-2) or interleukin-12 (IL-12), that
enhances the immune response (adjuvant effect). It is
understood that each of the components to be expressed is
placed under the control of elements required for expression

in a mammalian cell.

The inﬁenﬁipn also prdVidéé‘a composition
comﬁrising gseveral &accine vectors,-each of them cépablé"of'
expressing a polypeptide or derivative of the invention.

The composition may also comprise a vaccine vector capable
of expressing an additional Moraxella antigen, or a subunit,
fragment, homolog, mutant, or derivative thereof; optionally

together with or a cytokine such as IL-2 or IL-12.

A general principle is that recognition of a
particular antigen is not in itself sufficient to produce an
effective immune response. In some cases, a cell-mediated

response is appropriate; in others, antibody.

Antigens of microorganisms vary considerably in
their accessibility to cells of the immune system. Antigens
which normally occur inside a pathogen may become accessible
only when the pathogen or an infected cell is killed. Even
antigens expressed at the cell surface may present only a
limited range of their potential epitopes for antibody

binding, depending on their orientation in the membrane.
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Protective structures, such as bacterial capsulesg, further

limit the effective recognition of epitopes.

A distinction should be drawn between the overall
composition of the immune response, those components of it
which are important in the resolution of infection and the
components which are responsible for the prevention of re-
infection. In many cases, particular elements of the immune
response are critically important; for example, cell-
mediated immunity in leprosy. Even when considering a
particular effector system, the response directed against
some antigens is often much more effective than the
responses to others. Immune responses to particular
microbial antigens have different degrees of relevance to
anti-microbial immunity, depending on the nature of the
organism, it pathogenicity and the nature of the immune

response it initiates.

The primary effectors against extracellular
pathogens are antibody and complement. Binding of antibody
to receptors on the pathogen can prevent it from attaching
to its target cell. Antibody alone, or more effectively in
association with complement, opsonizes pathogens for uptake
by phagocytes expressing Fc receptors and complement
receptors CR1 and CR3. Usually this will lead to
intracellular destruction of the pathogen but if the
phagocyte is unable to destroy it and is a facultative host
cell, then antibody may actually promote the spread of
infection. Such an eventuality, however, depends on the
dynamic balance between the actions of the humoral and cell-

mediated ilmmune responses.

Sometimes effective antibodies must be of the
right class to activate appropriate effectors. The

important antigens are those involved in evasion of immune
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effector mechanisms; that is, pili, fimbriae and capsular
antigens which constitute the major antigens of the outer
layer of bacteria. Often epitope specificity is important,
since it determines whether complement is deposited in a
position to damage the outer membrane. There are also
numerous protein antigens which can induce an antibody
response; however, although the antibody response is partly
species-specific and may be diagnostically useful, it is
largely irrelevant to immunity. This is most obvious in
lepromatous leprosy, where the patients have weak cell-
mediated immunity, high levels of specific antibody and

tissues heavily infected with bacteria.

In some cases, a particular type of antibody
response is mandatory for clearance of the pathogen. This
is true of many bacterial infections, where specific
antibodies to surface ahtigenshafé neceéséiy fo neutralize
the bacterial‘deféhées and ééé;nizébfhé Eactériakfdr »

phagocytes.

There are also cases where responses to individual
antigens are essential for host immunity. The simplest
examples are the toxins produced by the causative agents of
diphtheria, tetanus and clostridial enteritis. The damage
produced directly by the infectious agent in these diseases
is slight by comparison with that produced by the secreted
toxins. Consequently, protection against these conditions
involves immunization to toxoids. Nevertheless, the immune
system must still eradicate the primary site of the
bacterial infection if the disease is to be resolved. The
target antigens for bactericidal antibodies are extremely
diverse and include LPS, capsular polysaccharides and other
outer membrane proteins. Virulence factors can also provide

good immunogens in a vaccine.
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Vaccination methods for treating or preventing
infection in a mammal comprises use of a vaccine vector of
the invention to be administered by any conventional route,
particularly to a mucosal (e.g., ocular, intranasal, oral,
gastric, pulmonary, intestinal, rectal, vaginal, or urinary
tract) surface or via the parenteral (e.g., subcutaneous,
intradermal, intramuscular, intravenous, or intraperitoneal)
route. Preferred routes depend upon the choice of the
vaccine vector. Treatment may be effected in a single dose
or repeated at intervals. The appropriate dosage depends on
various parameters understood by skilled artisans such as
the vaccine vector itself, the route of administration or
the condition of the mammal to be vaccinated (weight, age

and the like).

Live vaccine vectors available in the art include
viral vectors such as adenoviruse, alphaviruses and
poxviruses as well as bacterial vectors, e.g., Shigella,
Salmonella, Vibrio cholerae, Lactobacillus, Bacille bilié de

Calmette-Guérin (BCG), and Streptococcus.

An example of an adenovirus vector, as well as a
method for constructing an adenovirus vector capable.of
expressing a DNA molecule of the invention, are described in
U.S. Patent No. 4,920,209. Poxvirus vectors include
vaccinia and canary pox virus, described in U.S. Patent No.
4,722,848 and U.S. Patent No. 5,364,773, respectively.
Poxvirus vectors capable of expressing a polynucleotide of
the invention are obtained by homologous recombination so
that the polynucleotide of the invention is inserted in the
viral genome under appropriate conditions for expression in
mammalian cells. Generally, the dose of vaccine viral
vector, for therapeutic or prophylactic use, can be of from
about 1x10* to about 1x10%, advantageously from about 1x10’

to about 1x10'°, preferably of from about 1x10’ to about 1x10°
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plague-forming units per kilogram. Preferably, viral
vectors are administered parenterally; for example, in 3
doses, 4 weeks apart. It is preferable to avoid adding a
chemical adjuvant to a composition containing a viral vector
of the invention and thereby minimizing the immune response

to the viral vector itself.

Non-toxicogenic Vibrio cholerae mutant strains
that are useful as a live oral vaccine are known. U.S.
Patent No. 4,882,278 describes strains which have a
substantial amount of the coding sequence of each of the two
ctxA alleles deleted so that no functional cholerae toxin is
produced. WO 92/11354 describes a strain in which the irga
locus is inactivated by mutation; this mutation can be

combined in a single strain with ctxA mutations. WO

- 94/01533 describes-a deletion mutant lacking. functional ctxA

and attRS1 DNA~sequences.u.These mutant%strains are -.
genetically engineered to express heterologous antigens, as
described in WO 94/19482. An effective vaccine dose of a
Vibrio cholerae strain capable of expressing a polypeptide
or polypeptide derivative encoded by a DNA molecule of the
invention contains about 1x10° to about 1x10°, preferably
about 1x10° to about 1x10%, viable bacteria in a volume
appropriate for the selected route of administration.
Preferred routes of administration include all mucosal
routes; most preferably, these vectors are administered

intranasally or orally.

Attenuated Salmonella typhimurium strains,
genetically engineered for recombinant expression of
heterologous antigens or not, and their use as oral vaccines
are described in WO 92/11361. Preferred routes of
administration include all mucosal routes; most preferably,

these vectors are administered intranasally or orally.
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Other bacterial strains used as vaccine vectors in
the context of the present invention are described for
Shigella flexneri in High et al., EMBO (1992) 11:1991 and
Sizemore et al., Science (1995) 270:299; for Streptococcus
gordonii in Medaglini et al., Proc. Natl. Acad. Sci. USA
(1995) 92:6868; and for Bacille Calmette Guerin in Flynn
J.L., Cell. Mol. Biol. (1994) 40 (suppl. I):31, WO 88/06626,
WO 90/00594, WO 91/13157, WO 92/01796, and WO 92/21376.

In bacterial vectors, the polynucleotide of the
invention is inserted into the bacterial genome or remains

in a free state as part of a plasmid.

The composition comprising a vaccine bacterial
vector of the present invention may further contain an
adjuvant, preferably an adjuvant appropriate for human or
veterinary use and which preferably excludes rodent-specific
adjuvants. A number of adjuvants are known to those skilled
in the art. Preferred adjuvants are selected as provided

below.

Accordingly, another aspect of the invention
provides (i) a composition comprising a polynucleotide of
the invention, together with a diluent or carrier; (ii) a
pharmaceutical composition comprising a therapeutically or
prophylactically effective amount of a polynucleotide of the
invention; (iii) a method for inducing an immune response
against Moraxella in a mammal, particularly a mammal
susceptible to infection with Moraxella, specifically M.
catarrhalis, by administration of an immunogenically
effective amount of a polynucleotide of the invention to
eliciﬁ a protective immune response to Moraxella; and, (iv)
a method for preventing and/or treating a Moraxella

infection, by administering a prophylactic or therapeutic
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amount of a polynucleotide of the invention to an infected

individual.

Additionally, the invention encompasses the use of
a polynucleotide of the invention in the preparation of a
medicament for preventing and/or treating Moraxella
infection. A preferred use includes the use of a DNA
molecule placed under conditions for expression in a
mammalian cell, especially in a plasmid that is unable to
replicate in mammalian cells and to substantially integrate

in a mammalian genome.

In one embodiment, the polynucleotide, composition
or treatment is free of adjuvant, specifically adjuvants
commonly or specifically used in rodents. The
polynucleotlde, comp051tlon or treatment may be used to
treat dlsorders whose symptoms are caused or aggravated at
least in part by Moraxellamrnfeqtlen,_speq;flcallz
M. catarrhalis, and includes euch disorders ag otitis media,
respiratory infection, sinusitus and pneumonia. Preferred
polynucleotide compositions include those formulated for in
vivo administration to an animal, preferably a human, to
confer protection or treatment against disease caused by M.
catarrhalis. Also preferred are compositions formulated as a

microparticle, capsule, or liposome.

Use of the polynucleotides of the invention
include their administration to a mammal as a vaccine, for
therapeutic or prophylactic purposes. Such polynucleotides
are used in the form of DNA as part of a plasmid that is
unable to replicate in a mammalian cell and unable to
integrate into the mammalian genome. Typically, such a DNA
molecule is placed under the control of a promoter suitable
for expression in a mammalian cell. The promoter functions

either ubiquitously or tissue-specifically. Exampleg of
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non-tissue specific promoters include the early
Cytomegalovirus (CMV) promoter (described in U.S. Patent
No. 4,168,062) and the Rous Sarcoma Virus promoter
(described in Norton & Coffin, Molec. Cell Biol. (1985)
5:281). An example of a tissue-specific promoter is the
desmin promoter which drives expression in muscle cells (Li
et al., Gene (1989) 78:243 and Li & Paulin, J. Biol. Chem.
(1993) 268:10403). Usge of promoters is well-known to those
skilled in the art. Useful vectors are described in

numerous publications, specifically WO 94/21797.

In one embodiment, polynucleotides of the
invention which are used as vaccines encode either a
precursor or a mature form of the corresponding polypeptide.
In the precursor form, the signal peptide is either
homologous or heterologous. In the latter case, a
eucaryotic leader sequence such as the leader sequence of

the tissue-type plasminogen factor (tPA) is preferred.

As used herein, a composition of the invention
contains one or several polynucleotides with optionally at
least one additional polynucleotide encoding another
Moraxella antigen or a fragment, derivative, mutant, or
analog thereof. The composition may also contain an
additional polynucleotide encoding a cytokine, such as
interleukin-2 (IL-2) or interleukin-12 (IL-12) so that the
immune response is enhanced. These additional
polynucleotides are placed under appropriate control for
expression. Advantageously, DNA molecules of the invention
and/or additional DNA molecules to be included in the same

composition, are present in the same plasmid.

Standard techniques of molecular biology for
preparing and purifying polynucleotides are used in the

preparation of polynucleotide therapeutics of the invention.
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For use as a vaccine, a polynucleotide of the invention is

formulated according to various methods outlined below.

One method utililizes the polynucleotide in a
naked form, free of any delivery vehicles. Such a
polynucleotide is simply diluted in a physiologically
acceptable solution such as sterile saline or sterile
buffered saline, with or without a carrier. When present,
the carrier preferably is isotonic, hypotonic, or weakly
hypertonic, and has a relatively low ionic strength, such as
provided by a sucrose solution, e.g., a solution containing

20% sucrose.

An alternative method utilizes the polynucleotide
in association with agents that assist in cellular uptake.
Examples of such agents are (i) chemicals that modify
cellular permeability, such aé.ﬁupiv§ééine‘(see; e.gv, ~
Wb 94/167375,?(ii)*liposomes fof‘encapsulation of the
polynucleotide, or (iii) cationic lipids or silica, gold, or

tungsten microparticles which associate themselves with the

polynucleotides.

Anionic and neutral liposomes are well-known in
the art (see, e.g., Liposomes: A Practical Approach, RPC New
Ed, IRL press (1990), for a detailed description of methods
for making liposomes) and are useful for delivering a large

range of products, including polynucleotides.

Cationic lipids are also known in the art and are
commonly used for gene delivery. Such lipids include
Lipofectin™ also known as DOTMA (N-[1-(2,3-
dioleyloxy)propyll -N,N,N-trimethylammonium chloride), DOTAP
(1,2-bis(oleyloxy) -3- (trimethylammonio)propane), DDAB
(dimethyldioctadecylammonium bromide), DOGS
(dioctadecylamidologlycyl spermine) and cholesterol

derivatives such as DC-Chol (3 beta- (N-(N',6 N'-dimethyl
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aminomethane) -carbamoyl) cholesterol). A description of
these cationic lipids can be found in EP 187,702,

WO 90/11092, U.S. Patent No. 5,283,185, WO 91/15501,

WO 95/26356, and U.S. Patent No. 5,527,928. Cationic lipids
for gene delivery are preferably used in association with a'
neutral lipid such as DOPE (diocleyl
phosphatidylethanolamine), as described in WO 90/11092 as an

example.

Formulation containing cationic liposomes may
optionally contain other transfection-facilitating
compounds. A number of them are described in WO 93/18759,
WO 93/19768, WO 94/25608, and WO 95/02397. They include
spermine derivatives useful for facilitating the transport
of DNA through the nuclear membrane (see, for example,

WO 93/18759) and membrane-permeabilizing compounds such as
GALA, Gramicidine S, and cationic bile salts (see, for

example, WO 93/19768).

Gold or tungsten microparticles are used for gene
delivery, as described in WO 91/00359, WO 93/17706, and
Tang et al. Nature (1992) 356:152. The microparticle-coated
polynucleotide is injected via intradermal or intraepidermal
routes using a needleless injection device ("gene gun'"),
gsuch as those described in U.S. Patent No. 4,945,050, U.S.
Patent No. 5,015,580, and WO 94/24263.

The amount of DNA to be used in a vaccine
recipient depends, e.g., on the strength of the promoter
used in the DNA construct, the immunogenicity of the
expressed gene product, the condition of the mammal intended
for administration (e.g., the weight, age, and general
health of the mammal), the mode of administration, and the
type of formulation. 1In general, a therapeutically or

prophylactically effective dose from about 1 pg to about
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1 mg, preferably, from about 10 pg to about 800 pg and, more
preferably, from about 25 ug to about 250 ug, can be
administered to human adults. The administration can be

achieved in a single dose or repeated at intervals.

The route of administration is any conventional
route used in the vaccine field. As general guidance, a
polynucleotide of the invention is administered via a
mucosal surface, e.g., an ocular, intranasal, pulmonary,
oral, intestinal, rectal, vaginal, and urinary tract
surface; or via a parenteral route, e.g., by an intravenous,
subcutaneous, intraperitoneal, intradermal, intraepidermal,
or intramuscular route. The choice of administration route
depends on the formulation that is selected. A
polynucleotide formulated in association with bupivacaine is
advantageously administered into muscles. When a neutral or
anionic liposome or a cationic 11p1d such as DOTMA or DC—
Chol, is used, the formulatlon can be advantageously
injected via intravenous, intranasal (aerosolization),
intramuscular, intradermal, and subcutaneous routes. A
polynucleotide in a naked form can advantageously be
administered via the intramuscular, intradermal, or sub-

cutaneous routes.

Although not absolutely required, such a
composition can also contain an adjuvant. If so, a systemic
adjuvant that does not require concomitant administration in
order to exhibit an adjuvant effect is preferable such as,

e.g., 0821, which is described in U.S. Patent No. 5,057,546.

The sequence information provided in the present
application enables the design of specific nucleotide probes
and primers that are used for diagnostic purposes.
Accordingly, another aspect of the invention provides a

nucleotide probe or primer having a sequence found in or



10

15

20

25

30

WO 02/18595 PCT/CA01/01221

54

derived by degeneracy of the genetic code from a sequence
shown in any one of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15,
17, 19, 21, 23, 25, 27 29, 31 33, 35, 37, 39, 41, 43, 45,
47, 49, 51 and 53, or from a corresponding homologous

sequence.

The term "probe" as used in the present
application refers to DNA (preferably single stranded) or
RNA molecules (or modifications or combinations thereof)
that hybridize under the stringent conditions, as defined
above, to nucleic acid molecules having any one of SEQ ID
NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29,
31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51 and 53 or to their
corresponding homologous, complementary or anti-sense-
sequences. Generally, probes are significantly shorter than
full-length sequences. Such probes contain from about 5 to
about 100, (for example, 10, 12, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60 ... and so forth), preferably from about 10 to
about 80, nucleotides. 1In particular, probes have sequences
that are at least 75% (for example at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%), and preferably at least 95%
homologous to a portion of any one of SEQ ID NOs: 1, 3, 5,

7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37,
39, 41, 43, 45, 47, 49, 51 and 53. Probes may also have
sequences that are complementary to such sequences and
portions. Probeg may contain modified bases such as
inosine, methyl-5-deoxycytidine, deoxyuridine,
dimethylamino-5-deoxyuridine, or diamino-2, 6-purine. Sugar
or phosphate residues may also be modified or substituted.
For example, a deoxyribose residue may be replaced by a
polyamide (Nielsen et al., Science (1991) 254:1497) and
phosphate residues may be replaced by ester groups such as
diphosphate, alkyl, arylphogphonate and phosphorothioate
esters. In addition, the 2'-hydroxyl group on
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ribonucleotides may be modified by including such groups as

alkyl groups.

Probes of the invention are used in diagnostic
tests, as capture or detection probes. Such capture probes
are conventionally immobilized on a solid support, directly
or indirectly, by covalent means or by passive adsorption.

A detection probe is labelled by a detection marker selected
from: radioactive isotopes, enzymes such as peroxidase,
alkaline phosphatase, and enzymes able to hydrolyze a
chromogenic, fluorogenic, or luminescent substrate,
compounds that are chromogenic, fluorogenic, or luminescent,

nucleotide base analogs, and biotin.

Probes of the invention are used in any
conventional. hybridization technique,. such as dot blot
(Maniatis et al., Molecular Cléning: A Laboratory Manual
(1982) Cold Spring Harbor Laboraféfy Préés, Cold Spring‘
Harbor, New York), Southern blot, northern blot, or the
sandwich technique (Dunn et al., Cell (1977) 12:23). The
latter technique involves the use of a specific capture
probe and/or a specific detection probe with nucleotide

sequences that at least partially differ from each other.

A primer is a probe of usually about 10 to about
40 nucleotides (for example, 11, 12, 13, 14, 15, 17, 20, 25,
30 or 35 nucleotides) that is used to initiate enzymatic
polymerization of DNA in an amplification process (e.g.,
PCR), in an elongation process, or in a reverse
transcription method. Primers used in diagnostic methods

involving PCR are labeled by methods known in the art.

As described herein, the invention also
encompasses (i) a reagent comprising a probe of the
invention for detecting and/or identifying the presence of

Moraxella in a biological material; (ii) a method for
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detecting and/or identifying the presence of Moraxella in a
biological material. In one embodiment, the detecting or
identifying method involves the following steps: (a) a
sample is recovered or derived from the biological material,
(b) DNA or RNA is extracted from the material and denatured,
and (c) exposed to a probe of the invention, for example, a
capture, detection probe or both, under stringent
hybridization conditions, such that hybridization is
detected. In another embodiment, the detecting or
identifying method involves the following steps: (a) a
sample is recovered or derived from the biological material,
(b) DNA is extracted therefrom, (c) the extracted DNA is
primed with at least one, and preferably two, primers of the
invention and amplified by polymerase chain reaction, and

(d) the amplified DNA fragment is produced.

Tt is apparent that disclosure of polynucleotide
sequences of any one of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13,
i5, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37, 39, 41, 43,
45, 47, 49, 51 and 53, their homologs and partial sequences
enable their corresponding amino acid sequences.
Accordingly, the invention also encompasses substantially
purified polypeptides or polypeptide derivatives having an
amino acid sequence encoded by a polynucleotide of the

invention.

A "gubstantially purified polypeptide" as used
herein is defined as a polypeptide that is separated from
the environment in which it naturally occurs and/or that is
free of the majority of the polypeptides that are present in
the environment in which it was synthesized. For example, a
substantially purified polypeptide is free from cytoplasmic
polypeptides. One band among a number of bands on an SDS-
PAGE gel, for example, would not constitute a "substantially

purified polypeptide" since the gel sample contains a number
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of polypeptide species. Those skilled in the art would
readily understand that the polypeptides of the invention
may be purified from a natural source, i.e., a Moraxella

strain, or produced by recombinant means.

The invention encompasses polypeptides, homologs
or fragments which are modified or treated to enhance their
immunogenicity in the target animal, in whom the
polypeptide, homolog or fragments are intended to confer
protection against Moraxella. Such modifications or
treatments include: amino acid substitutions with an amino
acid derivative such as 3-methylhistidine, 4-hydroxyproline,
5-hydroxylysine etc., modifications or deletions which are
carried out after preparation of the polypeptide, homolog or
fragment, such as the modification of free amino, carboxyl

or”h?droxyl.sidé‘groups“oﬁ the”amino acids.

Identification of.homolégéus‘potiéptides~or
polypeptide derivatives or fragments which have specific
antigenicity is achieved by screening for cross-reactivity
with an antiserum raised against the polypeptide of
reference having an amino acid sequence corresponding to any
one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52
and 54. The procedure is as follows: a monospecific
hyperimmune antiserum is raised against a purified reference
polypeptide, a fusion polypeptide (for example, an
expression product of MBP, GST, or His-tag systems, the
description and instructions for use of which are contained
in Invitrogen product manuals for pcDNA3.1l/Myc-His(+) A, B,
and C and for the Xpress™ System Protein Purification), or a
synthetic peptide predicted to be antigenic. Where an
antiserﬁm is raised against a fusion polypeptide, two
different fusion systems are employed. Specific

antigenicity can be determined according to a number of
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methods, including Western blot (Towbin et al., Proc. Natl.
Acad. Sci. USA (1979) 76:4350), dot blot, and ELISA, as

described below.

In a Western blot assay, the product to be
screened, either as a purified preparation or a total E.
coli extract, is submitted to SDS-Page electrophoresis as
described by Laemmli (Nature (1970) 227:680). After
transfer to a nitrocellulose membrane, the material is
further incubated with the monospecific hyperimmune
antiserum diluted in the range of dilutions from about 1:5
to about 1:5000, preferably from about 1:100 to about 1:500.
Specific antigenicity is shown once a band corresponding to
the product exhibits reactivity at any of the dilutions in

the above range.

In an ELISA assay, the product to be screened is
preferably used as the coating antigen. A purified
preparation is preferred, although a whole cell extract can
also be used. Briefly, about 100 -yl of a preparation at
about 10 pg protein/ml are distributed into wells of a 96-
well polycarbonate ELISA plate. The plate is incubated for
2 hours at 37°C then overnight at 4°C. The plate is washed
with phosphate buffer saline (PBS) containing 0.05% Tween 20
(PBS/Tween buffer). The wells are saturated with 250 ul PBS
containing 1% bovine serum albumin (BSA) to prevent non-
specific antibody binding. After 1 hour incubation at 37°C,
the plate is washed with PBS/Tween buffer. The antiserum is
serially diluted in PBS/Tween buffer containing 0.5% BSA.
100 pl of dilutions are added per well. The plate is
incubated for 90 minutes at 37°C, washed and evaluated
according to standard procedures. For example, a goat anti-
rabbit peroxidase conjugate is added to the wells when
specific antibodies were raised in rabbits. Incubation is

carried out for 90 minutes at 37°C and the plate is washed.
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The reaction is developed with the appropriate substrate and
the reaction is measured by colorimetry (absorbance measured
spectrophotometrically). Under the above experimental
conditions, a positive reaction is shown by 0.D. values

greater than a non immune control serum.

In a dot blot assay, a purified product is
preferred, although a whole cell extract can also be used.
Briefly, a solution of the product at about 100 pg/ml is
serially two-fold diluted in 50 mM Tris-HCl (pH 7.5).

100 pl of each dilution are applied to a nitrocellulose
membrane 0.45 um set in a 96-well dot blot apparatus
(Biorad). The buffer is removed by applying vacuum to the
system. Wells are washed by addition of 50 mM Tris-HCl

(pH 7.5) and the membrane is air-dried. The membrane is
saturated in-blocking;buffer<j59gmeTris~HC1A(pHﬁ7:5)~Ob15-M
NaCl, 10 g/Ltskim milk) and incubétgd'with an aﬁtiserum_’
dilution from about 1:50 to éboutll:sooo, préferably about
1:500. The reaction is revealed according to standard
procedures. For example, a goat anti-rabbit peroxidase
conjugate is added to the wells when rabbit antibodies are
used. Incubation is carried out 90 minutes at 37°C and the
blot is washed. The reaction is developed with the
appropriate substrate and stopped. The reaction is measured
visually by the appearance of a colored spot, e.g., by
colorimetry. Under the above experimental conditions, a
positive reaction is shown once a colored spot is associated
with a dilution of at least about 1:5, preferably of at
least about 1:500.

Therapeutic or prophylactic efficacy of a
polypeptide or derivative of the invention can be evaluated
as described below. Another aspect of the invention
provides (i) a composition comprising a polypeptide of the

invention together with a diluent or carrier; specifically
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(ii) a pharmaceutical composition containing a
therapeutically or prophylactically effective amount of a
polypeptide of the invention; (iii) a method for inducing an
immune response against Moraxella in a mammal, by
administering to the mammal an immunogenically effective
amount of a polypeptide of the invention to elicit a
protective immune response to Moraxella; and particularly,
(iv) a method for preventing and/or treating a Moraxella
infection, by administering a prophylactic or therapeutic
amount of a polypeptide of the invention to an infected
individual. Additionally, the invention encompasses the use
of a polypeptide of the invention in the preparation of a
medicament for preventing and/or treating Moraxella

infection.

In one embodiment, the polypeptide, composition or
treatment is free of adjuvant, specifically adjuvants
commonly or specifically used in rodents. The polypeptide,
composition or treatment may be used to treat disorders
whose symptoms are caused or aggravated at least in part by
Moraxella infection, specifically M. catarrhalis, and
includes such disorders as otitis media, respiratory
infection, sinusitus and pneumonia. Preferred polypeptide
compositions include those formulated for in vivo
administration to an animal, preferably a human, to confer
protection or treatment against disease caused by M.
catarrhalis. Also preferred are compositions formulated as a

microparticle, capsule, or liposome.

As used herein, the immunogenic compositions of
the invention are administered by conventional routes known
the vaccine field, in particular to a mucosal (e.g., ocular,
intranasal, pulmonary, oral, gastric, intestinal, rectal,
vaginal, or urinary tract) surface or via the parenteral

(e.g., subcutaneous, intradermal, intramuscular,
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intravenous, or intraperitoneal) route. The choice of
administration route depends upon a number of parameters,
such as the adjuvant associated with the polypeptide. 1If a
mucosal adjuvant is used, the intranasal or oral route is
preferred. If a lipid formulation or an aluminum compound
is used, the parenteral route is preferred with the sub-
cutaneous or intramuscular route being most preferred. The
choice also depends upon the nature of the vaccine agent.
For example, a polypeptide of the invention fused to CTB or

LTB is best administered to a mucosal surface.

As used herein, the composition of the invention
contains one or several polypeptides or derivatives of the
invention. The composition optionally contains at least one
additional Moraxella antigen, or a subunit, fragment,

homolog, mutant, or.derivative thereof.:

For use in a composition &f the invention, in one’
embodiment a polypeptide or derivative thereof is formulated
into or with liposomes, preferably neutral or anionic
liposomes, microspheres, ISCOMS, or virus-like-particles
(VLPs) to facilitate delivery and/or enhance the immune
response. These compounds are readily available to one
skilled in the art; for example, see Liposomes: A Practical

Approach, RCP New Ed, IRL press (1990).

In one embodiment, adjuvants other than liposomes
and the like are alsgo used and are known in the art.
Adjuvants may protect the antigen from rapid dispersal by
sequestering it in a local deposit, or they may contain
substances that stimulate the host to secrete factors that
are chemotactic for macrophages and other components of the
immune system. An appropriate selection can conventionally
be made by those skilled in the art, for example, from those

described below.
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Treatment is achieved in a single dose or repeated
as necessary at intervals, as can be determined readily by
one gkilled in the art. For example, a priming dose is
followed by three booster doses at weekly or monthly
intervals. An appropriate dose depends on various
parameters including the recipient (e.g., adult or infant),
the particular vaccine antigen, the route and frequency of
administration, the presence/absence or type of adjuvant,
and the desired effect (e.g., protection and/or treatment),
as can be determined by one skilled in the art. In general,
a vaccine antigen of the invention is administered by a
mucosal route in an amount from about 10 ug to about 500 mg,
preferably from about 1 mg to about 200 mg. For the
parenteral route of administration, the dose usually does

not exceed about 1 mg, preferably about 100 ug.

When used as vaccine agents, polynucleotides and
polypeptides of the invention may be used sequentially as
part of a multistep immunization process. For example, a
mammal is initially primed with a vaccine vector of the
invention such as a pox virus, e.g., via the parenteral
route, and then boosted twice with the polypeptide encoded
by the vaccine vector, e.g., via the mucosal route. 1In
another example, liposomes associated with a polypeptide or
derivative of the invention is also used for priming, with
boosting being carried out mucosally using a soluble
polypeptide or derivative of the invention in combination

with a mucosal adjuvant (e.g., LT).

A polypeptide derivative of the invention is also
useful as a diagnostic reagent for detecting the presence of
anti-Moraxella antibodies, e.g., in a blood sample. Such
polypeptides are about 5 to about 80 amino acids, (for
example, 10, 12, 15, 17, 20, 25, 30 ... and so forth up to

75 amino acids), and are preferably about 10 to about 50



10

15

20

25

30

WO 02/18595 PCT/CA01/01221
63

amino acids in length. They are either labeled or
unlabeled, depending upon the diagnostic method. Diagnostic

methods involving such a reagent are described below.

Upon expression of a DNA molecule of the
invention, a polypeptide or polypeptide derivative is
produced and purified using known laboratory techniques. As
described above, the polypeptide or polypeptide derivative
may be produced as a fusion protein containing a fused tail
that facilitates purification. The fusion product is used
to immunize a small mammal, e.g., a mouse or a rabbit, in
order to raise antibodies against the polypeptide or
polypeptide derivative (monospecific antibodies).
Accordingly, the invention also provides a monospecific
antibody that binds to a polypeptide or polypeptide

derivative of the invention.

By "monospecific antibody" is meant an antibody
that is capable of reacting with a unique naturally-
occurring Moraxella polypeptide. An antibody of the
invention is either polyclonal or monoclonal. Monospecific
antibodies may be recombinant, e.g., chimeric (e.g.,
constituted by a variable region of murine origin associated
with a human constant region), humanized (a human
immunoglobulin constant backbone together with hypervariable
region of animal, e.g., murine, origin), and/or single
chain. Both polyclonal and monospecific antibodies may also
be in the form of immunoglobulin fragments, e.g., F(ab)'2 or
Fab fragments. The antibodies of the invention are of any
isotype, e.g., IgG or IgA, and polyclonal antibodies are of

a single isotype or a mixture of isotypes.

Antibodies against the polypeptides, homologs or .
fragments of the present invention are generated by

immunization of a mammal with a composition comprising said



10

15

20

25

30

WO 02/18595 PCT/CA01/01221

64

polypeptide, homolog or fragment. Such antibodies may be
polyclonal or monoclonal. Methods to produce polyclonal or
monoclonal antibodies are well known in the art. For a
review, see Antibodies, A Laboratory Manual, Cold Spring
Harbor Laboratory, Eds. E. Harlow and D. Lane (1988), and
D.E. Yelton et al., 1981. Ann. Rev. Biochem. 50:657-680.
For monoclonal antibodies, see Kohler & Milstein (1975)

Nature 256:495-497.

The antibodies of the invention, which are raised
to a polypeptide or polypeptide derivative of the invention,
are produced and identified using standard immunological
assays, e.g., Western blot analysis, dot blot assay, or
ELISA (Sambrook, J.E.F. et. al. (1989) Molecular Cloning a
Laboratory Manual 2™ ed. Cold Spring Harbor Laboratory
Press, Cold Sprlng Harbor N.Y.). The antibodieg are used in
dlagnostlc methods to detect the presence of a Moraxella
antlgen in a sample, such as a biological sample. The
antibodies are also used in affinity chromatography for
purifying a polypeptide or polypeptide derivative of the
invention. As is discussed further below, such antibodies
may be used in prophylactic and therapeutic passive

immunization methods.

Accordingly, the invention also provides (i) a
reagent for detecting the presence of Moraxella in a
biological sample that contains an antibody, polypeptide, or
polypeptide derivative of the invention; and (ii) a
diagnostic method for detecting the presence of Moraxella in
a biological sample, by contacting the biological sample
with an antibody, a polypeptide, or a polypeptide derivative
of the invention, such that an immune complex is formed, and
by detecting such complex to indicate the presence of
Moraxella in the sample or the organism from which the

sample is derived.
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Those skilled in the art will readily understand
that the immune complex is formed between a component of the
sample and the antibody, polypeptide, or polypeptide
derivative, whichever is used, and that any unbound material
is removed prior to detecting the complex. It is understood
that a polypeptide reagent is useful for detecting the
presence of anti-Moraxella antibodies in a sample, e.g., a -
blood sample, while an antibody of the invention is used for
screening a sample, such as a gastric extract or biopsy, for

the presence of Moraxella polypeptides.

For diagnostic applications, the reagent (i.e.,
the antibody, polypeptide, or polypeptide derivative of the
invention) is either in a free state or immobilized on a
solid support, such as a tube, a bead, or any other
conventional support used in the field. Immobilization is
achieved using direct or indirect means. Direct means
include passive adsorption (non-covalent binding) or
covalent binding between the support and the reagent. By
"indirect means" is meant that an anti-reagent compound that
interacts with a reagent is first attached to the solid
support. For example, if a polypeptide reagent is used, an
antibody that binds to it can serve as an anti-reagent,
provided that it binds to an epitope that is not involved in
the recognition of antibodies in biological samples.
Indirect means may also employ a ligand-receptor system, for
example, where a molecule such as a vitamin is grafted onto
the polypeptide reagent and the corresponding receptor
immobilized on the solid phase. This is illustrated by the
biotin-streptavidin system. Alternatively, a peptide tail
is added chemically or by dgenetic engineering to the reagent
and the grafted or fused product immobilized by passive

adsorption or covalent linkage of the peptide tail.
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Such diagnostic agents may be included in a kit
which also comprises instructions for use. The reagent is
labeled with a detection means which allows for the
detection of the reagent when it is bound to its target.
The detection means may be a fluorescent agent such as
fluorescein isocyanate or fluorescein isothiocyanate, or an
enzyme such as horse radish peroxidase or luciferase or
125I

alkaline phosphatase, or a radiocactive element such as

or S'cr.

Another aspect of the invention provides a process
for purifying, from a biological sample, a polypeptide or
polypeptide derivative of the invention, which involves
carrying out antibody-based affinity chromatography with the
biological sample, wherein the antibody is a monospecific

antibody of the invention.

For use in,a purification process of the -
invenﬁion, the antibody is either polyclonal or
monospecific, and preferably is of the IgG type. Purified
IgGs is prepared from an antiserum using standard methods.
Conventional chromatography supports, as well as standard
methods for grafting antibodies, are described in, e.g.,
Antibodies: A Laboratory Manual, D. Lane, E. Harlow, Eds.
(1988) and outlined below.

Briefly, a biological sample, such as an M.
catarrhalis extract preferably in a buffer solution, is
applied to a chromatography material, preferably
equilibrated with the buffer used to dilute the biological
sample so that the polypeptide or polypeptide derivative of
the invention (i.e., the antigen) is allowed to adsorb onto
the material. The chromatography material, such as a gel or
a resin coupled to an antibody of the invention, is in

either a batch form or a column. The unbound components are
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washed off and the antigen is then eluted with an
appropriate elution buffer, such as a glycine buffer or a
buffer containing a chaotropic agent, e.g9., guanidine HC1,
or high salt concentration (e.g., 3 M MgClz). Eluted
fractions are recovered and the presence of the antigen is

detected, e.g., by measuring the absorbance at 280 nm.

The invention also provides (i) a composition of
matter compriging a monospecific antibody of the invention,
together with a diluent or carrier; (ii) a pharmaceutical
composition comprising a therapeutically or prophylactically
effective amount of a monospecific antibody of the
invention, and (iii) a method for treating or preventing a
Moraxella infection, by administering a therapeutic or
prophylactic amount of a monospecific antibody of the
invention to an infected individual. Additionally, the
invention encompasses the use of a monospecific antibody of
the invention in the preparation of a medicament for

treating or preventing Moraxella infection.

In one embodiment, the monospecific antibody,
composition or treatment may be used to treat disorders
whose symptoms are caused or aggravated at least in part by
Moraxella infection, specifically M. catarrhalis, and
includes such disorders as otitis media, respiratory
infection, sinusitus and pneumonia. Preferred antibody
compositions include those formulated for in vivo
administration to an animal, preferably a human, to confer
protection or treatment against disease caused by M.
catarrhalis. Also preferred are compositions formulated as a

microparticle, capsule, or liposome.

The monospecific antibody is either polyclonal or
monoclonal, preferably of the IgA isotype (predominantly) .

In passive immunization, the antibody is administered to a
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mucosal surface of a mammal, e.g., the gastric mucosa, e.g.,
orally or intragastrically, advantageously, in the presence
of a bicarbonate buffer. Alternatively, systemic
administration, not requiring a bicarbonate buffer, is
carried out. A monospecific antibody of the invention is
administered as a single active component or as a mixture
with at least one monospecific antibody specific for a
different Moraxella polypeptide. The amount of antibody and
the particular regimen used are readily determined by one
skilled in the art. For example, daily administration of
about 100 to 1,000 mg of antibodies over one week, or three
doses per day of about 100 to 1,000 mg of antibodies over

two or three days, are effective regimens for most purposes.

Therapeutic or prophylactic efficacy are evaluated

using standard methods in the art, e.g., by measuring

~induction of a mucosal immune response or induction of -

protective'and/drftherépéutic-immunity]*using, e.g., the M.
catarrhalis bactericidal assay. Those skilled in the art
will readily recognize that the M. catarrhalis strain of the
model may be replaced with another Moraxella strain. For
example, the efficacy of DNA molecules and polypeptides from
M. catarrhalis is preferably evaluated in a model using M.
catarrhalis strain. Protection is determined by comparing
the degree of Moraxella infection to that of a control
group. Protection is shown when infection is reduced by
comparison to the control group. Such an evaluation is made
for polynucleotides, vaccine vectors, polypeptides and

derivatives thereof, as well as antibodies of the invention.

Adjuvants useful in any of the vaccine

compositions described above are as follows.

Adjuvants for parenteral administration include

aluminum compounds, such as aluminum hydroxide, aluminum
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phosphate, and aluminum hydroxy phosphate. The antigen is
precipitated with, or adsorbed onto, the aluminum compound
according to standard protocols. Other adjuvants, such‘as
RIBI (ImmunoChem, Hamilton, MT), are used in parenteral

administration.

Adjuvants for mucosal administration include
bacterial toxins, e.g., the cholera toxin (CT), the E. coli
heat-labile toxin (LT), the Clostridium difficile toxin A
and the pertussis toxin (PT), or combinations, subunits,
toxoids, or mutants thereof such as a purified preparation
of native cholera toxin subunit B (CTB). Fragments,
homologs, derivatives, and fusions to any of these toxins
are also suitable, provided that they retain adjuvant
activity. Preferably, a mutant having reduced toxicity is
used. Suitable mutants are described, e.g., in WO 95/17211
(Arg-7-Lys CT mutant), WO 96/06627 (Arg-192-Gly LT mutant),
and WO 95/34323 (Arg-9-Lys and Glu-129-Gly PT mutant).
Additional LT mutants that are used in the methods and
compositions of the invention include, e.g., Ser-63-Lys,
Ala-69Gly, Glu-110-Asp, and Glu-112-Asp mutants. Other
adjuvants, such as a bacterial monophosphoryl lipid A (MPLA)
of, e.g., E. coli, Salmonella minnesota, Salmonella
typhimurium, or Shigella flexneri; saponinsg, or polylactide
glycolide (PLGA) microspheres, is also be used in mucosal

administration.

Adjuvants useful for both mucosal and parenteral
administrations include polyphosphazene (WO 95/02415), DC-
chol (3 b-(N-(N',N'-dimethyl aminomethane)-carbamoyl)
cholesterol; U.S. Patent No. 5,283,185 and WO 96/14831) and
QS-21 (WO 88/09336).

Any pharmaceutical composition of the invention

containing a polynucleotide, a polypeptide, a polypeptide
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derivative, or an antibody of the invention, is manufactured
in a conventional manner. In particular, it is formulated
with a pharmaceutically acceptable diluent or carrier, e.g.,
water or a saline solution such as phosphate buffer saline.
In general, a diluent or carrier is selected on the basis of
the mode and route of administration, and standard
pharmaceutical practice. Suitable pharmaceutical carriers
or diluents, as well as pharmaceutical necessities for their
use in pharmaceutical formulations, are described in
Remington's Pharmaceutical Sciences, a standard reference

text in this field and in the USP/NF.

The invention also includes methods in which
Moraxella infection are treated by oral administration of a
Moraxella polypeptide of the invention and a mucosal
adjuvant, in combination with an antibiotic, an antacid,

sucralfate, or a combination thereof. Examples of such

compounds that can be administered with the vaCcine:antigen‘
and the adjuvant are antibiotics, including, e.g.,
macrolides, tetracyclines, and derivatives thereof (specific
examples of antibiotics that can be used include
azithromycin or doxicyclin or immunomodulators such as
cytokines or steroids). In addition, compounds containing
more than one of the above-listed components coupled
together, are used. The invention also includes
compositions for carrying out these methods, i.e.,
compositions containing a Moraxella antigen (or antigens) of
the invention, an adjuvant, and one or more of the above-
listed compounds, in a pharmaceutically acceptable carrier

or diluent.
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Amounts of the above-listed compounds used in the
methods and compositions of the invention are readily
determined by one skilled in the art.

Treatment/immunization schedules are also known and readily
designed by one skilled in the art. For example, the non-
vaccine components can be administered on days 1-14, and the
vaccine antigen + adjuvant can be administered on days 7,

14, 21, and 28.

EXAMPLES

The above disclosure generally describes the
present invention. A more complete understanding can be
obtained by reference to the following specific examples.
These examples are described solely for purposes of
illustration and are not intended to limit the scope of the
invention. Changes in form and substitution of equivalents
are contemplated as circumstances may suggest or render
expedient. Although specific terms have been employed
herein, such terms are intended in a descriptive sense and

not for purposes of limitation.

Example 1: Amplification and cloning of Moraxella open

reading frames.

All the open reading frames disclosed were PCR
amplified from the ATCC 43617 strain of Moraxella
catarrhalis. Genomic DNA was obtained from the ATCC
Moraxella strain using standard techniques (Maniatis et al.,
Molecular Cloning: A Laboratory Manual (1982) Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York). PCR
amplification was performed using the 5’ and 3’ primers
shown in Table 1 for each of the open reading frames (ORFs) .

The PCR conditions were standard conditions for primers of
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approximately 40 bases in length (see Table 1). The 5’ ends
of the 5’ primers were synthesized to include an Nde I
restriction site, while the 3’ ends of the 3’ primers
contained an Xho I restriction site. Once the genes have
been amplified, the PCR products were cloned into the
plasmid pCR2.1 (Invitrogen) according to the manufacturer’s

protocol.

The NdeI - Xhol fragment containing the ORF from
PCR2.1 was cloned into the pET-24 (Novogen), which was
previously restricted with NdeI and XhoI. The pET-24 vector
provides the bacteriophage T7 promoter and a C-terminal His;
Tag sequence so that the recombinantly expressed protein has
a His tag which can be used for purification. After the
cloning of each ORF, the 5’ and 3’ DNA sequence was verified
by séQuencing‘these‘eﬁds. The basiC'construction*scheme,is

outlined iﬁTFiguré*SS.“

In some cases it was more convenient to PCR-
amplify the ORF in two parts, a 5’ part and 3’ part. ORFs
amplified in this fashion were then re-assembled by cloning

both parts in-frame into pCR2.1.
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Table 1
Gene Primer Sequence Length| SEQ
ID
NO.
MCA100170 |gggaattcatatgagcaatcaageggacaaagecegeccagoca 43 55
MCA100170 |gggatccctecgaggtttggettggtttttttggettttgecac 43 56
MCA100412 |gggaattcatatgagtccaaaaaccgtacaatacacctge 40 59
MCA100412 |gggatccctegagtecttgggttgecagtttttgaacaaagtttt 43 60
MCA100413 |gggaattcatatgcaagttgaccatgctcaagaagcteatgat 43 61
MCA100413 |gggatccctcgagaagttttgtaacatatctgacattacagec 43 62
MCA100414 |gggaattcatatgtgtgcaaatacaggcacaactggcaatggce 43 63
MCA100414 |gggatccetecgagecataccetgeggtgctaaaatcatecagete 43 64
MCA100800 |gggaattcatatgtgcaaaagcgegattggactgtttgacege 43 69
MCA100800 {gggatccctcgaggegtggtatttgatttaattgtecagegte 43 70
MCA100992 |gggaattcatatgcatatcgatcatgtgtctgttacccaaaca 43 75
MCA100992 |gggatccectcgagtcttaccaatttgggtgtaataaaaatcaa 43 76
MCA101249 |gggaatteatatgcaacttttgtgggecaaagegtateggteat 43 77
MCA101249 |[gggatccctecgagecatatttgccaccaaagactttegtttggg 43 78
MCA101896 |gggaattcatatgtgcagcaatcaatcaaacgaaccagetgee 43 85
MCA101896 [gggatccctcgagecagectttgataacaccatctttaaattyg 43 86
MCA101806 {gggaattcatatgggacgcttaggtgcagattggcaaaaacagt 43 81
MCA101806 [gggatccctcgagaaatgccatttgtgecacccacaaatccace 43 82
MCA101862 |gggaattcatatgtcaaaaaaacccaaaaccacccaagat 40 83
MCA101862 |gggatccctcgagaaaaattcggttecatcccatttaaggeage 43 84
MCA101915 [gggaattcatatgcagattgcaccagacccaaccaaagcaaat 43 87
MCA101915 |gggatccctecgagaaactcaatgetggeactcacacccacgac 43 88
MCA102062 |gggaattcatatgaatttaaaggataagccaaccgtcatttta 43 91
MCA102062 {gggatccectecgagaaatttgaaatttgeccegageataaagtt 43 92
MCA102070 |gggaattcatatggcacctgaattatatggttacgcaaatcett 43 93
MCA102070 [gggatccctcgagaaaatatacagtcgecatagatagttgggtt 43 94
MCA100178 |gggaattcatatgaattatgcgacctactatggcgataaatte 43 57
MCA100178 |gggatccctcgagcaatctectaattgttactttaattttace 43 58
MCA100527 |gggaattcatatgttgacttatgccaaatgeggtgcaacggtt 43 65
MCA100527 |gggatccctecgagagegttttttggttggecaatcaatcacttg 43 66
MCA100854 {gggaattcatatggatcatacggtacgectttaatgcaaccacy 43 71
MCA100854 |gggatccctegaggttttgtgecaacaggtgttggtgeatette 43 72
MCA100889 |gggaattcatatgattaccatcaaaaaaggcttggatctg 40 73
MCA100889 |gggatccctecgaggecttectgetcaatacgggtcaagttate 43 74
MCA101446 |gggaattcatatgaccgataagaccgacgatgttaageca 40 79
MCA101446 |gggatccctecgagattgaaaacagtgatatcaaatatcacact 43 80
MCA101924 |gggaattcatatggttttgatgagtgtttttggtgetggt 40 89
MCA101924 |gggatccectegagaceatgettaagetgacttgggegaaaace 43 90
MCA100712 gggaattcatatgctgaccaaaaaagatgccaaacagett 40 67
MCA100712 gggatccctcgagtagacccatccagtegttaagecataagtee 43 68
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Example 2: Expression and purification of recombinant

proteins from Moraxella.

Once the pET-24 plasmids containing the cloned
ORFs have been verified as containing the correct sequence,
they were introduced into electrocompetent E. coli BL21 (DE3)
cells using a BioRad electroporator. The resulting
recombinant E. coli strains were then grown for protein
expression. A representative isolated colony that expressed
the recombinant protein as judged by expression on an SDS-
PAGE gel, was then picked for large-scale growth for protein
purification. To express the recombinant proteins, the
transformed E. coli cells were grown at 37°C in appropriate
media (i.e. NZCYM) with the appropriate antibiotic (i.e.
Kanamycin) to an absorbance at 578nm of approximately 0.3

(As78) , before inducing expression. For induction, lactose

‘was,éaded-ia;aﬁfinal concentration of 1% and the celis were

allowed to grow for another 4 hours.

For protein purification studies, 500 ml cultures

~of E. coli were grown as above. The cells were then

harvested by centifugation. Different purification
techniques were used for proteins expressed in a soluble
form or in inclusion bodies. The extraction of M.
catarrhalis antigens involved using Tris-HCl buffer
containing various protease inhibitors. The proteins that
were expressed as inclusion bodies required urea for

solublization as shown below.
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Pellet of E. coli from 500 ml of culture

Added 40 ml of 50 mM Tris-HCl, pH 8.0, containing 1 ug/ml
lysozyme, 1 ug/ml leupeptin, 1 ug/ml pepstatin A, and 2mM
4-(2-aminoethyl)benzensulfonylfluoride (AEBSF)

Leave on ice for 30 min
l Sonicate for 3 min x 2

Spin at 20 k X g, 30 min

v v

Pellet 1 |Supernatant 1

Resuspended in 10 ml of 0.1 M Na-PO,, pH
8.0, containing 8 M urea

Spin at 20 k X g, 30 min

v v

Pellet 2 ISupernatant 2

The soluble proteins were purified under native
conditions, and insoluble proteins were purified under
denatured conditions. The procedure for purification under
native conditions and denatured conditiong is shown in
Figures 56 and 57, respectively. The procedure from Figure

57 was also used when a Cu'™ HiTrap affinity column was used.

Results from purification of the ORFs are shown in

Table 2.
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Table 2. Summary of purified Moraxella catarrhalis antigens
M.W. Antibodies
Locus ID |SEQ ID Name (kDa) |Solubility| produced
NO.
MCA100170 2 [Major anaercbically 51.2 Soluble Yes
Induced protein
MCA100178 4 |Rare lipoprotein homolog 10.3 |[Inclusion Yes
Body
MCA100412 6 |Adhesin component 10.4 |Inclusion No
Body
MCA100413 8 |Adhesin component 12.8 [Inclusion Yes
Body
MCA100414 10 |Outer membrane protein 21.5 Soluble Yes
MCA100527 12 |Putative oxido-reductase, | 24.1 |Inclusion N/A
Internalin B Body
MCA100564 14 |OprM protein 53.1 |Inclusion Yes
Body
MCA100567 16 |[Collagenase precursor 49.8 |Inclusion Yes
Body
MCA100800 20 |Lipoprotein 37.7 | Soluble Yes
MCA100854 | 22 . |OmpA, OprF ~ 22.2 | Soluble_.| _ Yes
MCA100992 26 |PilQ fimbrial assembly 48.8 |Inclusion| . N/A
Protein " | " Body
MCA101249 28 |Invasion protein 17.4 [Inclusion Yes
Body
MCA101388 30 |Rare lipoprotein A 15.8 |[Inclusion Yes
Body
MCA101446 32 |36 kDa secreted proteiln 42.2 |Inclusion No
Body
MCA101792 38 |Outer membrane protein 20.7 |[Inclusion Yes
Body
MCA101806 40 [Outer membrane esterase 64.3 [Inclusion Yes
Body
MCA101862 42 |[Soluble pyridine 58.3 |Inclusion No
nucleotide Body
transhydrogenase
MCA101896 44 |Putative lipoprotein 27.7 Soluble Yes
adhesin
MCA101915 46 |HecB 73.1 |Inclusion Yes
Body
MCA101976 50 |[Heme receptor 100.6 | Inclusion Yes
Body
MCA102062 52 |ompC, heme receptor 88.9 |Inclusion Yes
Body
MCA102070 54 |Porin 35.8 [Inclusion Yes

Body
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Example 3: Immunogenicity of purified recombinant Moraxella

proteins.

Purified recombinant proteins were used to

generate antibodies to the proteins. Proteins (see Table 3)
from the ORFs of Moraxella catarrhalis were separately used
to immunize guinea pigs. Three to four guinea pigs were
immunized with 5 pg of purified recombinant protein in
complete Freunds adjuvant (CFA). Animals were boosted twice
at two weeks intervals with a further 5 ug of the
recombinant protein in CFA. After the second boost, animals

were bled and the sera were pooled.

Pooled sera were tested using Western blots (see
Figure 59 for examples of blots; not all results shown in

Table 3 are included in Figure 59) under standard

conditions. SDS-PAGE gels were run with lpg of pﬁrified
protein and/or whole-cell lysates from stationary phase and
logrithmic phase Moraxella catarrhalis strain ATCC 43617,
grown in brain heart infusion broth. The SDS-PAGE gels were
transferredto membranes and probed with the pooled rabbit
polyclonal sera. All proteins tested were immunogenic in
rabbits and most were able to recognize the native protein
in whole-cell lysates (see summary of results in Table 3).

The polyclonal anti-sera can also be used to assess

functionality of the antibodies in the antibody-dependent

bactericidal assay, such as described in Yang et al. FEMS

Immunol. Med. Med Microbiol. (1997) 17:187-199.
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Table 3
Antibody binding
Antigen SEQ ID | Purified Stationary Logarithmic
NO. antigen | phase lysate | phase lysate

MCA 100170 2 + + +
MCA 100414 10 + ) + +
MCA 100567 16 + - +
MCA 100854 22 + + +
MCA 101249 28 + - -
MCA 101915 46 + - -
MCA 101976 50 + - +
MCA 100800 20 + + +
MCA 101806 40 + + +
MCA 100178 4 + + +
MCA 100413 | . 8 | =% . |+ ———
MCA 102062 [= 52~ | % 1= o+ o [+
MCA 100564 | 14 Ty + n
MCA 101388 30 + - -
MCA 101792 38 + - -
MCA 101896 44 + + +
MCA 102070 54 + - -

Throughout this application, various references
are referred to in parenthesis to describe more fully the
state of the art to which this invention pertains. The
disclosures of these references are hereby incorporated by

reference into the present disclosure.
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CLAIMS:

1. An isolated nucleic acid molecule comprising a
nucleic acid sequence which encodes a polypeptide selected

from any one of:

(a) SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52 and 54;

(b) a fragment comprising at least 12 consecutive
amino acids from a polypeptide of (a), wherein the fragment
is capable of eliciting an immunogenic response in a mammal

against a bacterium of the Moraxella genus; and

(c) a polypeptide which is at least 75% identical
in amino acid sequence to the corresponding polypeptide of
(a) or (b), and which is capable of eliciting an immunogenic
response in a mammal against a bacterium of the Moraxella

genus.

2. A nucleic acid molecule comprising a nucleic acid

sequence selected from any one of:

(a) SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27 29, 31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51
and 53;

(b) a sequence which encodes a polypeptide encoded
by any one of SEQ ID Nos: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27 29, 31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51
and 53;

(c) a seguence comprising at least 38 comsecutive
nucleotides from any one of the nucleic acid sequences of

(a) and (b); and
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(d) a sequence which encodes a polypeptide which
is at least 75% identical in amino acid sequence to the
polypeptide encoded by any one of SEQ ID NOs: 1, 3, 5, 7, 9,
11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37, 39,
41, 43, 45, 47, 49, 51 and 53.

3. A nucleic acid molecule comprising a nucleic acid
sequence which is complementary to the nucleic acid molecule

of claim 1 or 2.

4. A nucleic acid molecule comprising a nucleic acid
sequence which encodes a fusion protein, said fusion protein
comprising a polypeptide encoded by a nucleic acid molecule

according to claim 1 or 2 and é second polypeptide.

5. The nucleic acid molecule of claim 4 wherein the

second polypeptide is a heterologous signal peptide.

6.  The nucléic dcid molecule of claim 4 wherein the

second polypeptide has adjuvant activity.

7. A nucleic acid molecule according to any one of
claims 1 to 6, operatively linked to one or more expression

control sequences.

8. A host organism comprising an isolated nucleic

acid selected from any one of:

(i) any one of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13,
15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37, 39, 41, 43,
45, 47, 49, 51 and 53;

(ii) a nucleic acid sequence which encodes a
polypeptide encoded by any one of SEQ ID NOs: 1, 3, 5, 7, 9,
i1, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37, 39,
41, 43, 45, 47, 49, 51 and 53;
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(iii) a nucleic acid sequence comprising at least
38 consecutive nucleotides from any one of the nucleic acid

sequences of (i) and (ii);

(iv) a nucleic acid sequence which encodes a
polypeptide which is at least 75% identical in amino acid
sequence to the polypeptide encoded by any one of SEQ ID
NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29;
31 33, 35, 37, 39, 41, 43, 45, 47, 49, 51 and 53;

(v) a nucleic acid sequence which encodes a
polypeptide whose sequence is set forth in any one of SEQ ID
NOs: 2,.4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54;

(vi) a nucleic acid sequence which encodes at
least 12 consecutive amino acids from any one of SEQ ID NOs:
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 48, 50, 52 and 54;

wherein the isolated nucleic acid is capable of being
expressed and wherein the host organism optionally comprises
a second isolated nucleic acid encoding and capable of

expressing an additional polypeptide.

9. The host organism of claim 8 wherein the
polypeptide encoded by the isolated nucleic acid is part of
a fusion protein which further comprises a second

polypeptide.

10. The host organism of claim 9 wherein the second

polypeptide is a heterologous signal peptide.

11. The host organism of claim 9 wherein the second

polypeptide has adjuvant activity.
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12. The host organism of any one of claims 8 to 11
wherein each isolated nucleic acid is operatively linked to

one or more expression control sequences.

13. The host organism of any one of claims 8 to 12
wherein the host further comprises the second isolated
nucleic acid and wherein the additional polypeptide is a

Moraxella polypeptide.

14. The host organism of any one of claims 8 to 13

which is a wvirus.

15. The host organism of claim 14 which is selected

from the group consisting of: adenovirus, alphavirus, and

poxvirus.
16. _.The host organism of claim 15 which is a poxvirus.
17. - - The host organism of ‘claim 16 which'4s a vaccinia

or canary pox virus.

18. The host organism of any one of claims 8 to 13

which is a bacterium.

19. The host organism of claim 18 which is selected
from the group consisting of: E. coli, Shigella, Salmonella,
Vibrio cholerae, Lactobacillus, Bacille bilié de Calmette-

Guérin (BCG), and Streptococcus.

20. The host organism of claim 19 which is a non-

toxicogenic Vibrio cholerae mutant strain.

21. The host organism of claim 19 which is an

attenuated Salmonella typhimurium strain.

22. A pharmaceutical composition comprising a nucleic
acid according to any one of claims 1 to 7 and a

pharmaceutically acceptable carrier.
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23. The composition of claim 22 further comprising a
delivery agent selected from the group consisting of:

bupivacaine, liposome and cationic lipid.

24, The composition of claim 22 or 23 further

comprising an adjuvant.

25. An isolated oligonucleotide of 5 to 100
nucleotides which hybridizes under stringent conditions to
the nucleic acid molecule of any one of SEQ ID NOs: 1, 3, 5,
7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37,
39, 41, 43, 45, 47, 49, 51 and 53, or to a complementary or

anti-sense sequence of said nucleic acid molecule.

26. An isolated oligonucleotide of 10 to 40
nucleotides which hybridizes under stringent conditions to
the nucleic acid molecule of any one of SEQ ID NOs: 1, 3, 5,
7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27 29, 31 33, 35, 37,
39, 41, 43, 45, 47, 49, 51 and 53, or to a complementary or

anti-sense sequence of said nucleic acid molecule.

27. A polypeptide encoded by a nucleic acid sequence

according to any one of claims 1, 2 and 4 to 7.

28. A polypeptide comprising an amino acid sequence

selected from any one of:

(a) SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52 and 54;

(b) a fragment comprising at least 12 consecutive
amino acids from a polypeptide of (a), wherein the fragment
is capable of eliciting an immunogenic response in a mammal

against a bacterium of the Moraxella genus; and
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(c) a polypeptide which is at least 75% identical
in amino acid sequence to the corresponding polypeptide of
(a) or (b), and which is capable of eliciting an immunogenic
response in a mammal against a bacterium of the Moraxella

genus.

29. A fusion protein comprising a polypeptide of claim

27 or 28 and a second polypeptide.

30. The fusion protein of claim 29 wherein the second

polypeptide is a heterologous signal peptide.

31. The fusion protein of claim 29 wherein the second

polypeptide has adjuvant activity.

32. A method for producing a polypeptide of claim 27
Oor 28, or a fusion protein of any one of claims 29 to 31,

comprising the StepAQf‘éulturing the host organism of any

‘one of claims 13 to 21.

33. An antibody against the polypeptide of claim 27 or
28, or against the fusion protein of any one of claims 29 to

31.

34. A pharmaceutical composition comprising the
polypeptide of claim 27 or 28 and a pharmaceutically

acceptable carrier or diluent.

35. The pharmaceutical composition of claim 34 further

comprising an additional Moraxella polypeptide.

36. A pharmaceutical composition comprising the fusion
protein of any one of claims 29 to 31 and a pharmaceutically

acceptable carrier or diluent.

37. A pharmaceutical composition comprising the

antibody of claim 33 and a pharmaceutically acceptable

carrier or diluent.
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38. The composition of any one of claims 34 to 37
further comprising liposomes.
39. The composition of any one of claims 34 to 38

further comprising an adjuvant.

40. A method of detecting Moraxella infection
comprising the step of contacting a body fluid of a mammal

to be tested, with a component selected from any one of:
(a) the nucleic acid of any one of claims 1 to 7;
(b) the probe of claim 25;
(c) the primer of claim 26;
(d) the polypeptide of claim 27 or 28;

(e) the fusion protein of any one of claims 29 to
31; and

(£) the antibody of claim 33.

41. A diagnostic kit comprising instructions for use
in detecting the presence of Moraxella, and a component

selected from any one of:
(a) the nucleic acid of any one of claims 1 to 7;
(b) the probe of claim 25;
(¢) the primer of claim 26;
(d) the polypeptide of claim 27 or 28;

(e) the fusion protein of any one of claims 29 to
31; and

(£) the antibody of claim 33.
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42. A method for generating antibodies specific for
Moraxella, comprising introducing into an animal a

composition compriging any one of:
(a) the nucleic acid of any one of claims 1 to 7;
(b) the polypeptide of claim 27 or 28; and

(c) the fusion protein of any one of claims 29

to 31.
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Figure 1. Sequence of M. catarrhalis major anaerobically

induced OMP gene designated MCA100170

ttaagtgcect tttctaggta ttttaacttt tttgtgettt ttatttttat tgatggcatt 60

gaagaaaatt acaggcaacc tttctataag gagaacccat atg tct aag cct act 115
Met Ser Lys Pro Thr
1 5

ttg ata aaa aca acc tta att tgt gcc tta agt gca ttg atg ctc agt 163
Leu Ile Lys Thr Thr Leu Ile Cys Ala Leu Ser Ala Leu Met Leu Ser
10 15 20

ggt tgt agc aat caa gcg gac aaa gcc gcc cag cca aaa agc agce acg 211
Gly Cys Ser Asn Gln Ala Asp Lys Ala Ala Gln Pro Lys Ser Ser Thr
25 30 35

gta gac gct gecec gee aag aca gca aat gca gat aat gct gecc tca caa 259
Val Asp Ala Ala Ala Lys Thr Ala Asn Ala Asp Asn Ala Ala Ser Gln
40 45 50

gaa cat caa ggc gag ctg cct gtc att gat gcec att gtt acg cat geca 307
Glu His Gln Gly Glu Leu Pro Val Ile Asp Ala Ile Val Thr His Ala
55 60 65

cca gaa gtt cca cca cect gtt gac cgt gac cac ccc gecec aaa gtg gtg 355
Pro Glu Val Pro Pro Pro Val Asp Arg Asp His Pro Ala Lys Val Val
70 75 80 85

gta aaa atg gaa acc gtt gaa aaa gtc atg cgt ctg geca gat ggc gtg 403
Val Lys Met Glu Thr Val Glu Lys Val Met Arg Leu Ala Asp Gly Val
90 95 100

gaa tat cag ttt tgg aca ttt ggc ggt caa gtt cca ggg cag atg att 451
Glu Tyr Gln Phe Trp Thr Phe Gly Gly Gln Val Pro Gly Gln Met Ile
105 110 115

cgt gtg cgt gaa ggc gac acc atc gaa gtg cag tte tca aac cac cca 499
Arg Val Arg Glu Gly Asp Thr Ile Glu Val Gln Phe Ser Asn His Pro
120 125 130

gat tca aaa atg ccc cat aat gtt gac ttt cac gct gcc aca ggg cct 547
Asp Ser Lys Met Pro His Asn Val Asp Phe His Ala Ala Thr Gly Pro
135 140 145

ggc ggc ggg gca gaa dgcg tca ttt acc gca ccg ggt cat aca tca acc 595
Gly Gly Gly Ala Glu Ala Ser Phe Thr Ala Pro Gly His Thr Ser Thr
150 155 160 165

ttt agt ttt aaa gcc tta cag cct ggt ttg tat gtc tat cac tgt gcg 643
Phe Ser Phe Lys Ala Leu Gln Pro Gly Leu Tyr Val Tyr His Cys Ala
170 175 180

gtt gcc cct gtt ggc atgy cac att get aat ggc atg tat ggt ttg att 691
Val Ala Pro Val Gly Met ﬁis Ile Ala Asn Gly Met Tyr Gly Leu Ile
185 190 195
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ttg
Leu

gtc
Val

cta
Leu
230

gtt
Val

aaa
Lys

cecg
Pro

gtt
Val

cta
Leu
310

ccg
Pro

aaa
Lys

att
Ile

cca
Pro

aac
Asn
390

tgt
Cys

gtt
Val

atg
Met
215

cag
Gln

gtc
val

gcc
Ala

aat
Asn

cac
His
295

atc
Ile

ggt
Gly

999
Gly

tat
Tyr

caa
Gln
375

tta

Leu

get
Ala

gaa
Glu
200

caa
Gln

cce
Pro

ttt
Phe

aag
Lys

ttg
Leu
280

ttt
Phe

cca
Pro

gat
Asp

gca
Ala

tca
Ser
360

gca
Ala

caa
Gln

gct
Ala

cca
Pro

ggc
Gly

ttt
Phe

aat
Asn

gtt
val
265

aca
Thr

gag
Glu

gca
Ala

tat
Tyr

ttg
Leu
345

cac
His

att
Ile

gag

Glu

tgt
Cys

aaa
Lys

gac
Asp

gat
Asp

ggt
Gly
250

ggc
Gly

tca
Ser

ggt.
Gly

ggt
Gly

gtc
Val
330

ggc
Gly

aaa
Lys

gat
Asp

cag
Gln

cac

His
410

gag
Glu

ttt
Phe

atg
Met
235

tcg
Ser

gaa
Glu

tca
Ser

ggt
Gly

ggc
Gly
315

ttg
Leu

ata
Ile

caa
Gln

acc
Thr

att
Ile
395

caa
Gln

ggc
Gly

tat
Tyr
220

gaa
Glu

gtg
Val

act
Thr

ttce
Phe

aag
Lys
300

gct
Ala

gtt
Val

ctt
Leu

aca
Thr

caa
Gln
380

aaa

Lys

cect
Pro

ttg
Leu
205

acc
Thr

aaa
Lys

gg99
Gly

gtt
Val

cat
His
285

ggt

Gly

gce
Ala

gac
Asp

aag
Lys

gac
Asp
365

gaa

Glu

gca
Ala

gat
Asp
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cca
Pro

aaa
Lys

gce
Ala

gcg
Ala

cge
Arg
270

gtc
val

gaa
Glu

atc
Ile

cat
His

gtg
Val
350

gct
Ala

gca
Ala

ggt
Gly

ggt
Gly

aaa
Lys

ggc
Gly

att
Ile

ttg
Leu
255

tta
Leu

att
Ile

aac

Asn’

act
Thr

gcc
Ala
335

gaa
Glu

gtc
Val

cece
Pro

aag
Lys

aaa
Lys
415

gta
Val

aaa
Lys

cga
Arg
240

act
Thr

ttt
Phe

ggt
Gly

cac
His

gaa
Glu
320

atc
Ile

ggt
Gly

tat
Tyr

aaa
Lys

gca
Ala
400

ggc
Gly

gat
Asp

tat
Tyxr
225

gaa
Glu

ggt
Gly

gtg
val

gag
Glu

aat
Asn
305

ttt
Phe

ttc
Phe

gaa
Glu

ctg
Leu

aca
Thr
385

acc

Thr

gtg
val

aaa
Lys
210

ggc
Gly

gat
Asp

gaa
Glu

ggt
Gly

att
Ile
290

atc

Ile

aag
Lys

cgt

gaa
Glu

cca
Pro
370

cct
Pro

tat
Tyr

cca
Pro

gaa
Glu

gaa
Glu

gct
Ala

aat
Asn

aac
Asn
275

ttt
Phe

caa
Gln

gtg
Val

gcc
Ala

aat
Asn
355

gag

Gclu

gca
Ala

gac
Asp

aac
Asn
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tac
Tyx

caa
Gln

gaa
Glu

gct
Ala
260

ggc
Gly

gat
Asp

acc
Thr

gat
Asp

ttt
Phe
340

cat
His

ggt
Gly

cct
Pro

tct
Ser

gct
Ala
420

tat
Tyr

ggt
Gly

tat
Tyr
245

cta
Leu

ggc
Gly

aag
Lys

an

Thr

gtg
Val
325

aac
Asn

gag
Glu

gcc
Ala

gcc
Ala

aac
Asn
405

ttc
Phe

739

787

835

883

931

979

1123

1171

1219

- 1267

1315

1363
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cca ccg ctt gee aac tct
Pro Pro Leu Ala Asn Ser
425

gee age atc gtg gca aat
Ala Ser Ile Val Ala Asn
440

aac caa tat gaa agc gtc
Asn Gln Tyr Glu Ser Val
455

att gcc aat gtc atec acc
Ile Ala Asn Val Ile Thr
470 475

ggt caa ctc agt gca gac
Gly Gln Leu Ser Ala Asp
490

gac
Asp

gga
Gly

atg
Met
460

tac

Tyr

gat
Asp

tat
Tyxr

ttg
Leu
445

cct

Pro

acg
Thr

gtg
vVal
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ctg
Leu
430

tet
Ser

gcg
Ala

ctt
Leu

gca
Ala

aac
Asn

ggt
Gly

att
Ile

aac
Asn

aaa
Lys
495

gcc
Ala

aag
Lys

gct
Ala

agc
Ser
480

gcc
Ala

gac
Asp

att
Ile

ctg
Leu
465

ttt
Phe

aaa
Lys

cac
His

acc
Thxr
450

agc

Ser

ggt
Gly

aaa
Lys

aac tga tcttaaagtt taattaagat atccgctggt tttcattgag

Asn

gtcttatgtg gcaagccatg atgtgcttaa tggctttcat gegttttatg cccaatgatg

cccaaagtgt gtgtttaaaa gccatgccaa aaggtgtatg

PCT/CA01/01221
gct cgt gce 1411
Ala Arg Ala
435
gtc aat ggc 1459
Val Asn Gly
gac caa cag 1507
Asp Gln Gln
aac aaa ggc 1555
Asn Lys Gly

485

acc aag cca 1603
Thr Lys Pro

500
catcatggct 1659

1719

1759



WO 02/18595 PCT/CA01/01221

4/189

Figure 2. Restriction enzyme analysis of the M. catarrhalis

major anaerobically induced OMP gene designated MCA100170

BfaT
BslI
Msel ECONT | Msel
TTAAGTGCCTTTTCTAGGTATTTTAACTTTTTTGTGCTTTTTAT TTTTATTGATGGCATT
R e Fomm Frmmmem e Fomm - Frmmem - + 60
AATTCACGGAAAAGATCCATAARATTGAAAAARCACGAAAAATAAAAATAACTACCGTAA
CvidI
NdeI DdeI |

Tsp509I MboII
| |

| I

GAAGAAAATTACAGGCAACCTTTCTATAAGGAGAACCCATATGTCTAAGCCTACTTTGAT

CTTCTTTTAATGTCCGTTGGAAAGATATTCCTCTTCGGGTATACAGATTCGGATGAAACTA

CviRI
MwoI |
SfanNI | |
MseI| | |
Tsp5091 Aflrz|| | | , BseMII
o © MseI|l . smlrt}] | .| ‘DdeI  TspRI_.._ |- AciI
e S e
ARAAACAACCTTAATTTGTGCCTTAAGTGCATTGATGCTCAGTGGTTGTAGCAATCAAGC
R R Fommmmmme D et Hmmmmm - 4-===-=--% 180
TTTTTGTTGGAATTAAACACGGAATTCACGTAACTACGAGTCACCAACATCGTTAGTTCG
Hgal
Acil
Fnu4HI
Fnu4HI |
AciI Tsel| |
Fnu4HI BbvI Bbvi || |
CviJdI] Fnu4HI Acel | || | CviRI
MwoI || cCvidr TseI|Bst4cI | | || | MwoI BbvI |
|1l I | LTI |1
GGACAAAGCCGCCCAGCCAAARAGCAGCACGGTAGACGCTGCCGCCAAGACAGCAAATGC

181 ---------
CCTGTTTCGGCGGETCECTTTTTCGTCGTGCCATCTGCGACGGCGGTTCTGTCATTTACG

SfaNI

Fnu4HI |

FnudHI AluI] |

TseIl| Cvigr| |

BstAPI || MnlI TseIl| |

MwoI || BbvI| Cac8I || | MaeIII
l

| 1 | | 1] I

AGATAATGCTGCCTCACAAGAACATCAAGCGCGAGCTGCCTETCATTGATGCCATTGTTAC

TCTATTACGACGGAGTGTTCTTGTAGTTCCACTCGACGGACAGTAACTACGGTAACAATG
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CviRI
N1laIIX Bst4CI
NspI MaeITIT
SphI TSp45T BstXI
Cac8I | HincII | AciI  Faul |

| | | I | 1

GCATGCACCAGAAGTTCCACCACCTGTTGACCGTGACCACCCCGCCAAAGTGGTGGTAAA

CGTACGTGGTCTTCAAGCETGETGCACRACTGGCACTGETGGCEGGCGGTTTCACCACCATTT

Hgal
Bst4CI | NlaIII

|

AATGGAAACCGTTGAAAAAGTCATGCGTCTGGCAGATGGCGTGGAATATCAGTTTTGGAC

TTACCTTTGGCAACTTTTTCAGTACGCAGACCGTCTACCGCACCTTATAGTCAAAACCTG

BstNI
ScrFIl
BsaJI |
BssKI| | HinfI MslI
AciTI PspGT%| TELI Bch Tagl |
| | | | |
ATTTGGCGGTCAAGTTCCAGGGCAGATGATTCETGTGCGTGAAGGCGACACCATCGAAGT
421 —-mm - mm i i T o mm b el 480 7

TAAACCGCCAGTTCAAGGTCCCGTCTACTAAGCACACGCACTTCCGCTGTGGTAGCTTCA

Bsgl

HinfI HincII Fnu4HI
CviRI TELT BbvI | Tsel |

| | | | |l
GCAGTTCTCAAACCACCCAGATTCAAAARATGCCCCATAATGTTCGACTTTCACGCTGCCAC

CGTCAAGAGTTTGGTGGGTCTAAGTTTTTACGGGGTATTACAACTGAAAGTGCGACGGTG

AciIt
Hgal
BslI
Fnu4HI
AciI
BstNI
ScrFI
AlwNI
Faul
BssKI
CviJdT Ncil
HaeIll ScrFI
PspGI Hpall|
Eco0109I | BssKI| |
Sau96T | Acii |||
| ] [ 1]

AGGGCCTGGECGGCGEGECAGAAGCETCATTTACCGCACCGGGTCATACATCAACCTTTAG

TCCCGGACCGCCGCCCCETCTTCGCAGTAAATGGCGTGGCCCAGTATGTAGTTGGAAATC
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BstNI
ScrFI
CviJdI  BssKI | AciI
Dral | CvidI | TSpPRI
Msel | |  PspGI | Bst4CI | Cacs8T

TTTTAAAGCCTTACAGCCTGGTTTGTATGTCTATCACTGTGCGETTGCCCCTGTTGGCAT

AAAATTTCGGAATGTCGGACCAAACATACAGATAGTGACACGCCAACGGGGACAACCGTA

BsrDI
CviRI |
NlaIII | Cac8I
NspI | NlaIII Cvidl |
SphI | NspI MnlI  BslI L]
|

I | 1

GCACATTGCTAATGGCATGTATGGTTTGATTTTGGTTGAACCAAAAGAGGGCTTGCCARA
CGTGTAACGATTACCGTACATACCAAACTAAAACCAACTTGGTTTTCTCCCGAACGGTTT

CviRI
NlaIIl MwoTI

AGTAGATAAAGAATACTATGTCATGCAAGGCGACTTTTATACCAAAGGCAAATATGGCGA
TCATCTATTTCTTATGATACAGTACGTTCCGCTGARAAATATGGTTTCCGTTTATACCGCT

Tagl
Sfcl SfaNI |
Accel|Cvidgl cvidr | | MbolI

[l Il l

ACAAGGTCTACAGCCCTTTGATATGGAAAAAGCCATTCGAGAAGATGCTGAATATGTTGT
TGTTCCAGATGTCGGGAAACTATACCTTTTTCGGTAAGCTCTTCTACGACTTATACAACA

BsaJl
StyI
CviJgI|
MwoI ||
Msel HineII  BsrI Hphl | |

CTTTAATGGTTCGGTGGGGGCGTTGACTGGTGAARAATGCTCTAARAGCCAAGGTTGGCGA

GAAATTACCAAGCCACCCCCGCAACTGACCACTTTTACGAGATTTTCGGTTCCAACCGCT

Apol

Tsp5091

Cvidr |

HaeIII |

Sau96I | |
Bst4CI Fnud4HI|| | BstXI
XmnI | MaeIII  AciI] || | NlaIITl |

i LT |

AACTGTTCGCTTATTTGTGGGTAACGGCGGCCCGAATTTGACATCATCATTCCATGTCAT

TTGACAAGCGAATAAARCACCCATTGCCGCCGEECTTARACTGTAGTAGTARGGTACAGTA



WO 02/18595

HphI

|

7/189

MnlI
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HphT

TGGTGAGATTTTTGATAAGGTTCACTTTGAGGGTGGTAAGGGTGAAAACCACAATATCCA

ACCACTCTAAAAACTATTCCAAGTGAAACTCCCACCATTCCCACTTTTGGTGTTATAGGT

FokI

BspMI B

HinP1I |
MwoT |
BslI
PEIMI

bvI

Fnu4HI
Haell
Hhal
Tsel

|
[ |
[ ]
I ]

Msel
TspRI |

ApoI |

TspS09T |

||

Ncil
ScxFI
Hpall|
| BssKI| |
[ BstF5I] |

AACCACGCTAATCCCAGCAGGTGGCGCTGCCATCACTGAATTTAAGGTGGATGTGCCGGG

TTGGTGCGATTAGGGTCGTCCACCGCGACGGTAGTGACTTAAATTCCACCTACACGGCCC

TGATTATGTCTTGGTTGACCATGCCATCTTCCETGCCTTTAACAAAGGGGCATTGGGCAT -
+ - 3
ACTAATACAGAACCAACTGGTACGGTAGAAGGCACGGAAATTGTTTCCCCGTAACCCGTA'

MseI
Af1IT|
Smlz|

|

+

NlalIT

MboII
HineII |

HphI | |

|1

|
l

MboII
NlaIIT
HphI |
BspHI| |

-+

Msel

-+

+

AlwNI
TthlllI

ACTTAAGGTGGAAGGTGAAGAAAATCATGAGATTTATTCACACAAACAAACAGACGCTGT

TGAATTCCACCTTCCACTTCTTTTAGTACTCTAAATAAGTGTGTTTGTTTGTCTGCGACA

MnlI

Hgal |

BseSI
Bspl2861
Nlaiv |

BanI |

|1

Mfel
Tsp509T

[MwoT |

||

B

CviRI

sgl

CTATCTGCCAGAGGGTGCCCCACAAGCAATTGATACCCAAGAAGCACCCAAAACACCTGC

GATAGACGGTCTCCCACCGGGGTGTTCGTTAACTATGEGCTTCTTCGTGGGTTTTGTGGACG

BspMI BspMI

MseI

BspMI |

M1
MwoIl Pl

l

Fnu4HT
HphI]
Tsel|

BstacCT ||

I

yI HinfIl
el BbvI|

l ||

ACCTGCCAACTTACAAGAGCAGATTAAAGCAGGTAAGGCAACCTATGACTCTAACTGTGC

TGGACGGTTGAATGTTCTCGTCTAATTTCGTCCATTCCGTTGGATACTGAGATTGACACG
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MaeIlI Cacs8I
Tsp45I BstXI Cac8I Acii |

TGCTTGTCACCAACCTGATGGTAAAGECGTGCCARACGCTTTCCCACCGCTTGCCAACTC
1321 --------- dommmmm—m- fom - Fommdm e o R T
ACGAACAGTGGTTGGACTACCATTTCCGCACGGTTTGCGAAAGGGTGGCGAACGGTTGAG

ACTGATAGACTTGCGGCTGGTGCGAGCACGGCGGTCGTAGCACCGTTTACCTAACAGACC

BseMII
, Cac8I |
Bst4CI Hgal NlaIIiI | | Ddel

| | ||| |

TAAGATTACCGTCAATGGCAACCAATATGAAAGCGTCATGCCTGCGATTGCTCTGAGCGA

ATTCTAATGGCAGTTACCGTTGGTTATACTTTCGCAGTACGEACGCTAACGAGACTCGCT

MaeIIT
Alul | HineII
HphI MseI CviJI | AciI |

CCAACAGATTGCCAATGTCATCACCTACACGCTTAACAGCTTTGGTAACAAAGGCGGTCA
GGTTGTCTAACGGTTACAGTAGTGGATGTGCGAATTGTCGAAACCATTGTTTCCGCCAGT

Msel
TspRI Bsgl ‘ DpnI | Tsp5091I
DdeI CviRI |BseMII Ccvigr| CviJI MboI | | MseIj

I | | | | | |11 ||

ACTCAGTGCAGACGATGTGGCAAAAGCCAAAAAAACCAAGCCAAACTGATCTTAAAGTTT

TGAGTCACGTCTGCTACACCGTTTTCGGTTTTTTTGGTTCGGTTTGACTAGAATTTCAAA

MspAlTI SfaNTI NlaIII
Msel AciI | cvidI| CviJI |
PacI EcoRV | | NlaIII|| Cacs8I | |

I |1 L1 | | |

AATTAAGATATCCGCTGGTTTTCATTGAGCATCATGGCTGTCTTATGTGGCAAGCCATGA
TTAATTCTATAGGCGACCAARAGTAACTCCGTAGTACCGACAGAATACACCGTTCGGTACT

MwoI Dral
MseI CviJI NlaIII SfaNI MseI|CviJI

TGTGCTTAATGGCTTTCATGCGTTTTATGCCCAATGATGCCCAAAGTGTGTGTTTAAAAG

ACACGAATTACCGAAAGTACGCAAAATACGGGTTACTACGGGTTTCACACACAAATTTTC

1380

1440

1500

1560

1620

1680

1740
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NlaIII

CCATGCCAAAAGGTGTATG

GGTACGGTTTTCCACATAC
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Figure 3. Sequence of M. catarrhalis rare lipoprotein A gene

(SEQ ID NOs: 3 & 4) designated MCA100178

ctgctggttt ttggaggatt agatgaatat gagcagctta aagcaaacta acaatgaaca 60

aacgaaaatt gatagctgaa caagtgagcg agcaatcaca atg aaa tac cta ttt 115
Met Lys Tyr Leu Phe
1 5

cta gcc atc gce ctg ctt gee act geg teca caa gee aat tat geg acc 163
Leu Ala Ile Ala Leu Leu Ala Thr Ala Ser Gln Ala Asn Tyr Ala Thr
10 15 20

tac tat ggc gat aaa ttc cac ggt cgt aaa aca gca agt ggt gag aga 211
Tyr Tyr Gly Asp Lys Phe His Gly Arg Lys Thr Ala Ser Gly Glu Arg
25 30 35

ttt gac caa aac gcc atg acc tgt gcec age aat agce cat aaa ttt ggce 259
Phe Asp Gln Asn Ala Met Thr Cys Ala Ser Asn Ser His Lys Phe Gly
40 ' 45 50

aca cgg tta aaa gtt acc aac acc gcc aat gat aaa tca gtg att tgce 307
Thr Arg Leu Lys Val Thr Asn Thr Ala Asn Asp Lys Ser Val Ile Cys
55 60 65

cgt gtg aat gac cgt ggc ggt ttt ggt aaa tat ggc acg act tta gat 355
Arg Val Asn Asp Arg Gly Gly Phe Gly Lys Tyr Gly Thr Thr Leu Asp
70 75 80 85

tta tca aaa gcc age ttt get aag att gca tca ctg teg caa ggt aaa 403
Leu Ser Lys Ala Ser Phe Ala Lys Ile Ala Ser Leu Ser Gln Gly Lys

90 95 100
att aaa gta aca att agg aga ttg tga gatgataaat agactaaaaa 450
Ile Lys Val Thr Ile Arg Arg Leu
105 110

acttaacacc cgaacaagca aaagccgaat ctgaccgttt ttggtcagcg agtgatgatg 510

ctatttttece gecattaacg 530
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Figure 4. Restriction enzyme analysis of the M. catarrhalis

rare lipoprotein A gene (SEQ ID NO: 3) designated MCA100178

Msel
Alul |
CvidI |
l
|

MnlI Tsel| | BbvI

| (1

1 —-mmmmm- dmmmmmm e o Fommmm Ao mmmmmme i + 60
GACGACCAAAAACCTCCTAATCTACTTATACTCGTCGAATTTCGTTTGATTGTTACTTGT

Alul CvidI
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241 --------- e i e Jmmmm Fommmme—— - + 300
GTTATCGGTATTTARACCGTGTGCCAATTTTCAATGGTTGTGECGGTTACTATTTAGTCA
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Btgl
Bst4CI]
BsaJI| |

BstDSI| |
| L]
GATTTGCCGTGTGAATGACCCTGGCEGTTTTGGTAAATATGGCACGACTTTAGATTTATC
--------- it et T S 110
CTAAACGGCACACTTACTGGCACCGCCAAAACCATTTATACCGTGCTGARATCTAAATAG

Acil
|
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Ddel

BegI
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Alul || MaeIII |
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Cac8I | || CviRI SfaNT | MseI| | ]
cvidr | | || MwoI | Bst4CI || Tsp509I || | |
L] | A L1 |

AAARGCCAGCTTTGCTAAGATTGCATCACTGTCGCAAGGTAAAATTAAAGTAACAATTAG

————————— A e e e e ooy 420
TTTTCGGTCCARACGATTCTARCGTAGTGACAGCGTTCCATTTTAATTTCATTGTTAATC
Hinfx
TEil
Msel Cvidr |

l » |

GAGATTGTGAGATGATAAATAGACTAAAAAACTTAACACCCGARCAAGCAAAAGCCGAAT
CTCTAACACTCTACTATTTATCTGATTTTTTGAATTGTGEGGCTTGTTCATTTTCGECTTA

Bst4CI SfaNI Ecil AciI Msel

I l |

CTGACCGTTTTTGGTCAGCCGAGTGATGATGCTATTTTTCCGCCATTAACG

GACTGGCAAAAACCAGTCGCTCACTACTACGATARARAGGCGGTAATTGEC
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Figure 5. Sequence of M. catarrhalis gene encoding a
component protein of the adhesin complex (SEQ ID NO: 5 & 6)
designated MCA100412

acaatcttta ctctcacgect tgatggtcaa aatcatcatt ctaagacatt caatcatacc 60

caattacaag tcattatgac tgatacataa ggaaaatatc atg aaa aaa ctt gcc 115
Met Lys Lys Leu Ala
1 5

Ett agt ctt att gtg get act gect gge atg atg get att tet gcc aat 163
Phe Ser Leu Ile Val Ala Thr Ala Gly.Met Met Ala Ile Ser Ala Asn
10 15 20

gcc atg agt cca aaa acc gta caa tac acc tgec caa ggc ggt aaa agt 211
Ala Met Ser Pro Lys Thr Val Gln Tyr Thr Cys Gln Gly Gly Lys Ser
25 30 35

gtc aat gtt aaa tac atc ttt aac gat gca gat tta cca tct aaa gce 259
Val Asn Val Lys Tyr Ile Phe Asn Asp Ala Asp Leu Pro Ser Lys Ala
40 45 50

gtt gct agc ttc tct gge aaa act gte ggt atg ccc ate aat ctt aac 307
. Val Ala Ser:Phe Ser Gly Lys Thr Val Gly Met Pro Ile Asn Leu Asn -
o 55 760 65 o

aca teca gat atg aca agc tca att ttt gge ttt ggt ggt tat acc atg 355
Thr Ser Asp Met Thr Ser Ser Ile Phe Gly Phe Gly Gly Tyr Thr Met
70 75 80 85

act gca gac tat atc gat gcc aag aac tac aat caa gtc ggt att gca 403
Thr Ala Asp Tyr Ile Asp Ala Lys Asn Tyr Asn Gln Val Gly Ile Ala
90 95 100

gtc atc acc gac cca aag aac aaa act ttg ttc aaa aac tgc aac cca 451
Val Ile Thr Asp Pro Lys Asn Lys Thr Leu Phe Lys Asn Cys Asn Pro
105 110 115

aga taa tttttttact acccaaataa aaaagcatgg ataaccatge ttttttattg 507
Arg

attgctgatt gattaaatca attecgetgtt gtegtatceg tggttgcagce 557
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Figure 6. Restriction enzyme analysis of the M. catarrhalis

gene encoding a component protein of the adhesin complex (SEQ

ID NO: 5) designated MCA100412
DdeI

|

ACAATCTTTACTCTCACGCTTGATGETCAAAATCATCATTCTAAGACATTCAATCATACC
TETTAGAAATGAGAGTGCGAACTACCAGTTTTAGTAGTAAGATTCTGTAAGTTAGTATGE

NlaIII
Tsp509I BspHI |

| |

CAATTACARGTCATTATGACTGATACATAAGCGAAAATATCATGARAARACTTGCCTTTAG
GTTAATGTTCAGTAATACTGACTATGTATTCCTTTTATAGTACTTTTTTGRACGGAAATC

Cvidl
NlaIIX | HinfI MlyI
CvidI  Cac8I | | MworI NlaIII pleI|

I I l |

TCTTATTGTGGCTACTGCTGGCATGATGGCTATTTCTGCCAATGCCATGAGTCCARAAAC

AGAATAACACCGATGACGACCGTACTACCGATAAAGACGATTACGETACTCAGGTITTTTG

AciT

Rsal BspMI |

Csp6I| BsaJI ||
Bst4CI|| styl || MseI SfaNI Msel  CviRI

|11 P | i | 1

CGTACAATACACCTGCCAAGGCGGTAAAAGTGTCAATGTTAAATACATCTTTAACGATGC
181 --------- R bt Fm - Femm e Fom Fommmmm +
GCATGTTATGTGGACGGTTCCECCATTTTCACAGTTACAATTTATGTAGAAATTGCTACG

Alul
CviJI
Cac8I |
BfaI| |
CviJI NheI}| | MwoI Bst4CI BegI

l LI l

AGATTTACCATCTAAAGCCGTTECTAGCTTCTCTGECAAAACTGTCGGTATGCCCATCAA

TCTAAATGGTAGATTTCGGCAACGATCGARGAGACCGTTTTGACAGCCATACGGGTAGTT

Tsp509I CviRI
AluIl | gfel |
Msel Ccvidr | CvigI NlaIII | |

| I l 1]

TCTTAACACATCAGATATGACAAGCTCAATTTTTGGCTTTGGTGGTTATACCATGACTGC

AGAATTGTGTAGTCTATACTCTTCCAGTTAARAACCGAAACCACCAATATGGTACTGACG

60

120

180

240

300

360
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PstI Clal CviRI
SfaNT Taql HphI |

421

481

541

| l |

AGACTATATCGATGCCAAGAACTACAATCAAGTCGGTATTGCAGTCATCACCGACCCARA
————————— R i e ettt ot TP
TCTGATATAGCTACGGTTCTTGATGTTAGTTCAGCCATAACGTCAGTAGTGGCTGEGTTT

CviRI Tsp5091

GAACAAAACTTTGTTCAAAAACTGCAACCCAAGATAATTTTTTTACTACCCARAATAAARA
CTTGTTTTGAAACAAGTTTTTGACGTTGGGTTCTATTAAAAAAATGATGGETTTATTTTT

Tsp509T
NlaIII NlaIII MselI |

l l l l

AGCATGGATAACCATGCTTTTTTATTGATTGCTGATTGATTAAATCAATTCGCTETTGTC
TCGTACCTATTGGTACGAAAAAATAACTAARCGACTAACTAATTTAGTTAAGCGACAACAG

Frnnu4HI
BtgI CviRI]
BsaJI | TselI|
BstDSI |BcivI] |
[
“GTATéCGTdGTTGCAGc' A
--------- +-----=- 557
CATAGGCACCAACGTCG
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Figure 7. Sequence of M. catarrhalis gene encoding a
component of the adhesin complex (SEQ ID NOs: 7 and 8)
designated MCA100413

tttagaaaat tgattattga taaaagtgga agctgagcca aatttataca caaaaccgtt 60

taaatttgag cttttaaata acaacatttg gaggtattct atg aaa ate tta get 115
Met Lys Ile Leu Ala
1 5

tta gcc cct geg act gee ttg gea ctt gtt gga ttec att ggt gca get 163
Leu Ala Pro Ala Thr Ala Leu Ala Leu Val Gly Phe Ile Gly Ala Ala
10 15 20

cat gct caa gtt gac cat gct caa gaa gct cat gat tet ace gta tta 211
His Ala Gln Val Asp His Ala Gln Glu Ala His Asp Ser Thr Val Leu
25 30 35

aag cgt caa gtt act tat gcc tgce caa tca ggt ggg caa gcc acc gta 259
Lys Arg Gln Val Thr Tyr Ala Cys Gln Ser Gly Gly Gln Ala Thr Val
40 45 50

act tat ggc ttt aac caa caa aga ttg cca act tat gcc agt gct tat 307
Thr Tyr Gly Phe Asn Gln Gln Arg Leu Pro Thr Tyr Ala Ser Ala Tyr
55 60 65

gtt gat ggc aaa aac cgt ttt atg cca ttt aat tta aat cgt tct gac 355
Val Asp Gly Lys Asn Arg Phe Met Pro Phe Asn Leu Asn Arg Ser Asp
70 75 80 ) 85

aat gtt gat agc gtt ttt ggt gat gaa aat aac tac agc ttg atg act 403
Asn Val Asp Ser Val Phe Gly Asp Glu Asn Asn Tyr Ser Leu Met Thr
90 95 100

gat gcc atg aca ttg tat aac tat cac aaa cta ggc att aac atc aca 451
Asp Ala Met Thr Leu Tyr Asn Tyr His Lys Leu Gly Ile Asn Ile Thr
105 110 115

agce cct tet ggt gat ttt get cat aaa gge tgt aat gtc aga tat gtt 499
Ser Pro Ser Gly Asp Phe Ala His Lys Gly Cys Asn Val Arg Tyr Val

120 125 130
aca aaa ctt taa cgcttaacat aatattaata aaaataatat taataaggta 551

Thr Lys Leu
: 135

agctttaate ccaagtttta atcataaata tcacttgatt ttaacttggg tatttgattt 611



WO 02/18595 PCT/CA01/01221

17/189

Figure 8. Restriction enzyme analysis of the M. catarrhalis

gene encoding a component of the adhesgin complex (SEQ ID NO: 7)

designated MCA100413

Apol
Tsp509TI
CvidgI |
BlpI | |
DdeI | |
Alur| [ Msel
Tsp5091 BseMII  CviJI| | BstacI |

i [ | |

TTTAGAAAATTGATTATTGATAAAAGTGGAAGCTGAGCCAAATTTATACACARAACCGTT

AAATCTTTTAACTAATAACTATTTTCACCTTCGACTCCGGTTTARAATATGTGTTTTGGCAA

Dral

ApoI Msel | Alul
TSp5091 Alul || CvidI
Drai| cvigr || MnlI DdeI | cviJdI

I |1l l | I

TAAATTTGAGCTTTTAAATAACAACATTTGGAGGTATTCTATGAAAATCTTAGCTTTAGC

A R e
ATTTAAACTCGAAAATTTATTGTTGTARACCTCCATAAGATACTTTTAGAATCGAAATCG
Bsgl
HincIT
BbvI
SmlI
NlaIII
BstAPI
Mwol
Alul |
cvigr |
Fnu4HI | |
BsaJI HinfI cviri| | |
StyI TEiL TseT( [
| L]

CCCTGCGACTGCCTTGGCACTTGTTGCGATTCATTGGTGCAGCTCATGCTCAAGTTGACCA

GGGACGCTGACGGAACCGTGAACAACCTAAGTAACCACGTCGAGTACGAGTTCAACTGGT

HinfI
NlaIII
BspHI |
Alul | |
SmlI  CvidI | | Bsta4cT
NlaIII| MwoI | |TfiI Hgal |[MseI MaeIII Cacs8I

| | L1 | 1 |
TGCTCAAGAAGCTCATGATTCTACCGTATTAAAGCGTCAAGTTACTTATGCCTGCCAATC

ACGAGTTCTTCGAGTACTAAGATGGCATAATTTCCGCAGTTCAATGAATACGGACGETTAG
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Bst4CI
MaeIIl
CvidI | Msel
BstXI Cac8I | | CvidI | BsrI

| |1 | |

AGGTGGGCAAGCCACCGTAACTTATGGCTTTAACCAACAAAGATTGCCAACTTATGCCAG

TCCACCCGTTCGGTGGCATTGAATACCGARATTGGTTGTTTCTAACGGTTGAATACGGTC

Dral
Tsp509T Swal
TspRI Bst4CI MselI|MseI|

TGCTTATGTTGATGGCAAAAACCGTTTTATGCCATTTAATTTAAATCGTTCTGACAATGT
301 --------- Frmmmmmm e Fommmmmme o dmmmmm - Fmmmmm - ommmmm e +
ACGAATACAACTACCGTTTTTGGCAAAATACGGTAAATTAARATTTAGCAAGACTGTTACA

SfaNI
SfcI Alul|
HphI |CvidJI| NlaIII

| | | |

TGATAGCGTTTTTGGTGATGAAAATAACTACAGCTTGATGACTGATGCCATGACATTGTA
361 ~-------- Fommmem - L S aiaial Fmmm Frm Fommmmmm - +
ACTATCGCAAAAACCACTACTTTTATTGATGTCGAACTACTGACTACGGTACTGTAACAT

Bfal Msel CcvidI ‘ HphI CviJI
TAACTATCACAAACTAGGCATTAACATCACAAGCCCTTCTGETGATTTTGCTCATAAAGG

421 —-----—- Fommm e Fomm T oo dommmm +
ATTGATAGTGTTTGATCCGTAATTGTAGTGTTCEGGGAAGACCACTAAAACGAGTATTTCC

Asel
Msel
MaeIII MseI Msel SspI | SspI
| | |
CTGTAATGTCAGATATGTTACAAAACTTTAACGCTTAACATAATATTAATAAAAATAATA
481 —=---m—-=-- Frmm - Frmm—— - o Fo—mm - Fo—mm - +
GACATTACAGTCTATACAATGTTTTGARATTGCGAATTGTATTATAAT TATTTTTATTAT

Msel

Alul |

Asel Cvidgr |
MseI  HindIIT | | Msel Msel

I || ] I

TTAATAAGGTAAGCTTTAATCCCAAGTTTTAATCATAAATATCACTTGATTTTAACTTGG
AATTATTCCATTCGAAATTAGGGTTCAAAATTAGTATTTATAGTGAACTAAAATTGAACC
GTATTTGATIT

CATAAACTARA

300

360

420

480

540

600
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potential lipoprotein OMP designated MCA100414

taatcaactt acattttgta tttagatgca gaaatatttt

aatttcacat ttggttagcc aaaaagcaaa aggagttttt

ttg
Leu

aat
Asn

aat
Asn

att
Ile

999
Gly

aag
Lys

gat
Asp

ttt
Phe

aac
Asn

att
Ile
150

ctg

Leu

ggc
Gly

ggt
Gly

aca
Thr

aag
Lys

tca
Ser
55

gcg
Ala

cag
Gln

acc
Thr

gct
Ala

cag
Gln
135

gta
Val

tct
Ser

gtt
val

gtt gtg
Val val

ggc aca
Gly Thr
25

gcg gtg
Ala Val
40

aaa gca

LysvAla.

gca dgtt
Ala Val

att gag
Ile Glu

gac acg
Asp Thr
105

cat gat
His Asp
120

ctg gct
Leu Ala

gga cat
Gly His

gag cgt
Glu Arg

gat cca
Asp Pro
185

ctg ttg
Leu Leu
10

act ggc
Thr Gly

att ggg
Ile Gly

act ggt

Thr Gly.

ggt gcé
Gly Ala
75

caa caa
Gln Gln
90

ggt aat
Gly Asn

gac gat
Asp Asp

aat acg
Asn Thx

aca gac
Thr Asp
155

cga gcg
Arg Ala
170

tat cgt
Tyr Arg

gca
Ala

aat
Asn

gct
Ala

gge
Gly .
.60

gca
Ala

atg
Met

att
Ile

act
Thr

atg
Met
140

tca

Ser

gat
Asp

att
Ile

tca
Ser

ggc
Gly

gtg
val
45

gaa

agt
Ser

aca
Thr
30

gca
Ala

aaa

Glu_Lys

gca
Ala

caa
Gln

aat
Asn

tta
Leu
125

aat

Asn

acg
Thr

tca
Ser

cag
Gln

gg9g9
Gly

gga
Gly

cta
Leu
110

aac
Asn

cag
Gln

ggt
Gly

gtg
Val

aca
Thr
190

atg
Met
15

gga
Gly

ggt
Gly

aca

Thr.

gcg
Ala

acg
Thr
95

act
Thr

agt
Ser

tat
Tyr

caa
Gln

cgt
Arg
175

gtg
Val

gct
Ala

ttt
Phe

gca
Ala

ggt

tat
Tyr
80

ggc
Gly

atg
Met

gca
Ala

cat
His

gcg
Ala
160

tat
Tyr

999
Gly

Gly

ctaatcttag aatttataat

atg
Met
1

ttg
Leu

ggt
Gly

ctt
Leu

cgt
Arg
65

atg
Met

gtg
Val

cca
Pro

ttt
Phe

gaa
Glu
145

gct
Ala

tac
Tyr

tat
Tyr

aaa
Lys

gca
Ala

ggt
Gly

ggc
Gly
50

gat
Asp

‘gag

Glu

act
Thr

ggt
Gly

ttg
Leu
130

aca

Thr

tat
Tyr

ttg
Leu

ggt
Gly

att aaa
Ile Lys

ggt tgt
Gly Cys
20

gct aat
Ala Asn
35

ggt act
Gly Thr

gce att
Ala Ile_

cgt caa
Arg Gln

gta acc
Val Thr
100

aat att
Asn Ile
115

ggt cgt
Gly Arg

acg att
Thr Ile

aat caa
Asn Gln

att aat
Ile Asn
180

atg cga
Met Arg
195

Sequence of M. catarrhalis gene encoding a

gca
Ala
5

gca
Ala

gtc
Val

gce
Ala

ttg

Leu _

éca
Ala
85

cac
His

act
Thr

tta
Leu

gtc
val

gag
Glu
165

caa

Gln

caa
Gln

60

115

163

211

259

307

355

403

451

499

547

595

643

691
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ceg att gca tcg aat geca acc gaa gca ggt cgt get caa aat cge cgt 739
Pro Ile Ala Ser Asn Ala Thr Glu Ala Gly Axrg Ala Gln Asn Arg Arg
200 205" 210

gtt gag ctg atg att tta geca ccg cag ggt atg taa aaatgcttgg 785
Val Glu Leu Met Ile Leu Ala Pro Gln Gly Met

215 220 ‘ 225
cttatctgac taagataaca tagcgttaat gaatgagata cagataacca tcatacgaat 845

atacacaata tgaatgtata aaatcttagt 875
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Figure 10. Restriction enzyme analysis of the M. catarrhalis
gene encoding a potential lipoprotein OMP designated MCA100414

ApoIl
Tsp509T Tsp5091
SfaNI CviRI  SspI Ddel | Psiz |

. R

TAATCAACTTACATTTTGTATTTAGATCGCAGARATATTTTCTAATCT TAGAATTTATAAT

1
ATTAGTTGAATGTAAAACATAAATCTACGTCTTTATAAAAGATTAGAATCTTAAATATTA

’ Msel

CvidgI Tsp509I |

AATTTCACATTTGETTAGCCAAAAAGCAAAAGCGAGTTTTTATGAAAATTAAAGCATTGGS

1
¢ TTAAAGTGTAAACCAATCGCTTTTTCGTTTTCCTCAAARATACTTTTAATTTCGTAACCC
CcviJdr CviRI
BspMI | BstAPI |
SfaNI | MwoI | MwoT

TATTGTGCTCTTGE CTTTGGCAGGTTGTGCAAATACAGGCACAACTGE

ACAACACGACAACCGTAGTTCATACCGAAACCGTCCAACACGTTTATGTCCGTGTTGACC

HphI
CviJgr |

‘ésﬂ BSIDT ) Aci:;: BspMT g % ApaLlI

EAATGGCACAGGATTTGGTGGTGCTAATGTCAATAAGGCGGTGATTGGGGCTGTGGCAGG

181(ﬂTACCGTGTCCTAAACCACCACGATTACAGTTATTCCGCCACTAACCCCGACACCGTCC

BseST
Bspl#6I  CSP6I |
cvipl | Acil | BsrI SfaNI
[
TLCACTTGGCGGTACTGCCATTTCAAAAGCAACTGGTGGCGAAAAAACAGGTCGTGATGC
e e e itk Fom - Fomm e Frmm e + 300

= MﬂGAACCGCCATGACGGTAAAGTTTTCGTTGACCACCGCTTTTTTGTCCAGCACTACG

Fnu4HI
Tsel
Fnu4HI |
CvirI| | BbvI
Tsel| | BbvI |
Fnu4HI BstAPI || | Hgal |
plI AciI]| MwoZ]E Hi MwoI | |BsgI

cmﬂTGGGGGCGGCAGTTGGTGCAGCAGCAGGGGCGTATATGGAGCGTCAAGCAAAGCA

20t GmmeCCCCGCCGTCAACCACGTCGTCGTCCCCGCATATACCTCGCAGTTCGTTTCGT
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Bst4CI
CviRI MaellX
BgtAPI | MaelIl |
MwoX MwoI | Tep45I !

GA‘I”I’GAGCAACAAA‘I’GCAAGGAACGGGCG}TGZ&C‘I‘GTAACCCACGATAC CGACACGEGTAA

361 ~--mwooo +
CTARCTCGTTGTTTACGTTCCTTGCCCGCACTGACATTERETGCTATGECTGTGCCCATT

BstNI

Asel 5crFI Bgt4CI
Meel BosKI | Nialil Dral |
gepT | PspG? } Ssp? BspH? % Mse?§ %
éA$TAATCTAACTATGCCAGGTAATATTACTTTTGCTCAIGATGACGATACTTTAAACAG
421 —mmmmemT e G o fm g +
ATAATTAGATTGATACGGTCCATTATAATGARARCAAGTACTACTGCTATGRAATTTGTC
Cvidx
Cac8I |
alur | |
Dral CviJdI | |
Pmel MspAlI | | Hinfl .. —NIATIT

TepRI A

evirT | ﬂff%%/ﬂ}ﬂg;LLf+f%w TELT BspHI |
Pl ! [

TECATTTTTGGET COTTTABACCAGCTCECTAATACCATGAATCAGTATCATGAAACAAC

agy ~- T Fom e Hm o Fom e Fmmmm - ¥

ACGTAAARAAC CCAGCAAATTTGGTCGACCGATTATGCTACTTAGTCA‘I‘AGTACTTTGTTG

Alul
CvidI
Cvigr Hgal |
M1yI FnudHI | BseMII |
plel Hinfl AciI] |PsiI | | | paex

! | IR Pl
GATTGT CATTGTAGGACATACAGACTCARCCRGTCARGCGGCTTATAATCAAGAGLTGTC
o m Frm e ettt Fm - +

HinEX
TELT
acir | BsaBI
Bs¥BI | Bsel ppnI |
Mwol Taal | % TSPRT MseT Alw? Mbo? g %
L@GCGTCGAGCGGATTCAGTGCGTTATTACTTGATTAATCAAGGCGTTGATCCATATCG
_________ e m o e o e

B

1
ACTCGCAGCTCEC CTAAGTCACGCARTARTCAACTAATTAGTTCCCCAACTAGGTATAGC

4290

480

540

600

€640
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BsmI

BspMI

CviRI

SfaNI

BstAPI |

MwoI |

TsSpRI TaqI | |
BSt4CI l cviRI | | | |MwoI

I L L]

TATTCAGACAGTGGGGTATCGTATGCGACAACCCGATTGCATCGAATGCAACCGAAGCAGG

ATAAGTCTGTCACCCCATACCATACGCTGTTGGCTAACGTAGCTTACGTTGECTTCGTCC

BsiHKAT
Bspl2861
BstAPI | AluI
Mwol | Cvidl AciT

TCGTGCTCAAAATCGCCGTATTGAGCTGATGATTTTAGCACCGCAGGGTATGTARAAATG
AGCACGAGTTTTAGCGGCACAACTCCGACTACTAAAATCGTGGCEGTCCCATACATTTTTAC

CviJdI DdeT Msel BgaBF—

CTTGGCTTATCTGACTAAGATAACATAGCGTTAATGAATGAGATACAGATAACCATCATA
781 ~-----~—-- R iy For - e e Fm - +‘/“A_-_':‘::;—“+ 840
GAACCGAATAGACTGATTCTATTGTATCGCAATTACTTACTCTATGTCTATTGGTAGTAT

DdeI
l

CGAATATACACAATATGAATGTATAARATCTTAGT

GCTTATATGTGTTATACTTACATATTTTAGAATCA
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Figure 11. Sequence of M. catarrhalis gene encoding a

putative oxidoreductase designated MCA100527

aaggtattat attaccttat tttcttctca taaatttcat atcaatttaa catagagcta 60

acaaaaagct caattagcca ctggataaaa catgacaacc atg cgt tca cat gat 115
Met Arg Ser His Asp
1 5

gca att cgt gat ttt caa ttc acc aaa gac agt cta aaa gat aaa att 163
Ala Ile Arg Asp Phe Gln Phe Thr Lys Asp Ser Leu Lys Asp Lys Ile
10 15 20

att ttg gtg aca ggt gca ggc gat ggg ata ggc aaa gtt get get ttg 211
Ile Leu Val Thr Gly Ala Gly Asp Gly Ile Gly Lys Val Ala Ala Leu
25 30 35

act tat gcc aaa tgc ggt geca acg gtt ctt ttg ctg ggt aaa act caa 259
Thr Tyr Ala Lys Cys Gly Ala Thr Val Leu Leu Leu Gly Lys Thr Gln
40 45 50

tca aaa ctt gaa gtg gtt tat gat gaa att gag gca ctt ggg ttg gcg 307
Ser Lys Leu Glu Val Val Tyr Asp Glu Ile Glu Ala Leu Gly Leu Ala

ttg cct gee att ttg ccec atg gat ctt gag cgg gca gat ttt gca cag 355
Leu Pro Ala Ile Leu Pro Met Asp Leu Glu Arg Ala Asp Phe Ala Gln
70 75 80 85

atg caa aag ctg gca ggc tta att gaa aaa gaa ttt gga cat ctt gat 403
Met Gln Lys Leu Ala Gly Leu Ile Glu Lys Glu Phe Gly His Leu Asp
90 95 100

ggc gtg cta cat aat geca gee att ttg ggg aca ttg acg cca ctt gag 451
Gly Val Leu His Asn Ala Ala Ile Leu Gly Thr Leu Thr Pro Leu Glu
105 110 115

atg tac gat ccg atc acc ttt gag cag gte atg cgg gtg aat atg aca 499
Met Tyr Asp Pro Ile Thr Phe Glu Gln Val Met Arg Val Asn Met Thr
120 125 130

gece gta tte atg ctg acc caa age cta att cecg cta ctg cgt gca gee 547
Ala Vval Phe Met Leu Thr Gln Ser Leu Ile Pro Leu Leu Arg Ala Ala
135 140 145

caa agc gge tcg gtg gta ttt aca agc agc age gtg ggt gca aga cca 595
Gln Ser Gly Ser Val Val Phe Thr Ser Ser Ser Val Gly Ala Arg Pro
150 155 160 165

aga gcg ttt tgg ggt gect tat geca cte tca aaa caa geg gtt gaa ggc 643
Arg Ala Phe Trp Gly Ala Tyr Ala Leu Ser Lys Gln Ala Val Glu Gly
170 175 180

atg gca acc att ttc acc caa gaa acc caa aac atg aca gca ctt cgg 691
Met Ala Thr Tle Phe Thr Gln Glu Thr Gln Asn Met Thr Ala Leu Arg
185 190 195
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ttt aat tgt atc aat cct ggt gca act cgt acc
Phe Asn Cys Ile Asn Pro Gly Ala Thr Arg Thr
200 205

gct ttt cca ggt gag gac cct tat aca ctt aag
Ala Phe Pro Gly Glu Asp Pro Tyr Thr Leu Lys
215 220

atg cca gtt tat gtg tat ttg atg aca gat gag

Met Pro Val Tyr Val Tyr Leu Met Thr Asp Glu

230 235 240

ggt caa gtg att gat tgec caa cca aaa aac gct

Gly Gln Val Ile Asp Cys Gln Pro Lys Asn Ala
250 255

caacacaaat aacatcattg ttattatcaa atcagcctta

tcgtggcaaa ttttttaacc aaaacttcac
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aat atg cgt geca cat 739
Asn Met Arg Ala His
210

acg cct gag gat atc 787
Thr Pro Glu Asp Ile
225
gca agc ggt att aaa 835
Ala Ser Gly Ile Lys

245

tag ccgatttagce 881

acctacactc tttaaaccag 941

971
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Figure 12. Restriction enzyme analysis of the M. catarrhalis

gene encoding a putative oxidoreductase designated MCA100527

Apol Msel AluTl
MboIl TSp5091 Tsp509I | Cvigz
AAGGTATTATATTACCTTATTTTCTTCTCATAAATTTCATATCAATTTAACATAGAGCTA
1 - e e it Fom - e s + 60

Ccvidr

MwoI |
TSp509I | | Tsp5091
Alul | | | BsrI NlaIII CviRI |
Cvigr | |  TspRI NlaIII SfaNI NlaIIr ||

I
1 |- | | | 11

ACAAARAGCTCAATTAGCCACTGGATAAAACATGACAACCATGCGTTCACATGATGCAAT
61 ——-=mmmm- Fmmm e dmm e T e T e + 120
TGTTTTTCGAGTTAATCGGTGACCTATTTTGTACTGTTGGTACGCAAGTGTACTACGTTA

Tsp509T MaeIII
“Bst4CT Tsp5091 Tsp45I CviRI
TCGTGATTTTCAATTCACCAAAGACAGTCTAAAAGATAAAATTATTTTGGTGACAGETGC
121 -~ - e ks Formm e Femm - Fommm————- o ———— + 180
AGCACTAAAAGTTAAGTGGTTTCTGTCAGATTTTCTATTTTAATAAAACCACTGTCCACG

Bst4CI
Cac8I Fnu4HI CviRI |
HphI BbvI Bsgl Tsel| Acil |
( | LT l |
AGGCGATGGGATAGGCAAAGTTGCTGCTTTGACTTATGCCAAATGCEGTECAACGGTTCT
181 ----e-e-- Fomm e tom s tommm e e it it + 240
TCCGCTACCCTATCCGTTTCAACGACGAAACTGAATACGGTTTACGCCACGTTGCCARGA

Tsp5091
MnlI |
| |
TTTGCTGGGTAAAACTCAATCAAAACTTGAAGTGGTTTATGATGAAATTGAGGCACTTCGE
241 - e il Fommm R B et e + 300
AAACGACCCATTTTGAGTTAGTTTTGAACTTCACCAAATACTACTTTAACTCCATGAACC
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SmlT
DpnI
Faul
BstYI
MboI
NlaIII
Btgl
BsaJl |
BstDST | Cac8I CviRI
Ncol | AciI | BstAPI |
Cac8I StyI | BsrBI | MwoI |
Mwol | XemI | | AlwI| | SfaNI | | CviRI
| | 1] I | 1] l

GTTGGCGTTGCCTGCCATTTTGCCCATGGATCTTGAGCGGGCAGATTTTGCACAGATGCA
301 ---mmmoe- T FUSR Fmemmmemna N Fmmmm + 360
CAACCGCAACGGACGGTAAAACGGGTACCTAGAACTCGCCCGTCTAARACGTGTCTACGT

Tsp509T
Msel
CvidI |
Cac8I |

cacs8r | | | Fnu4HI
AluI | | |1 Apol CviRI|
CcvidI | | | | Tsp509T MslI  CacsI Tsel|
LT | | |

ARAGCTGGCAGGCTTAATTGARAAAGAATTTGGACATCTTGATGGCGTGCTACATAATGC
361 ~~------- Fomm - e e e dmmmm - + 420

TTTCGACCGTCCGAATTAACTTTTTCTTAAACCTGTAGAACTACCGCACGATGTATTACG

BspMI
Dpnl
Mbol
DpnI
HphT |
Hgal MboI |
SmlI | RsaI | |
Bbvl BsmFI| | Csp6I| | |
CviJgI  BslI | BsaHI ] |atwz || | | FauT

I | 1 l NI

AGCCATTTTGGGGACATTGACGCCACTTGAGATGTACGATCCGATCACCTTTGAGCAGGT
421 -—-----oo SR —— R Hrommm Hmmm e fomm - + 480
TCGGTAAAACCCCTGTAACTGCGETGAACTCTACATGCTAGGCTAGTGGARACTCGTCCA

MslI
AciI|
NlaIII|
BstAPI || Cvigl TsSp5091
MwoI || HphI | NlaIII CviJgI | AciI Cac8I

|11 [ I || l |
CATGCGGGTGAATATGACAGCCGTATTCATGCTGACCCAAAGCCTAATTCCGCTACTGCG
481 —--mmmmmo dmmmm e pommmm IR dmmmm e O + 540

GTACGCCCACTTATACTGTCGGCATAAGTACCACTGGGTTTCGGATTAAGGCGATGACGC
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CviJzx CvidI Fnu4HI
FnudHI | BbvI| Tsel | Bbvl
CviRI| | Fnu4HI| | Fnu4HI || CviRT |
TseI| | Acit||| Bsgl TseI| || BbvI || XemI

] L] | 1] | 1] |

TGCAGCCCAAAGCGGECTCGCTECTATTTACAAGCAGCAGCCETCEGTGCAAGACCARGAGC

541 ----~onn- fommmm e
ACGTCGGGTTTCGCCGAGCCACCATAAATGTTCGTCGTCGCACCCACGTTCTGATTCTCG
HphI
CviRI AciI NlaIII |

| I

GITTTGGGGTGCTTATGCACTCTCAAAACAAGCGETTGAAGGCATGGCAACCATTTTCAC

CAAAACCCCACGAATACGTCGAGAGTTTTGTTCGCCAACTTCCEGTACCGTTGETAAAAGTG

BstNI
ScrFI
Tsp5091 BssKI |
NlaIII Msel| PspGI |[CviRI Csp6I

| | | |

CCAAGAAACCCAAAACATGACAGCACTTCGCGTTTAATTG

GETTCTTTGGGTTTTGTACTGTCGTGAAGCCARATTAACATAGTTAGGACCACGTTGAGC

NlaIv
AvaIl
NlaIIT Eco0109I
BseSI | BstNI |
BsiHKAI | ScrfI |
Bspl286%  [BssKI | | BseMII
CviRI | | MnlI | | MseI  Bsu36I
ApaLI | | |PspGI | PpuMI AflII|BsaHI
Rsal Cac8I | |NspI | | Saus6I | HphI SmlI|MnlI|Ddel
| LT I l | i

TACCAATATGCGTGCACATGCTTTTCCACGETGAGGACCCTTATACACTTAAGACGCCTGA

ATGGTTATACGCACCGTETACGAAAAGETCCACTCCTGGGAATATGTGAATTCTGCGGACT

EcoRV  BsrI Acil
Hgal |NlaIII| MnlI Cac8I | MselI

| | | | | |

GGATATCATGCCAGTTTATGTGTATTTGATGACAGATCAGECAAGCGETATTAARGGTCA

CCTATAGTACGGTCAAATACACATAAACTACTGTCTACTCCETTCGCCATAATTTCCAGT

CviJr
BlpI | CvidI
DdeI | MwoI |

I I

AGTGATTGATTGCCAACCAARARAACGCTTAGCCGAT TTAGCCAACACABATAACATCATT
841 -~------- e Frmmm e~ B drmm e Fromm e + 900
TCACTAACTAACGGTTGETTTTTTGCCAATCEGCTARATCRRTTGTETTTATTGTAGTAA
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Msel Drarl ApoI
cvigr | MseI|BsrI Tsp509I Msel

| R |

GTTATTATCAAATCAGCCTTAACCTACACTCTTTAAACCAGTCGTGGCAAATTTTTTAAC
CAATAATAGTTTAGTCGGAATTGCGATGTGAGAAATTTGETCAGCACCGTTTAAAAAATTG
CAAAACTTCAC

961 ~-=m-men- +- 971
GTTTTGAAGTG
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Figure 13. Sequence of M. catarrhalis OprM gene designated

MCA100564

cccaatgttt tatgtttggg tgcgtacgct atttcectat aagccaaaag ctcagectgt 60

aacccatgct aaatctcatg aacatgttta aggattgatt atg aaa atc tct aca 115
Met Lys Ile Ser Thr
1 5

act gca cgt atc ttg acg ctc tca geg ctg geg att gge atg gca get 163
Thr Ala Arg Ile Leu Thr Leu Ser Ala Leu Ala Ile Gly Met Ala Ala
10 15 20

tgt agt agc att cca aag aaa att gac aca tcg gca ccg att ttg geg 211
Cys Ser Ser Ile Pro Lys Lys Ile Asp Thr Ser Ala Pro Ile Leu Ala
25 30 35

gtg cct aat gtg cct atg aag gat ggc tat caa gtc tat gat gect gac 259
Val Pro Asn Val Pro Met Lys Asp Gly Tyr Gln Val Tyr Asp Ala Asp
40 45 50

acc atc agt gtg gcg cag gca cca agce gtg gca tca cta cge tgg cag 307
Thr Ile Ser Val Ala Gln Ala Pro Ser Val Ala Ser Leu Arg Trp Gln
. . &5 -
gaa ttt tat aca aat cct aaa ctt gca gct ttg att gag ctt get tta 355
Glu Phe Tyr Thr Asn Pro Lys Leu Ala Ala Leu Ile Glu Leu Ala Leu

70 75 80 85

caa aat aac aaa gac ttg caa tct gcg gtc tta gecec gtg caa tca gec 403
Gln Asn Asn Lys Asp Leu Gln Ser Ala Val Leu Ala Val Gln Ser Ala
90 95 100

cgt gct caa tat caa att acc gaa gct ggc agc gtg cca caa gtc ggc 451
Arg Ala Gln Tyr Gln Ile Thr Glu Ala Gly Ser Val Pro Glm Val Gly
105 110 115

tca aat acc agt gtg aca cgc caa gcg aat aac cgt atc gat gcc aat 499
Ser Asn Thr Ser Val Thr Arg Gln Ala Asn Asn Arg Ile Asp Ala Asn
120 125 130

gct tca acc aat tat cat gtt ggg ctt geg atg agt ggt tat gag ctg 547
Ala Ser Thr Asn Tyr His Val Gly Leu Ala Met Ser Gly Tyr Glu Leu
135 140 145

gat tta tgg ggc aaa gtt gcc agt caa aaa cag caa gca cta cat caa 595
Asp Leu Trp Gly Lys Val Ala Ser Gln Lys Gln Gln Ala Leu His Gln
150 155 160 165

tat ttg gca acc aac gcc gcc aaa gac gcc gtt cag att tca ate atc 643
Tyr Leu Ala Thr Asn Ala Ala Lys Asp Ala Val Gln Ile Ser Ile Ile
170 175 180

tca agc gtc gcc caa ggt tac gtt aac tta get cac get ttg gct caa 691
Ser Ser Val Ala Gln Gly Tyr Val Asn Leu Ala His Ala Leu Ala Gln
185 190 195
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Figure 14. Restriction enzyme analysis of the M. catarrhalis

OprM gene designated MCA100564
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GCCAAGTCTACAAGCAGCAAGTTCACTTGAGTCAGCACGATTGGCAGTATATGCAGCAGA

CGGTTCAGATGTTCGTCGTTCARGTGAACTCAGTCGTGCTAACCGTCATATACGTCGTCT
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AlwNI

Fnu4HI

Alul|

MaeIII CviJI]

MwoI | MspAlI]

BbvI BbvI | | PvuIr] Rsal
BsrI | Msel cvidI | | |  TseI Csp61I |

| | | I |
TACCAGTATCTTAAAAGCCAAARATGCGTTACAGCTGCTGATTGGTCGTCCTGTACCARA
————————— T R it Sttt T il -1 1 ¢

841
ATGGTCATAGAATTTTCGGTTTTTACGCAATGTCGACGACTAACCAGCAGGACATGGTTT
NdeI
Nsil
CviRI |
XemI |
PpuloI | |
Alul Bsrl I ]|
CviJI SfaNI MwoI | | ] BspMI
| |

| | | 1]
CGAGCTACTACCAGCGATAGATGCCAGTATGCATATGGGTCATATTACCACACAGACATT
————————— R T e D e e S A1Y

901
GCTCGATGATGGTCGCTATCTACGGTCATACGTATACCCAGTATAATGGTGTGTCTGTAA

MwolX

BlpI

" Bsgl Ddel

Alul | CvidI|

CviJI | Cac8I ||

Cac8I | | CviRI | |}

CviRI MwoI| | | BseMII | | ||

I L 11
GCTGA

l 1|

GTTTAGTGCAGETTTGCCCAGCGAGCTTTTATATTATCGCCCAGATATTATGCAG
Y- R —— fomom - Fmmmmm———— Fmmmm e O B + 1020

CAAATCACGTCCARACGGGTCGCTCGARAAATATAATAGCGGGTCTATAATACGTCCGACT

Fnu4HI
BstAPI
BbvI Hhal
Mwol
Tsel

BStAPI |
BstUT |

|

|

Fnu4HI ] ]

SfaNI | . HinpPiI |
|

BspMI |TseI| MwoI | Bbvl cac8I | | Taql

. |1 I | | |

GCATCGCCTAAAAGCAGCAGGTGCAAATATCAATGTGGCACGCGCTGCTTATTTTCCGTC
————————— dmmmmmmmmmdmmmm e em e cmemge—m—=————deoeo—————4 1080

CGTAGCGGATTTTCGTCGTCCACGTTTATAGTTACACCGTGCGCGACGAATARAAGGCAG

HinfI Bst4CI HinfI
TELT MaeIIl | TEilI

GATTCGTTTATCATCTAATGTGGGATTTAGTAGTAACAGTTTGAATAACTTATTTGAATC
1081 ----=---= 4mmmmm o b RS T R + 1140

CTAAGCAAATAGTAGATTACACCCTAAATCATCATTGTCARACTTATTGAATAAACTTAG
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Cac8I
Cvidr | SfaNI .
HaeIII | Cac8I | Cac8I
Sau9e6Il | | Alul | | Begl |
CviJI  Begl | ] | CvidI | | CviRI |
I

| L1 | 1] | |

AAGTGCTTTGGGCTGGTCTTTTGGEGCCTGCCGATTAGCTTGCCTATCTTTGATGCAGGCAG

TTCACGAAACCCGACCAGAAAACCCGGACGCTAATCGAACGGATAGAAACTACGTCCGTC

NlaIIr BlpI
XemI | Hhal Ddel
BspHI ||HinP1I |MwoI | BseMII

| 1l I

TCGCCGTGCCAATCATGAGATGGCGCAAGTTGCTCAGCAGTCGECATTGGTGGATTATGA

AGCGGCACGGTTAGTACTCTACCGCEGTTCAACGAGTCGTCAGCCGTAACCACCTAATACT

Hgal
CviRI
Cacs8lI
MwoI
FokI

BlpI
DdeI
Alul|
CvidI|
Alur Dral BstF5I ||
cvigl MseI | BseMII | |-
I || |1l

AAAAGCTATTCAAAATGCCTTTAAAGAAGTGTCGGATGTTTTAGCTGAGCGTGCAACTTT

TTTTCGATAAGTTTTACGGAAATTTCTTCACAGCCTACAAAATCGACTCGCACGTTGAAA

Cac8l
SfaNI| HinfI
CviJI||  Eco57I TELiT Tsp509I Bst4CI ECORV

AGGCTTGCGTCTTGATGCCCAGATTCGCCTTCAGGATAATTACCGTCAAACTTATGATAT

TCCGAACGCAGAACTACGGGTCTAAGCGGAAGTCCTATTAATGGCAGTTTGAATACTATA

Rsal Hgal
BsaBI Csp6I| BsaHI  AciI]
CviRI Tsp5091 | Bst4CI|| BsrI BsrBI|

CGCTTATGCAAGATTTCGTTCTGGATTGCATAATTATCTGACGGTACTGGACGCCGAGCE

GCGAATACGTTCTAAAGCAAGACCTAACCTATTAATAGACTGCCATGACCTGCGGCTCGC
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AluI
AseI CvidI
Msel sfel | CviJI

GTCTTTATTTATTAATCAGCAAAATATACTACAGCTTGAACTTGCCAAGTTAGTCAGCCA
CAGAAATAAATAATTAGTCGTTTTATATGATGTCGAACTTGAACGGTTCAATCAGTCGGT

Msel

Alul

BseMII

CviJI

AciI Cac8I |

Fnu4HI |HindIII |

Alul BslI | | MwoI]| | BlpI Apol
Cvidl PfIMI Acil| |CviRI|| | DdeI Tsp5091

l |t l |

AATCCAGCTATACCAAGCATTGGGCGECGGTGCAAGCTTAACTGCTGAGCAAATCACAGA

TTAGGTCGATATGGTTCGTAACCCEGCCGCCACGTTCGAATTGACGACTCGTTTAGTGTCT

BstXI
MslI |
NlaIIT Nlarir| |
MseI . -~HgaI'CvidI = | cvigI - || | BstF5I  FokI’

| | 1 -

ATTTAATCGTCAGCGTGAAGCCATGCGTCCAGCCATGCTGATGGATGACGAAAAATCCCA

TAAATTAGCAGTCGCACTTCGGTACGCAGGTCGGTACGACTACCTACTGCTTITTTAGGGT

CviJdI
HphI BstXI

ATAGGCTGATAATCACCCAACARCCCAATATACCAACCAAGATATTGGGTTGTTGGGCAT

TATCCGACTATTAGTGGGTTGTTGCGTTATATGCTTGGTTCTATAACCCAACAACCCGTA

Bst4CI
sfaNI |
Tsp509I | | CviRI Bsgl

CAATTACCACCGTTTAGATTGTGCAGATTGAATGTGGGTTGTTA
--------- e T Tt TR 1Y

GITAATGGTGGCAAATCTAACACGTCTAACTTACACCCAACAAT
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Figure 15. Sequence of M. catarrhalis collagenase gene

designated MCA100567

taaaattaaa ttaaatataa ttttggtgat gatacaaccc taaaagtaga aaaatttget 60

ataatacaaa taattttgac cataaaaaag agcattcatt atg acc tcec cca atc 115
Met Thr Ser Pro Ile
1 5

gcc caa aaa tct gaa ctg ctt tgt cct gct ggc aca ttt aag aac atg 163
Ala Gln Lys Ser Glu Leu Leu Cys Pro Ala Gly Thr Phe Lys Asn Met
10 15 20

caa tat get ttt get tat ggg gca gat gecg gtg tat gca ggg caa gcc 211
Gln Tyr Ala Phe Ala Tyr Gly Ala Asp Ala Val Tyr Ala Gly Glu Ala
25 30 35

cgt tac tet ttg cgg gtg cgt aac aac gac ttt gat gaa gaa aat ttg 259
Arg Tyr Ser Leu Arg Val Arg Asn Asn Asp Phe Asp Glu Glu Asn Leu
40 45 50

gca aaa ggc att gcc tac gce cat teg ctt gge aaa aag ttt tat gtg 307
Ala Lys Gly Ile Ala Tyr Ala His Ser Leu Gly Lys Lys Phe Tyr Val
55 60 65

gtg gtg aac att caa gca cac aac gcc aaa tta aaa acc ttt att gaa 355
Val vVal Asn Ile Gln Ala His Asn Ala Lys Leu Lys Thr Phe Ile Glu
70 75 80 85

gac att cgc cct gtec att gaa atg aaa cct gac geg ctt atc atg tcc 403
Asp Ile Arg Pro Val Ile Glu Met Lys Pro Asp Ala Leu Ile Met Ser
90 95 100

gat gct ggc atg att atg atg gtg cga gaa gct ttc ccec aat caa gtc 451
Asp Ala Gly Met Ile Met Met Val Arg Glu Ala Phe Pro Asn Gln Val
105 110 115

att cac ctg tca gta caa gcc aat gce gtg aac tgg gca acg gtg aag 499
Ile His Leu Ser Val Gln Ala Asn Ala Val Asn Trp Ala Thr Val Lys
120 125 130

ttt tgg cag cag atg ggc att agc cgt gtg att tta agc cgt gaa tta 547
Phe Trp Gln Gln Met Gly Ile Ser Arg Val Ile Leu Ser Arg Glu Leu
135 140 145

tca ctc aaa gaa att gag caa atc atc aaa gaa gtg cct gac atg gag 595
Ser Leu Lys Glu Ile Glu Gln Ile Ile Lys Glu Val Pro Asp Met Glu
150 155 160 165

gtt gaa gtt ttt gtg cat ggg gcg ctg tge atg gca tat tet ggg cgg 643
Val Glu Val Phe Val His Gly Ala Leu Cys Met Ala Tyr Ser Gly Arg
170 175 180

tgc ttg cte tet gge tat atc aac aaa cga gac gcc aac caa gge act 691
Cys Leu Leu Ser Gly Tyr Ile Asn Lys Arg Asp Ala Asn Gln Gly Thr
185 190 195
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Tyr
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Ala
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Asp

cat”
Val I
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cge
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caa

Gln
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Ala
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aat
Asn

aac
Asn

aac
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cta
Leu
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Ala

ttg
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Pro
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ggt
Gly
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Lys

gtt
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cca
Pro
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Asn
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gcg gtg gag
Ala Val Glu

tte gte ccce
Phe Val Pro

gtc gte atg
Val vVal Met
245

ctec att gaa
Leu Ile Glu
260

gac gaa cat
Asp Glu His
275

gag ctg gtg
Glu Leu Vval

‘gag’ggg cgt

Glu_Gly. Arg

tat cge cgt

Tyr Arg Arg
325

gga ctc atc
Gly Leu Ile
340

gga ttt tta
Gly Phe Leu
355

ggce tca tcect
Gly Ser Ser

atc agc gat
Ile Ser Asp

gge gat acc
Gly Asp Thr
405

cta act gag
Leu Thr Glu
420

739

787

835

883

931

979

1027

1075

1123

1171

1219
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1315
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att gat
Ile Asp
430

ttt aag
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agc gtg
Ser Val

ggt
Gly
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1507
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Figure 16. Restriction enzyme analysis of the M. catarrhalis

collagenase gene designated MCA100567

Msel
Tsp509I |
MseI | | Apol
TspS09I | | |Tsp509I HphI Tsp509I

|11

TAAAATTAAATTAAATATAATTTTGGTGATGATACAACCCTAAAAGTAGAAAAATTTGCT
ATTTTAATTTAATTTATATTAAAACCACTACTATCGTTGGCATTTTCATCTTTTTAAACGA

Tsp509I BsmI MnlI

ATAATACAAATAATTTTGACCATAAAAAAGAGCATTCATTATGACCTCCCCAATCGCCCA
TATTATGTTTATTAAAACTGGTATTTTTTCTCGTAAGTAATACTGGAGGGGTTAGCGGGT

CviRI
NlaIII
Cac8I Msel NspI SfaNT

AAAATCTGAACTGCTTTGTCCTGCTGGCACATTTAAGAACATGCAATATGCTTTTGCTTA

"TTTTAGACTTGACGAAACAGGACGACCGTGTAAATTCTTGTACGTTATACGAAAACGAAT

MaeITI =~

Cvidgr |
CviRI Cac8I | |
MwoI AciI MwoI | MwoI| | |Faul  Acil MaeIII

| | Il | |

TGGGGCAGATGCGGTCTATGCAGGGCAAGCCCGTTACTCTTTGCGGGTGCGTAACAACGA
ACCCCGTCTACGCCACATACGTCCCGTTCGGGCAATGAGAAACGCCCACGCATTGTTGCT

Apol
Tsp509I MboII BsrDI BstXI

CTTTGATGAAGAAAATTTGGCAAARGGCATTGCCTACGCCCATTCGCTTGGCAAAAAGTT
GAAACTACTTCTTTTAAACCGTTTTCCGTAACGGATGCGGGTAAGCGAACCGTTTTTCAA

Msel
Tsp509I | BbsI
Hphl  MwoI | XmnI |

| I | | | |

TTATGTGGTGGTGAACATTCAAGCACACAACGCCAAATTAARAACCTTTATTGAAGACAT

AATACACCACCACTTGTAAGTTCGTGTGTTGCGGTTTAATTTTTGGAAATAACTTCTGTA

60

120

180

240

300

360
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NlaIIX
Hgal |
SfaNI | |
HhaI || | MslI
BstUI | || | NlaIII|
MboII Ms1lI HinP1I | || | Cac8I |
|

| | | | | | ||

TCGCCCTGTCATTGAAATGARACCTGACGCGCTTATCATGTCCGATGCTGGCATGATTAT

AGCGGGACAGTAACTTTACTTTGGACTGCGCGAATAGTACAGGCTACGACCGTACTAATA

Alur Rsal
CviJI Csp6I|
HindITI | HphI TatI||CviJI

l | |11

GATGGETGCGAGAAGCTTTCCCCAATCAAGTCATTCACCTGTCAGTACAAGCCAATGCCGT

CTACCACGCTCTTCGAAAGGGGTTAGTTCAGTAAGTGGACAGTCATGTTCGGTTACGGCA

Bst4CI

BsrI | Fnu4HI
BmrI | | HphI | cvidr CvidJI
Bsll | | | TseI| BbvI | MseI |

Pl | | |

GAACTGGGCAACGGTGAAGTTTTGGCAGCAGATGGGCATTAGCCGTGTGATTTTAAGCCG

CTTGACCCGTTGCCACTTCARAACCGTCGTCTACCCGTAATCGGCACACTARAATTCGGC

NlaIII
Tsp509T Tsp5091 MnlI |
|

TGAATTATCACTCAAAGAAATTGAGCAAATCATCAAAGAAGTGCCTGACATGGAGGTTGA

ACTTAATAGTGAGTTTCTTTAACTCGTTTAGTAGTTTCTTCACGGACTGTACCTCCAACT

NlaIII
CviRI
HaeIl
Hhal |
HinP1I ||
MwoI| ||
NlarrI || || Cac8I
evirt | || || AciI MwoI| Cvidl
|1 |l l
AGTTTTTGTGCATGGGéCééTGTGCATGGCATATTCTGGGCGGTGéTTGCTCTCTGGCTA
601 ----=---=~ Hmmmmmmo - R hmmmm - Hommmmem e Fommm o + 660

TCAAARACACGTACCCCGCGACACGTACCETATAAGACCCGCCACGAACGAGAGACCGAT

HgaIl
BsmAI BsaJI| TSp5091
BsmBI BsaHI  StyI| CviRI BslI

I | | | |

TATCAACAAACGAGACGCCAACCAAGGCACTTGCACCAATGCCTGTCGCTGGAATTACAA

ATAGTTGTTTGCTCTGCGETTEGETTCCGTGAACGTGETTACGGACAGCGACCTTAATGTT
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Psil AciI BsmFI EcoRV BsmFI

| l l l

CACTTATAAAGCGGTGGAGAATGAAACAGGCGATATCGTCCCTGCCAACCCAGAAGTGTT
GTGAATATTTCGCCACCTCTTACTTTGTCCGCTATAGCAGGGACGGTTGEGGTCTTCACAA

BmrI BsrDI
BsrI|BslI Mwol HincII NlaIII

1 | |

CGTCCCCAGTCAAGGCGAGATTAGCAATGTCAACCTAAATGGCCGATGTCGTCATGGACGA

GCAGGGGTCAGTTCCGCTCTAATCGTTACAGTTGGATTTACCGCTACAGCAGTACCTGCT

Rsal
MnlI Csp6I|
Bst4CI| TatI] | MboII

| ] |

TGATTATGTAGAAAAACCGTCCCGATGAGGTTGTACTCATTGAAGAACAAGGTCGCAAGGG

ACTAATACATCTTTTTGGCAGGCTACTCCAACATGAGTAACTTCTTGTTCCAGCGTTCCC

Apol
EcoRI
MboII NlaIII
_Alul . -7 7. NlaIII.©~ . Tsp509I.
CvigI- . HphI- . “* = - - Bbs1” |- BspHI | °

e |

TGAGCTGATGGCGATGTATGAAGACGAACATGGCACTTATATCATGAATTCAAAAGACTT

ACTCGACTACCGCTACATACTTCTGCTTGTACCGTGAATATAGTACTTAAGTTTTCTGAA

NlaIv Tsp509T
BanI | BsmI MnlI |

AciI Alul | | CviRI Dral|
Cac8I | cCvidI | | Cac8I | MseI|] |

| | |1 | | |11

GCGTGCGGTGGAGCTGGTGCCTGATTTGGTCAATATGGGCGTGCATTCTTTAAAAATTGA

CGCACGCCACCTCGACCACGGACTAAACCAGTTATACCCGCACGTAAGAAATTTTTAACT

BpulOI

DdeI

BSrBI|

AciI ||
Rsal MwoI| || SfaNT
Csp61| MslI cac8I || || BseMII |

| | | 1T

GGGGCGTACCAAATCGCATTATTATEGTCGCTCECACCGCTCAGGTCTATCGCCGTGCCAT

CCCCGCATGGTTTAGCGTAATAATACAGCGAGCGTGGCGAGTCCAGATAGCGGCACGGTA
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HhaT
CvidI TspRI Cac8I
Cac8I | MlyT HinP1I | CvidI |
Cacs8I | | Plel HinfI BtsI | | MwoI | |

S R A S O N

TGATGATGCTTTGGCAGGCAAGCCATTTGATACAGGACTCATCACTGCGCTTGATGGGCT
1081 ~---~-~~-- e i o o Fommmm - Fommm + 1140
ACTACTACGAAACCGTCCGTTCGGTAAACTATGTCCTGAGTAGTGACGCGAACTACCCGA

BsmI
CviRI
NlaTIII | Tsp509T
| | |
TGCCARTCETGETTATACCGAAGGATTTTTACGCCETCATGTGCATTCTGATTACCAARA
1141 ~=----==- fmmmmm———o fommmeem e Fommmm e Fmmm - e + 1200
ACGGTTAGCACCAATATGGCTTCCTAAAAATGCGCGCAGTACACGTAAGACTAATGETTTT

AciT
CviJI Ddel MwoI

TTATGAATACGGCTCATCTAAGACCGACAATCAGCAGTTTGTCGCTGAAGTGGCGGACAT
1201 --------- TR — SR RO FURT— $rmmm e + 1260

AATACTTATGCCGAGTAGATTCTGGCTGTTAGTCGTCAAACAGCGACTTCACCGCCTGTA

EciI AluT
Eco57I | Bst4CI CvidI

CAGCGATGAGCGTTTGACTTTGACTGTCAARAAACAAGCTGATGGTGGGCGATACCATTGA
1261 ---==-=-- dmmm e fommmm o Fmm e e R e + 1320
GTCGCTACTCGCARACTGAAACTGACAGTTTTTGTTCGACTACCACCCGCTATGGTAACT

HinfI
NlaIII
BspHI | BseMII
MlyI | [ " Alur |
PleI | |AciI cvidr | DdeI MnlI

Pl | | |

AATCATGACTCCGCAGGGGAATGTTAGCTACACGCTAACTGAGATGTGGGATAARAAAGG
1321 --------- fmmmmmmam A - —— T I + 1380
TTAGTACTGAGGCGTCCCCTTACAATCGATGTGCGATTGACTCTACACCCTATTTTTTCC

CvidI Tsp5091 Msel
CGAGGCGATTGATGGTGCGTTAGGCTCTGGTTCGGGTGTGTCAAATTGCCAATCCCTTTAA
1381 ---=-=-m- fmm Fmmm e R dmmmmmmm e e + 1440
GCTCCGCTAACTACCACGCAATCCGAGACCAACCCACACAGTTTAACGGTTAGGGAAATT

ApoI
Tsp5091
Tail [
BtrI | |
MaeIT{ | | Bfal Man
. |
GGATATGGATAAAGACGTGCTAARATTTGCCCTAGTGATGAARAGCGTGAGTGAGGCGAT
1441 —-——===-- e gommm e I prmmmmmm fmmm e + 1500
CCTATACCTATTTCTGCACGATTTTAAACGGGATCACTACTTTTCGCACTCACTCCGCTA



WO 02/18595

PCT/CA01/01221

46/189
BlpI ApoI
DdeX Tsp509T
Alul| CviRI |
CviJI|AciI HphI |MseI | HgaT

. I |

TTATAGCTAAGCGGTGATTGTTATATGCAGTTAAAATTTATGGATTTTTGTTCTGRCATA
AATATCGATTCCGCCACTAACAATATACGTCAATTTTAAATACCTAAAAACAAGACCGTAT

Cac81I

BsaHI Bfal CviRI |NlaIII
CviRI | Xbal|Bsgl | | NspI
|

| N

GGTGCAGGGCGTCTGGGTCTAGAAAATGCAGGCATGTGCTGTGTTGCTCA

CCACGTCCCGCAGACCCAGATCTTTTACGTCCGTACACGACACAACGAGT
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Figure 17. Sequence of M. catarrhalis outer membrane

phospholipase A gene designated MCA100712

tcgeccttgat gaaacaattt ggcagaccat caaaggcaaa ccccaggtta tctatcaaga 60

aacgacagat ccgatttttt taatgggtaa tgaaaaaggc atg ctg acc aaa aaa 115
Met Leu Thr Lys Lys
1 5

gat gcc aaa cag ctt gaa tat gca gcc aaa cag ttt aca cca ctg agce 163
Asp Ala Lys Gln Leu Glu Tyr Ala Ala Lys Gln Phe Thr Pro Leu Ser
10 15 20

tta tca ttt gat tta gac cga aat aat aca cca ctt tgg tca tca cga 211
Leu Ser Phe Asp Leu Asp Arg Asn Asn Thr Pro Leu Trp Ser Ser Arg
25 30 35

cca cac aat ccg atg tat gta ttg cce ata ttt atg cac ggt aag cct 259
Pro His Asn Pro Met Tyr Val Leu Pro Ile Phe Met His Gly Lys Pro
40 45 50

aat cga agc cca aat acg ccc agt cat gaa gca aaa caa ttt acc cca 307
Asn Arg Ser Pro Asn Thr Pro Ser His Glu Ala Lys Gln Phe Thr Pro
55 60 65

aat gaa ttt cgt gct ccc gag cta aaa ttt cag gtt tet gtt aag gtt 355
Asn Glu Phe Arg Ala Pro Glu Leu Lys Phe Gln Val Ser Val Lys Val
70 75 80 85

aaa gct gct gag gat tta tgg ggg acg gat tca gat tta tgg ttt gga 403
Lys Ala Ala Glu Asp Leu Trp Gly Thr Asp Ser Asp Leu Trp Phe Gly
. 90 95 100

tat aca cag caa tcg cac tgg cag att ttt aat gga aaa aac tct cgt 451
Tyr Thr Gln Gln Ser His Trp Gln Ile Phe Asn Gly Lys Asn Ser Arg
105 110 115

cct ttt aga gta cat gac tac cag cca gag att ttc tta act caa cct 499
Pro Phe Arg Val His Asp Tyr Gln Pro Glu Ile Phe Leu Thr Gln Pro
120 125 130

gta tac tca gac tta cca tgg gat ggc aaa gtc cgc atg att ggc atg 547
Val Tyr Ser Asp Leu Pro Trp Asp Gly Lys Val Arg Met Ile Gly Met
135 140 145

ggt gecg gta cat cat tcc aat ggt gaa agt gecc aaa ctg tet cge tea 595
Gly Ala val His His Ser Asn Gly Glu Ser Ala Lys Leu Ser Arg Ser
150 155 160 165

tgg aat cgt gect tat ttg atg gca ggc atg gaa tgg aaa aac ctg act 643
Trp Asn Arg Ala Tyr Leu Met Ala Gly Met Glu Trp Lys Asn Leu Thr
170 175 180

gtc atg cca cgc att tgg ggg cgt atc ttt aaa gag ggt agt ggc age 691
Val Met Pro Arg Ile Trp Gly Arg Ile Phe Lys Glu Gly Ser Gly Ser
185 190 195
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cag cca gat gat aat cct gat atc ttg gac tat tat ggt tat ggt gat 739
Gln Pro Asp Asp Asn Pro Asp Ile Leu Asp Tyr Tyr Gly Tyr Gly Asp
200 205 210

gtg cgt ttt tta tat caa cta gaa aat aaa agt aat att tca ggt acg 787
Val Arg Phe Leu Tyr Gln Leu Glu Asn Lys Ser Asn Ile Ser Gly Thr
215 220 225

gta cgc tat aat cca cge tca ggc aaa ggt gcg ttg caa ctt gac tat 835
Val Arg Tyr Asn Pro Arg Ser Gly Lys Gly Ala Leu Gln Leu Asp Tyr
230 235 240 245

gtc tat ccg ctt ggt aag gga att agt gge tat ttt caa ata ttt caa 883
Val Tyr Pro Leu Gly Lys Gly Ile Ser Gly Tyr Phe Gln Ile Phe Gln
250 255 260

ggc tat ggg cag tct ttg att gat tat aat cat gag gcg aca agc ttt 931
Gly Tyr Gly Gln Ser Leu Ile Asp Tyr Asn His Glu Ala Thr Ser Phe
265 270 275

gge gte gga ctt atg ctt aac gac tgg atg ggt cta taa ctcaacggca 980
Gly Val Gly Leu Met Leu Asn Asp Trp Met Gly Leu
280 285 290

,aatcaa&atg gaacacggc; tgataaactt gctaaaaaac cataagcata agcgggettt 1040 -

taatcagggc gttttagcta agéctgtattAﬁgét - E .- 1074
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Figure 18. Restriction enzyme analysis of the M. catarrhalis

outer membrane phospholipase A gene designated MCA100712

BStNI
ScrFI

BsaJI |

BssKI |

Tsp5091 PspCI |

|

TCGCCTTGATCGAAACAATTTGGCAGACCATCAAAGCGCAAACCCCAGGTTATCTATCAAGA

SfaNI

NlaIII |

DpnI NspI |

BstYI | SphI |
AlwI MboI | MseI Cac8I | |

| | | | |

AACGACAGATCCGATTTTTTTARTGGGTARTGAARAAGGCATCGCTGACCAARARAGATGC
6l -~=—-—=-- o o Fromm e R et e e +
TTGCTGTCTAGGCTAAAAAAATTACCCATTACTTTTTCCGTACGACTGGTTTTTTCTACG

CvidI Alul

Fnu4HI | BbvI CvidI

Alul CviRI| |  BseMII TspRI
CviJgI TseI| | Bst4cI | DdeI |

| I I |

CAAACAGCTTGAATATGCAGCCARACAGTTTACACCACTGAGCTTATCATTTGATTTAGA
121 --------~- Fommmm - o Fomm - Frmm - e i +
GTTTGTCGAACTTATACGTCGEGTTTGTCAAATGTGGTGACTCGAATAGTAAACTAAATCT

CCGAAATAATACACCACTTTGETCATCACGACCACACAATCCCGATGTATGTATTGCCCAT
181 -----=--- Fommmmm— fommmmmm Frmmmm e Fommm o Rttt +

Cvigl
MwoI | NlaIIT
Bst4CI | | BspHI |
cvirt | | | CvidI BmrI |
MslI | | | | TagI | BsrI| | | Tspsoor

S R S N |

ATTTATGCACGGTAAGCCTAATCGAAGCCCAAATACGCCCAGTCATGAAGCAAAACAATT

TAAATACGTGCCATTCGCGATTAGCTTCGGETTTATGCGGGTCAGTACTTCGTTTTGTTAA

Fnu4HI

Alul|

Apol CviJdr|

Aval Tsp509I BseMII TseI|

Apol BsiHKAI| Alul | Msel |Mnlz) |
Tsp509I  Bspl286I|CviJI | BbvI | MseI |||

o | | L 111

TACCCCAAATGAATTTCGTGCTCCCGAGCTAAAATTTCAGGTTTCTGTTAAGGTTAAAGC

ATGGGETTTACTTAAAGCACGAGGGCTCGATTTTAAAGTCCAANGACAATTCCAATTTCG

60

120

180

240

300

360
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BbvCI
BpuloTI HinfT
DdeI TfiI BsmFI

TECTCGAGGATTTATGGEGGACGGATTCAGATTTATGGTTTGGATATACACAGCAATCGCA

ACGACTCCTAAATACCCCCTGCCTAAGTCTAAATACCAAACCTATATGTGTCGTTAGCGT

NlaIIIl

Rsal |

Bsrl Csp6I| |
TspRI  Msel TatI] | | cvigr

I I |

CTGGCAGATTTTTAATGGAAAAAACTCTCGTCCTTTTAGAGTACATGACTACCAGCCAGA
GACCGTCTAAAAATTACCTTTTTTGAGAGCAGGAAAATCTCATGTACTGATGGTCGGTCT

BStF5I

BslI

P£1MI

BseMII |

NlaIII

Btgl | MwoI

BsadI | | NlaIIT |

DdeI BstDSI | | FokI |

BstZ17I | NecoI | | AciI| ]
Msel AccI| | styl | | Mwol| | |

|

|
| | 1] I

GATTTTCTTAACTCAACCTGTATACTCAGACTTACCATGGGATGGCARAGTCCGCATGAT

CTAAAAGAATTGAGTTGGACATATGAGTCTGAATGGTACCCTACCGTTTCAGGCGTACTA

Rsal HinfI

Csp6TI| TEiT

Acil || Bst4CI NlaIII|
Nlariir | || MslI HphI | BsmAI |

o I L

TEGCATGGETGCGETACATCATTCCAATGGTGAAAGTGCCAAACTGTCTCGCTCATGGAA

541 ------=-- - mmm -
ACCGTACCCACGCCATGTAGTAAGGTTACCACTTTCACGGTTTGACAGAGCCAGTACCTT
NlaIIl NlaIII
Cac8I | Bst4CI | BstXI
| l
TCGTGCTTATTTGATGGCAGGCATGGAATGGAAAAACCTGAC%GTCATéCCACGCAéTTG
601l ---==---~- Fomm Fommmmm - Fmm et fommmmm o + 660
AGCACGAATARACTACCGTCCGTACCTTACCTTTTTGGACTGACAGTACGGTGCGTAAAC
CvidJdl
Cac8I |
Dral cvidgr | |
Msel| Fnu4HI | | | BsaBI
MnlI || TseI| | | | Bbvi | ECORV
|

|11 L1 || l

GGGGCGTATCTTTAARGAGGGTAGTGGCAGCCAGCCAGATGATARTCCTGATATCTTGGA

CCCCGCATAGARATTTCTCCCATCACCGTCEATCEETCTACTATTAGGACTATAGAACCT
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HphI Bfal SspI
CTATTATGGTTATGGTGATGTGCCTTTTTTATATCAACTAGAAAATAARAGTAATATTTC

GATAATACCAATACCACTACACGCAAAAAATATAGTTGATCTTTTATTTTCATTATAAAG

Rsal
Csp61I |
Bst4CI| | BslI
Rsal |||’ BpulOI|] CviRI
csp6I| ||| DdeI | BseMII | TthilllI

L] | | | |

AGGTACGGTACGCTATAATCCACGCTCAGGCAAAGGTGCGTTGCAACTTGACTATGTCTA
TCCATGCCATGCGATATTAGGTGCGAGTCCEGTTTCCACGCAACGTTGAACTGATACAGAT
AciI Tsp5091 CviJdl SspI CviJI

| |

TCCGCTTGGTAAGGGAATTAGTGGCTATTTTCAAATATTTCAAGGCTATGGGCAGTCTTT

N1laITII
BSpHI | Alul
MnlI | | Ccvidr
BsaBI| | | HindIiIT |
Psir| | | HgaI | | BsaHI Msel BsrI

IR | | |

CTAACTAATATTAGTACTCCGCTGTTCCGARAACCGCAGCCTGAATACCGAATTGCTGACCTA

BstF5I FokI CvidI
GGGETCTATAACTCAACGGCAAATCAATATGGAACACGGCTTGATARACTTGCTAAAAAAC
CCCAGATATTAAGTTACCETTTAGTTATACCTTGTGCCGAACTATTTGAACGATTTTTTG

CviJdI

780

840

900

960

1020
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BlpI [
CviJI DdeI |
Cac8I | AluI| |
Faul AciI | |Msel Cvidr| |

| L1l I

CATAAGCATAAGCGGGCTTTTAATCAGGGCGTTTTAGCTAAGCCTGTATTTGAT
1021 ---=-==-- PR Hmmmm e dmmm e m dommm e +=--- 1074
GTATTCGTATTCGCCCGARAATTAGTCCCGCAAAATCGATTCGGACATARACTA
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Figure 19. Sequence of M. catarrhalis gene encoding a

lipoprotein shown in SEQ ID NOs: 19 & 20 designated MCA100800

aataggtttt gtgtgtttat acagccaata gacattcatt gtcagaccca taaaaacatg 60

ctaaactagc ccaaatttag accaattcat gagaattcct atg aaa tca caa aac 115
Met Lys Ser Gln Asn
1 5

aag ctg att gcec gcc atg agg caa ccg act tgg act gtt aca ggt tgce 163
Lys Leu Ile Ala Ala Met Arg Gln Pro Thr Trp Thr Val Thr Gly Cys
10 15 20

aaa agc gcg att gga ctg ttt gac cgc aag gct gat acc gta gaa acg 211
Lys Ser Ala Ile Gly Leu Phe Asp Arg Lys Ala Asp Thr Val Glu Thr
25 ' 30 35

gct gaa aaa aca gat gct geca tat tat caa gaa gcc agt gaa gea ctt 259
Ala Glu Lys Thr Asp Ala Ala Tyr Tyr Gln Glu Ala Ser Glu Ala Leu

gat aaa aat caa aat cgc aac gcc att gaa gca cta aat aac atc cga 307
Asp Lys Asn Gln Asn Arg Asn Ala Ile Glu Ala Leu Asn Asn Ile Arg
55 60 65

acc ttt tat ccg aca ggt caa tat geca cag cag gca ctg cta gat ctce 355
Thr Phe Tyr Pro Thr Gly Gln Tyr Ala Gln Gln Ala Leu Leu Asp Leu

att tat gcc caa tat aaa gcc aat gat ttt gaa gca gtt cta caa agt 403
Ile Tyr Ala Gln Tyr Lys Ala Asn Asp Phe Glu Ala Val Leu Gln Ser
S0 95 100

aca gaa gag ttt att cac cga tac cca aac agc cgc tcg gta gac tat 451
Thr Glu Glu Phe Ile His Arg Tyr Pro Asn Ser Arg Ser Val Asp Tyr
105 110 115

gceg tta tat gtc caa gge gtt act cat atg ggc ggc gct ccc aaa get 499
Ala Leu Tyr Val Gln Gly Val Thr His Met Gly Gly Ala Pro Lys Ala
120 125 130

tet cgt ttg gtt aga ttt gat caa tct cat cgt gat gtg act tat cta 547
Ser Arg Leu Val Arg Phe Asp Gln Ser His Arg Asp Val Thr Tyr Leu -
135 140 145

cgc cta get tte cga gat ttt caa aac ctg ctt aag cac tat cct gat 595
Arg Leu Ala Phe Arg Asp Phe Gln Asn Leu Leu Lys His Tyr Pro Asp
150 155 160 165

agt cca tat gtt gcc gat gcc gea caa cge atg att gec att tat aat 643
Ser Pro Tyr Val Ala Asp Ala Ala Gln Arg Met Ile Ala Ile Tyr Asn
170 175 180

gac ttt gct gag cat gaa ttg gcg gca gcg cgt tgg tat gtc aag cgt 691
Asp Phe Ala Glu His Glu Leu Ala Ala Ala Arg Trp Tyr Val Lys Arg
185 190 195
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gat gcg atg gtg gct get gec aac cga gect aag tgg gtg ttt caa tac 739
Asp Ala Met Val Ala Ala Ala Asn Arg Ala Lys Trp Val Phe Gln Tyr
200 205 210

tat cca cag tce aca ggt gtg cca gaa gct atc gca att ttg get tat 787
Tyr Pro Gln Ser Thr Gly Val Pro Glu Ala Ile Ala Ile Leu Ala Tyr
215 220 225

agc aat caa aag ctt ggc ttg act gag acc gcc aaa cag tac aag cag 835
Ser Asn Gln Lys Leu Gly Leu Thr Glu Thr Ala Lys Gln Tyr Lys Gln
230 235 240 245

tta ctc caa att aat tat ccg caa tat ctc aat caa gat ggt tca gta 883
Leu Leu Gln Ile Asn Tyr Pro Gln Tyr Leu Asn Gln Asp Gly Ser Val
250 255 260

cge ctc agt gat acg ggt gcc aag aca cgc aca caa aag gta tta tca 931
Arg Leu Ser Asp Thr Gly Ala Lys Thr Arg Thr Gln Lys Val Leu Ser
265 270 275

gca cta agc ttt ggg cgt ttg ggg cgt gtc agc gaa aat ctt gac aac 979
Ala Leu Ser Phe Gly Arg Leu Gly Arg Val Ser Glu Asn Leu Asp Asn
280 285 290

tat caa ggt caa tat cat ggc gca aca cgc acc caa atc atc aac caa 1027
Tyr Gln Gly Gln Tyr His Gly Ala Thr Arg Thr Gln Ile Ile Asn Gln
295 300 305

gca ggt geg att age tta cct gece aca acc caa gtc cca gaa gaa att 1075
Ala Gly Ala Ile Ser Leu Pro Ala Thr Thr Gln Val Pro Glu Glu Ile
310 315 320 325

cct aca gect ggt ggt aca aat cat cge cct gee atc agt tta gac ttg 1123
Pro Thr Ala Gly Gly Thr Asn His Arg Pro Ala Ile Ser Leu Asp Leu
330 335 340
cca tca gca gag gca gac gct gga caa tta aat caa ata cca cgc 1168
Pro Ser Ala Glu Ala Asp Ala Gly Gln Leu Asn Gln Ile Pro Arg
345 350 355
taatgccagt ttttaagcaa gttatcattt gttaattata accttatgtt aattataatc 1228

tcaggeggtg tatggtcgee tgagattatt acatcaattg gaattttgga catgaat 1285
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Figure 20. Restriction enzyme analysis of the M. catarrhalis

gene encoding a lipoprotein shown in SEQ ID NO: 19 designated

MCA100800

NlaIIT
Cvidl NspI
| |
AATAGGTTTTGTGTGTTTATACAGCCAATAGACATTCATTGTCAGACCCATAAARACATG
1 —mmmmmm - Fommmmmmom e Fommmmmm Fommmmme o Fommmomm o + 60
TTATCCAAAACACACAAATATGTCGGTTATCTGTAAGTAACAGTCTGGGTATTTTTGTAC‘

Apol
Apol EcoRI
Tsp5091 Tsp5091
cvigr | NlaIII |
Bfal | | BspHI | | Alul
MwoI | | Tep509I | | ] Cvidgr

I |1 I

CTAAACTAGCCCAAATTTAGACCAATTCATGAGAATTCCTATGAAATCACAAAACAAGCT
61 —=-m===-- dmm e o o dmmmmmm Hmmmmm e + 120
GATTTGATCGGGTTTAAATCTGGTTAAGTACTCTTAAGGATACTTTAGTGTTTTGTTCGA

BstUI
Acil Hhal
Fnu4HI NlalIII Bst4CI HinP1I |
MnlI BslI] MaeIII CviRI || Bst4CI

l X l l | | l
GATTGCCGCCATGAGGCAACCGACTTGGACTGTTACAGETTGCAAAAGCGCGATTGGACT

121 —---mmm - e fmmmmmm oo R R o + 180
CTAACGGCGETACTCCGTTGGCTGAACCTGACAATGTCCAACGTTTTCGCGCTAACCTGA

CviRI

BbvI Fnu4HI |

SfaNI AlwNT| |

BciI CviJI Bst4cCI CvidI | TseIl]| |

| | ||
GTTTGACCGCAAGGCTGATACCCTAGAAACGGCTGAAAAAACAGATGCTGCATATTATCA
181 -~------- t--mmmm - Fommmm - Fommmm - +--------- Fmmm—————- + 240
CAAACTGGCGTTCCCACTATGGCATCTTTGCCGACTTTTTTGTCTACGACGTATAATAGT

BsrI TspRI FokI
CviJI| MwoI | BsaBI Mwo I BstF5I
AGAAGCCAGTGAAGCACTTGATAAAAATCARAATCGCAACGCCATTGAAGCACTARATAA
241 ~-------- Hommmmmm o Tt Hommmmmm o o mmm e R + 300
TCTTCGGTCACTTCGTGAACTATTTTTAGT TTTAGCGTTGCGGTAACTTCGTGATTTATT
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AlwNI Dpnl
BstAPI BglIT |
MwoI BstYI |
BtsI | MboI |
Cac8I | |TspRI| |
CviRI MwoI| | |BfaI]] |
l [ N
CATCCGAACCTTTTATCCGACAGGTCAATATGCACAGCAGGCACTGCTAGATCTCATTTA
301 —-—-—mmm—- R fme e R I o + 360
GTAGGCTTGGAAAATAGCCTETCCAGTTATACGTGTCATCCGTGACGATCTAGAGTAAAT
Rsal
Csp6I |
EarI |
CvidI XmnI TatI||  HphI MboII
| | ] | |
TGCCCAATATAAAGCCAATGATTTTGAAGCAGTTCTACARAGTACAGAAGAGTTTATTCA
361 ~-------- o e T Fommmm - Fomm - + 420
ACGEETTATATTTCGETTACTAAAACTTCGTCAAGATGTTTCATGTCTTCTCARATAAGT
BsrBI
Acit | | MaeIII
Fnu4HI | BsaJI |
cvigi| | Acel StyI | NdeI
] l | I I
CCGATACCCAAACAGCCGCTCEGTAGACTATGCETTATATGTCCAAGGCGTTACTCATAT
421 —-- e Fommmmee - Fomm e o Fmmmmm R + 480

GGCTATGEETTTETCGGCCGAGCCATCTGATACGCAATATACAGGTTCCGCAATGAGTATA

AluI
CviJI
HindIIT
HaeIl |
Hhal | |
HinP1I || | DpnI MaeIII
Fnu4HI | || ] BclI | Tsp45I
Aciz| | {| Mon% MboI | MsllI |
I | ] |

GGGCEECECTCCCAAAGCTTCTCETTTGCTTAGATTTGATCAATCTCATCGTGATGTGAC

CCCGCCGCGAGGGTTTCGAAGAGCARACCAATCTARACTAGTTAGAGTAGCACTACACTG

BspMI

Alul MseI |
CvidI AF1ITI| |
BfaI | smlI| |

\ I

TTATCTACGCCTAGCTTTCCGAGATTTTCARAACCTGCTTAAGCACTATCCTGATAGTCC

AATAGATGCGGATCGAAAGGCTCTAAAAGTTTTGGACGAATTCGTGATAGGACTATCAGGE
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AcilI
Ndel Fnu4HI BseMII BlpI NlaIIT
SfaNI MwoT | NlaIII PsiI | DdeI Tsp509I

| | l || | |
ATATGTTGCCGATGCCGCACAACGCATGATTGCCATTTATAATGACTTTGCTGAGCATGA
601 --------- dmmmmmm e Fommmmm - e ket e ik dmm + 660

TATACAACGGCTACGGCGTCTTCGCGTACTAACGGTAAATATTACTGAAACGACTCGTACT

BstUI

Hhal Fnu4HT

HinP1I | TseI|
Fnu4HI | | Fnu4HI || DdeI
TseI| | | cvigr| || AluT]
FnudHI || | | SfaNI BbvI TseI| || CvidI|
Aciz| || | | BbvI | BbvI | MwoI || || MwoI ||
[T | | | | | 1T |11
ATTGECGGCAGCGCATTGGTATGTCAAGCGTGATGCGATEGTGECTGCTGCCAACCGAGT

661 --~------- dmm e +--------- e ik domm———— - fmmmmm + 720
TAACCGCCGTCGCGCAACCATACAGTTCGCACTACGCTACCACCGACGACGETTGGCTCG

Tsp509T
Alur ]
Bst4CI MslI CviJgI | MwoI
TAAGTGGGTGTTTCAATACTATCCACAGTCCACAGGTGTGCCAGAAGCTATCGCAATTTT
721 ----mm - o m Fmmmm - Fom - Fom—m - e + 780

ATTCACCCACAAAGTTATGATAGGTGTCAGGTGTCCACACGGTCTTCGATAGCGTTAARA

Bsal
BsmAT
CviJgI |
BseMII | | Rsal
Alul | | | Csp61I|
cvigr | | | Bst4CI| |
CviJI HindIII | | | |DdeI AciI TatI|| MaeIIl

Pl I I1] |

GGCTTATAGCAATCAAAAGCTTGECTTGACTGAGACCGCCAAACAGTACAAGCAGTTACT
781 —=---mm=- Fmmmmm - e o o T + 840
CCGAATATCGTTAGTTTTCGAACCGAACTGACTCTGGCGGTTTGTCATGTTCGTCAATGA

Tsp5091
AseIl BanI

MseI | Rsal MnlI |
Tsp509I ||  AciI Cesp6I| Ddel  TspRI| |

A I | | A
CCAAATTAATTATCCGCAATATCTCAATCAAGATGGTTCAGTACGCCTCAGTGATACGGG

841 ~-------- Fmmm— - dmmmm - B il dmmmmm - Fomm - + 900
GGTTTAATTAATAGGCETTATAGAGTTAGTTCTACCAAGTCATGCGGAGTCACTATGCCC

AluT

CvidI

BseMIT HindIIT |
NlaIv DdeIl | | MwoI

| 1]

TGCCAAGACACGCACACAAAAGGTATTATCAGCACTAAGCTTTGGGCGTTTEGGEGRCCTCET
901 ~--=-m==- Fommmmmm o mmmmm o R frmmmm o fommmmm + 960
ACGGTTCTGTGCGTGTGTTTTCCATAATAGTCGTGATTCGAAACCCGCAAACCCCGCACA
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Hhal
HinP1I |
NlaIII| |MwoI BspMI

. l

CAGCGAAAATCTTGACAACTATCAAGGTCAATATCATGGCGCAACACGCACCCAAATCAT

GTCGCTTTTAGAACTETTGATAGTTCCAGTTATAGTACCGCGTTGTGCGTGGGTTTAGTA

BsmFI Apol
AluIl | Tsp509I  MboII
Cvidl |  BspMI XmnI Sfel |

| | | l | |

CAACCAAGCAGGTGCGATTAGCTTACCTGCCACAACCCAAGTCCCAGAAGARATTCCTAC

GTTGGTTCGTCCACGCTAATCGAATGGACCGETCTTGGGTTCAGGGTCTTCTTTARGGATG

Alul
BslI
CvidI
MspA1I Rsal
PvuIl Cspé6I| MnlI

| 1

AGCTGETCGETACARATCATCGCCCTGCCATCAGTTTAGACTTGCCATCAGCAGAGGCAGA

TCGACCACCATGTTTAGTAGCGGGACGGTAGTCAAATCTGAACGGETAGTCGTCTCCGTCT

Msel

Hgal |

Tsp509I |
AlwNT | MslI BsrI  Msel Msel

l | | | | |

CGCTGGACAATTAAATCAAATACCACGCTAATGCCAGTTTTTAAGCAAGTTATCATTITGT
GCGACCTGTTAATTTAGTTTATGGTGCCGATTACGGTCAAAAATTCGTTCAATAGTAAACA

BseMII
Tsp5091 BseMII |
Tsp509T Psil MseI| PsiI DdeI Acil | | Ddel

I | | | | | | I

TAATTATAACCTTATGTTAATTATAATCTCAGGCGGTGTATGETCGCCTGAGATTATTAC

ATTAATATTGGAATACAATTAATATTAGAGTCCGCCACATACCAGCGGACTCTAATAATG

Apol

Tsp5091

Mfel |
Tsp5091 | NlaIII

l l |

ATCAATTGGAATTTTGGACATGAAT

TAGTTAACCTTAAAACCTGTACTTA

1020

1080

1140

1200

1260
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Figure 21. Sequence of M. catarrhalis OmpA gene designated

MCA100854

tggtagtgaa gagcttgcag gtcatatccg tgcagctatt gctcaagtct ttggegtaca 60

agatttaacc attcaaaata ccaatgtaca taccgctacg atg cca gcg gca gaa 115
Met Pro Ala Ala Glu
1 5

tac tta cca gca att ttg ggt ttg atg aaa ggt gta cca aat tca agc 163
Tyr Leu Pro Ala Ile Leu Gly Leu Met Lys Gly Val Pro Asn Ser Ser
10 15 20

gtt gtg att cat gat cat acg gta cgc ttt aat gca acc acg cca gaa 211
Val Val Ile His Asp His Thr Val Arg Phe Asn Ala Thr Thr Pro Glu
25 30 35

gat gta gca aaa ctg gta gag ggt gct aaa aat att cta ccc gct gat 259
Asp Val Ala Lys Leu Val Glu Gly Ala Lys Asn Ile Leu Pro Ala Asp
40 45 50

ttt act gta gaa gca gaa cct gaa ctt gat att aat act gcg gtt gec 307
Phe Thr Val Glu Ala Glu Pro Glu Leu Asp Ile Asn Thr Ala Val Ala
55 60 65

gat agt att gaa aca gcg cgt gtt gct att gtt get ttg ggt gat acg 355
Asp Ser Ile Glu Thr Ala Arg Val Ala Ile Val Ala Leu Gly Asp Thr
70 75 80 85

gtt gaa gaa aat gag atg gat att tta atc aat gca tta aat acc caa 403
Val Glu Glu Asn Glu Met Asp Ile Leu Ile Asn Ala Leu Asn Thr Gln
90 95 100

atc att aac ttt gect tta gac tca acc gaa att ccc caa gaa aat aaa 451
Ile Ile Asn Phe Ala Leu Asp Ser Thr Glu Ile Pro Gln Glu Asn Lys
105 110 115

gaa atc ttg gat ttg gct gcec gaa aaa tta aag gca gtg cct gaa aca 499
Glu Ile Leu Asp Leu Ala Ala Glu Lys Leu Lys Ala Val Pro Glu Thr
120 125 130

act ttg cgt atc att ggt cat aca gac act caa ggc acg cat gag tat 547
Thr Leu Arg Ile Ile Gly His Thr Asp Thr Gln Gly Thr His Glu Tyr
135 140 145

aat caa gat tta tca gaa tct cgt gct gect get gtt aaa gag tat ttg 595
Asn Gln Asp Leu Ser Glu Ser Arg Ala Ala Ala Val Lys Glu Tyr Leu
150 155 160 165

gta tca aaa ggt gtt gct gct gaa cgt ttg aac act caa ggt gca agt 643
Val Ser Lys Gly Val Ala Ala Glu Arg Leu Asn Thr Gln Gly Ala Ser
170 175 180

ttt gat tat cca gtt gca tca aat gct acc gaa caa ggt cgc tte caa 691
Phe Asp Tyr Pro Val Ala Ser Asn Ala Thr Glu Gln Gly Arg Phe Gln
185 190 195
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aac cgt cgt att gag ttt gta ctt ttc caa gaa ggt gaa gca att act 739
Asn Arg Arg Ile Glu Phe Val Leu Phe Gln Glu Gly Glu Ala Ile Thr
200 205 210

caa gtc ggt cat gct gaa gat gca cca aca cct gtt gca caa aac tga 787
Gln Val Gly His Ala Glu Asp Ala Pro Thr Pro Val Ala Gln Asn

215 220 225
tcattttgtt attggttatg agttttagat tgggccaaat gaatgataat ataccaatct 847

tacaagtact tttaataacc aaaaccaacc gtaatcaacc caagaaccaa a 898
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Figure 22. Restriction enzyme analysis of the M. catarrhalis
OmpA gene designated MCA100854
BstAPT
MwoI
MboII Alul |
CVviRI | Ccvidr |
BspMI Cac8I | | Fnu4HI | | Rsal
Earl | Alul | | | cviri| | | BbvI Csp61I|
SapI |evigr | | | MslI Tsel| | |[SmlI | BsgI |

l | L1 | L] |1l

TGETAGTGAAGAGCTTGCAGGTCATATCCGTGCAGCTATTGCTCARGTCTTTGGCGTACA

1
ACCATCACTTCTCGAACGTCCAGTATAGGCACGTCGATAACGAGTTCAGAAACCGCATET
AciI
SfaNT |
Rsal | | Fnu4HI
cepeI| | | AciT|
BsrGI|| | | MspAlI |
MseI TatI|| | | Cac8I ||
| [ |11
AGATTTAACCATTCAAAATACCAATGTACATACCGCTACGATGCCAGCGGCAGRAATACTT
61l ~-------- B il R e e — R it e + 120
TCTAAATTGGTAACTTTTATGGTTACATGTATGGCGATGCTACGETCGCCETCTTATGAA
DpnI
NlaIII
BclI|
Apol Mbol |
Tsp5091 BspHI ||
Rsal | Hinfi | ||
Tsp509T Csp6I| | Tfir | ]
[ Pl
ACCAGCAATTTTCGCETTTGATGARAGEGTGTACCAAATTCAAGCGTTGTGATTCATGATCA
121 ——-=----- Fommm - T R e N + 180

TAGTCGTTAAAACCCAAACTACTTTCCACATGGTTTAAGTTCGCAACACTAAGTACTAGT

Rsal
Csp61I| CviRI MnlI
BstacI|| Msel | MboII | BsrI

|11 I | ] |

TACGGTACGCTTTAATGCAACCACGCCAGAAGATGTAGCAAAACTGGTAGAGGGTGCTAA
————————— T e e L L LR E TRt Y10

181

ATGCCATGCGAAATTACGTTGGTGCGETCTTCTACATCGTTTTGACCATCTCCCACGATT
MspAll Bst4CI Asel

SsplI Acir | Faul SfcI| AlwNI Msel Acirt

I N I 1

AAATATTCTACCCGCTGATTTTACTGTAGAAGCAGAACCTGAACTTGATATTAATACTGC
241 --------- dmmmm - o R e e e + 300
TTTATAAGATGGGCGACTAAAATGACATCTTCGTCTTGGACTTGAARCTATAATTATGACG
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BstUI
Hhal HphI
HinP1I |MwoI Mwol Bst4CI |
|
GGTTGCCEATAGTATTGAAACAGCGCGTGTTGCTATTGTTGCTTTGGGTGATACGGTTGA
301 --------- dmmmmmmme o fmmm e Hommm oo Fmmm - + 360
CCAACGGCTATCATAACTTTGTCGCGCACAACGATAACAACGAAACCCACTATGCCAACT

Msel
NsiI]
cviRT || MLlyZ
MboII Msel Ppul0I | || MseT PleI

| | | 11 | |

AGAAAATGAGATGGATATTTTAATCAATGCATTAAATACCCARATCATTAACTTTGCTTT
361 --------- et Fmmmmm - dmm e T Fommm e + 420
TCTTTTACTCTACCTATAAAATTAGTTACGTAATTTATGGGTTTAGTAATTGAAACGARA

Fnu4HI
ApolI CvidI | Msel
HinfI  Tsp509I BbvI Tsel| Tsp509I |

I l | |l ||

AGACTCAACCGAAATTCCCCAAGAAAATAAAGAAATCTTGGATTTGGCTGCCGAAAAATT
421 —-------- Fmmmmm e Hmmm - o fmmmmm e fommm e + 480
TCTGAGTTGGCTTTAAGGGGTTCTTTTATTTCTT TAGAACCTAAACCGACGGCTTTTTAA

BtsI
TspRI
ALwNI | SmlI  Cac8I
AAAGGCAGTGééTGAAACAACTTTGCGTATCATTGGTCATACAGACAéTCAAGGCACGCA
48l ~--=-=~==-- Fmm - Fommmm - Fm-mem——— Fmm - Fmm - + 540
TTTCCGTCACGGACTTTGTTGAAACGCATAGTAACCAGTATGTCTGTGAGTTCCGTGCGT

BssSI
HinfI | Fnu4HI
TEIiT | Tsel|
BbvI| | Fnu4HT | |
NlaIIl BbvI || | Tser| || Msel BbvI

I | 1] |11 I l

TGAGTATAATCAAGATTTATCAGAATCTCGTGCTGCTGCTGTTARAGAGTATTTGGTATC
541 --=---m-- $ommmmeem pmmmmmmee- TR pmmmm o R e + 600
ACTCATATTAGTTCTAAATAGTCTTAGAGCACGACGACGACAATTTCTCATAAACCATAG

Tail
Fnu4HI  AclI |
TseI| MaeII | SmlI  CviRI BsrI CviRI

| || | | | l

AAAAGGTGTTGCTGCTGAACGTTTGAACACTCAAGGTCCAAGTTTTGATTATCCAGTTGC
601 --------- Fmmm e m - Fommmmm Frm - Fommmm Fmmmmm - + 660
TTTTCCACAACGACGACTTGCAAACTTGTGAGTTCCACGTTCAARAACTAATAGGTCAACG
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SfaNI Rsal
BstAPI | Csp61I]
MwoI | Bst4CI TatI||

ATCAAATGCTACCGAACAAGGTCGCTTCCAARAACCGTCGTATTGAGTTTGTACTTTTCCA
661 --=------ oo o mm Hmmmm e e pmmmmm e + 720
TAGTTTACGATGGCTTGTTCCAGCGAAGGTTTTGGCAGCATAACTCARACATGAAAAGGT

SmlI NlaIII CviRI CviRI
Tsp509I HphI| SfaNI | MwoI | MboII Eco57I |
L N N | |
AGAAGGTGAAGCAATTACTCAAGTCGGTCATGCTGAAGATGCACCAACACCTGTTGCACA
721 -------~~ e Fom-mom - Fommmm Frmmmm e tommm e + 780
TCTTCCACTTCGTTAATGAGTTCAGCCAGTACGACTTCTACGTGGTTGTGGACAACGTGT

DpnI CvidT
BclI | HaeIIl
MboI | Sau96I |

AAACTGATCATTTTGTTATTGGTTATGAGTTTTAGATTGGGCCAAATGAATGATAATATA
78L --~--=--- Fmm e Femmmm - o m e m— Fmmmmm Frm e + 840
TTTGACTAGTAAAACAATAACCAATACTCAAAATCTAACCCGGTTTACTTACTATTATAT

Rsal
Scal
Csp6I]|
TatI|| Msel Bst4CI Tsp509T
[1] | l
CCAATCTTACAAGTACTT%TAATAACCAAAACCAACCGTAATCAACCCAAGAACCAAATT
841 --------- Fmmmmm e R Fommmmme - et e + 900
GGTTAGAATGTTCATGAAAATTATTGGTTTTGCTTGGCATTAGTTGGGTTCTTGGTTTAA

XcmI

ACCCATCGGTCATTTGGTTCTTGGGTAGTTT
901 ------m-- o mm e Fmmmmm - +- 931
TGGGTAGCCAGTARACCAAGAACCCATCARA
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Figure 23.
oxidoreductase subunit A gene designated MCA100889

tcgcacgget ttggatgttt ttaggaaact tggtgtccag ccaattaatc accacttggt

Sequence of M. catarrhalis NADH:ubiquinone
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gaaggctggt atgttttggt cttaatttaa gtatccgett

aaa
Lys

gag
Glu

atg
Met

cag
Gln

cca
Pro
70

ttt
Phe

act
Thr

aca
Thr

act
Thr

att
Ile
150

acc

Thr

tta
Leu

ggc
Gly

cac
His

cgt
Arg

gtg
Val
55

gtt
Val

gaa
Glu

ttt
Phe

gtt
Val

cgt
Arg
135

ttt
Phe

gta
Val

tca
Ser

ttg
Leu

acg
Thr

ccg
Pro
40

ctt
Leu

ggc
Gly

agce
Ser

aat
Asn

gtt
Val
120

cct

Pro

gtg
Val

tta
Leu

acg
Thr

gat
Asp

cce
Pro
25

acc
Thr

tac
Tyxr

ggc
Gly

ttg
Leu

gct
Ala
105

gag
Glu

ttt
Phe

acg
Thr

ttt
Phe

cta
Leu
185

ctg
Leu
10

act
Thr

atg
Met

gaa
Glu

act
Thr

gtc
Val
90

tat
TyL

cag
Gln

agc
Ser

gca
Ala

gaa
Glu
170

tcc
Sexr

cca
Pro

aag
Lys

cat

His

gac
Asp

gtc
Val
75

atc
Ile

cgc
Arg

ttg
Leu

cgt
Arg

aca
Thr
155

gaa
Glu

cca
Pro

atc
Ile

gtg
Val

gtc
val

aaa
Lys
60

gtt
val

gce
Ala

tct
Ser

gtec
Val

aca
Thr
140

gat
Asp

ata
Ile

aaa
Lys

act
Thr

gcg
Ala

aaa
Lys
45

aaa
Lys

gct
Ala

gtc
Val

gaa
Glu

gct
Ala
125

cca

Pro

acc
Thr

caa
Gln

acc
Thr

ggc
Gly

tta
Leu
30

gaa
Glu

cga
Arg

gte
val

gat
Asp

gat
Asp
110

tca
Ser

gaa
Glu

aat
Asn

gca
Ala

tat
Tyr
190

gag
Glu
15

gtc
val

ggt
Gly

gca
Ala

aat
Asn

cca
Pro
95

ttg
Leu

ggt
Gly

att
Ile

cct
Pro

ttt
Phe
175

gtc
val

cce
Pro

ggc
Gly

gat
Asp

ggc
Gly

cgt
Arg
80

aat
Asn

tca
Ser

gaa
Glu

aat
Asn

ttg
Leu
160

aat
Asn

tgt
Cys

atg
Met
1

tcc
Ser

tac
Tyr

aag
Lys

gtc
Val
65

ggc
Gly

gca
Ala

atg
Met

tgg
Trp

agc
Ser
145

gct
Ala

gat
Asp

cat
His

att acc
Ile Thr

aag cag
Lys Gln

gat tat
Asp Tyr
35

gtc acc
Val Thr
50

ctt tat
Leu Tyr

gaa cga
Glu Arg

agt gaa
Ser Glu

ctg gat
Leu Asp
115

acc gcc
Thr Ala
130

ata cct
Ile Pro

gtt gac
Val Asp

ggce ttg
Gly Leu

ggt gat
Gly Asp
195
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atc
Ile

att
Ile
20

gte
Val

aaa
Lys

aca
Thr

cga
Arg

gaa
Glu
100

cge
Arg

cta
Leu

tct
Ser

cct
Pro

gca
Ala
180

att
Ile

aaa
Lys
5

agc
Ser

ggc
Gly

gga
Gly

gca
Ala

gta
Val
85

atc
Ile

aag
Lys

cgce
Arg

gce
Ala

gce
Ala
165

att
Ile

gta
Val

60

115

163

211

259

307

355

403

451

499

547

595

643

691
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cct
Pro

999
Gly

ttt
Phe
230

caa
Gln

aca
Thr

ttg
Leu

gaa
Glu

ggt
Gly
310

caa
Gln

ttt
Phe

cag
Gln

teg
Ser

caa
Gln
390

atc
Ile

gag
Glu

ttt
Phe
215

tta
Leu

gat
Asp

gag
Glu

gtg
val

cte
Leu
295

cge
Arg

gtc
Val

aca
Thr

ttt
Phe

cct
Pro
375

gac

Asp

atc
Ile

acc
Thr
200

act
Thr

cac
His

gtc
Val

cgt
Arg

cgt
Arg
280

aac
Asn

aca
Thr

tect
Ser

cca
Pro

ttt
Phe
360

cgt
Arg

tat
Tyr

agt
Ser

tta
Leu

ggt
Gly

cct
Pro

atc
Ile

ctg
Leu
265

acc
Thr

ggc
Gly

gct
Ala

gta
val

gg99
Gly
345

aaa

Lys

gce
Ala

cta
Leu

gcg
Ala

agt
Ser

gta
val

ttg
Leu

gcc
Ala
250

atc
Ile

act
Thr

gac
Asp

gtt
Val

ctt
Leu
330

gca
Ala

ggc
Gly

atg
Met

cct
Pro

gtt
Val
410

aaa
Lys

cat
His

gca
Ala
235

att
Ile

agt
Ser

cga
Arg

gat
Asp

ggt
Gly
315

acc
Thr

aat
Asn

aaa
Lys

gta
val

acc
Thr
395

gaa
Glu

acc
Thr

cca
Pro
220

cga
Arg

ggt
Gly

ttg
Leu

ggt
Gly

aac
Asn
300

gct
Ala

gaa
Glu

cgt
Arg

aaa
Lys

cca
Pro
380

cag

Gln

ttg
Leu

gct
Ala
205

gca
Ala

ggc
Gly

aag
Lys

gca
Ala

gct
Ala
285

cgt

acg
Thr

ggt
Gly

ttt
Phe

tac
Tyr
365

atc
Ile

cta
Leu

ggt
Gly
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gac
Asp

ggc
Gly

agce
Ser

cta
Leu

ggt
Gly
270

gat
Asp

gtc
Val

gca
Ala

cgt
Arg

tca
Ser
350

gat
Asp

ggc
Gly

ctg
Leu

gca
Ala

ggt
Gly

aac
Asn

tta
Leu

ttt
Phe
255

cca
Pro

ttg
Leu

att
Ile

ttt
Phe

gaa
Glu
335

aaa
Lys

ttt
Phe

tta
Leu

cgt
Arg

ctt
Leu
415

aac
Asn

gca
Ala

gtt
Val
240

acc
Thr

gca
Ala

acc
Thr

tca
Ser

ttg
Leu
320

cgc
Arg

ttg
Leu

acg
Thr

ttt
Phe

gct
Ala
400

gag
Glu

gat
Asp

ggt
Gly
225

tag
Trp

aca
Thr

gtg
Val

gaa
Glu

ggc
Gly
305

ggc
Gly

cct
Pro

cca
Pro

acc
Thr

gaa
Glu
385

ttg

Leu

ctt
Leu

acc
Thr
210

acg
Thr

acg
Thr

ggt
Gly

gcc
Ala

ttg
Leu
290

tct
Ser

cgce
Arg

gca
Ala

att
Ile

agt
Ser
370

act

Thr

att
Ile

gat
Asp

atc
Ile

cac
His

att
Ile

cge
Arg

aat
Asn
275

ace
Thr

gtt
Val

ttt
Phe

ctt
Leu

tat
Tyr
355

acc

Thr

gtc
Val

gte
val

gaa
Glu
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tat gaa 739
Tyr Glu
att cac 787
Ile His
aat tat 835
Asn Tyr

245
att tac 883
Ile Tyr
260
cct cge 931
Pro Arg
caa ggt 979
Gln Gly
cta tca 1027
Leu Ser
cat aat 1075
His Asn

325
cac ttt 1123
His Phe
340
att tca 1171
Ile Ser
aac ggc 1219
Asn Gly
atg cct 1267
Met Pro
gaa gat 1315
Glu Asp

405
gaa gat 1363
Glu Asp
420
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ttg gca ctg tgt act ttc gta teg cca ggce aaa tat gag ttc ggt gat 1411
Leu Ala Leu Cys Thr Phe Val Ser Pro Gly Lys Tyr Glu Phe Gly Asp
425 430 435

att ttg cgt gat aac ttg acc cgt att gag cag gaa ggc taa 1453
Ile Leu Arg Asp Asn Leu Thr Arg Ile Glu Gln Glu Gly

440 445 450
ccatgaagtt cattcacaat atctttgacc gtatggagce atcctttacc aaaggtggea 1513

agtacgaaaa atattatgct gtatttgaga tgtttgacac 1553



WO 02/18595 PCT/CA01/01221

67/189

Figure 24. Restriction enzyme analysis of the M. catarrhalis

NADH:ubiquinone oxidoreductase subunit A gene designated

MCA100889
Asel
Msel
Tsp509I |
HphI| |
Cvidgr BstF5I  FokI cvidr|| | DralIIl

| | l 111 l

TCGCACGGCTTTGGATGTTTTTAGGAAACTTGGTGTCCAGCCAATTAATCACCACTTGGT
AGCGTGCCGAAACCTACAAAAATCCTTTGAACCACAGGTCGGTTAATTAGTGGTGAACCA

Tesp5091 BsaBI
CviJI HphI MseI|Msel AciI BeiVI | CvidI

| | [ l | | |
GAAGGCTGGTATGTTTTGGTCTTAATTTAAGTATCCGCTTATGATTACCATCARAAAAGG

CTTCCGACCATACAAAACCAGAATTAAATTCATAGGCGAATACTAATGGTAGTTTTTTCC

BanII
Bspl286I
Cvidr |
DpnI BslI Cac8I | | BsiHKAI
BstYI | PfIMI BsrI| | | Bspl2861 MslI
MboI | AlwI |TspRI| | |MwoI MnlI Cac8I | DdeI |

| | [ S . l | | |

CTTGGATCTGCCAATCACTGGCGAGCCCTCCARGCACGATTAGCGAGCACACGCCCACTAA

GAACCTAGACGGTTAGTGACCGCTCGGGAGGTTCGTCTAATCGCTCGTGTGCGGGTGATT

NlaIIT

NspI

NlaIII NsiIl |

NspI CviRI | |

SphI NlaIII | |

BStXI CvidJI Hgal Cac8I | ppuloI | | |

| l || |11

GGTGECETTAGTCGGCTACGATTATGTCGGCATGCGTCCGACCATGCATGTCAAAGAAGG

CCACCGCAATCAGCCGATGCTAATACAGCCGTACGCAGGCTGGTACGTACAGTTTCTITCC

BstEIL

MaeIIl
Tsp45I Hgal | BsaHI

HphI | HphI BbsI| |cacsI |

| | o L

TGATAAGGTCACCAAAGGACAGGTGCTTTACGAAGACAAAAAACGAGCAGGCGTCCTTTA

MboII

ACTATTCCAGTGGTTTCCTGTCCACGAAATGCTTCTGTTTTTTGCTCGTCCGCAGGARAT
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Fnu4HI
AciI| TspRI
BsrI BslI||Bst4cCI

| 111 | |

TACAGCACCAGTTGGECGECACTGTCGTTGCTGTCAATCGTGGCGAACGACGAGTATTTGA

ATGTCGTGETCAACCGCCGTGACAGCAACGACAGTTAGCACCEGCTTGCTGCTCATAAACT

DpnI
Alul MboI | Msel
CvidI Tagl]| | MboIl|
HindIIT | BegI AlwI || | cCviRI Begl [

| | | |1l | |l

AAGCTTGETCATCCGCCETCGATCCAARATGCAAGTGAAGAAATCACTTTTAATGCTTATCG
361 --------- fmmmmmm - Fmmmmmm—— - R Fmmmmm e dmmmmm o +
TTCGAACCAGTAGCGGCAGCTAGGTTTACGTTCACTTCTTTAGTGAAAATTACGAATAGC

DpnI Eco571

Eco571 Bst4CT |

MboII MboI | AlwI | |

I [ 1 [ I
CTCTGAAGATTTGTCAATGCTGGATCGCAAGACAGTTGTTGAGCAGTTCGGTCGCTTCAGG
421 --------~ N fmmm e e R fommmmmme +
GAGACTTCTAAACAGTTACGACCTAGCGTTCTGTCAACAACTCGTCAACCAGCGAAGTCC

HphI
AciI | Rsal Asel
Avall | | Csp6lL | Msel
Sau96I | | cvidI || Tsp509T |

I1 I | |

TGAATGGACCGCCCTACGCACTCETCCTTTTAGCCGTACACCAGAAATTAATAGCATACC
481 --------- N Fommmmm o dmmmmmm Fommmmm Fomm oo +
ACTTACCTGGCGEGATGCGTGAGCAGGAAAATCEGCATCTGCGTCTTTAATTATCGTATGG

Maelll HincII
Tsp45I CvidI |
Ms1I | BsaBI BstXI | | Bst4CI

| | R N

TTCTGCCATTTTTGTGACGGCAACAGATACCAATCCTTTGGCTGTTGACCCTGCCACCGT
541 --------- R e el L L Fomm e dmmmmm e +
AAGACGGTAAAAACACTGCCGTTEGTCTATGGTTAGGAAACCGACAACTGGGACGGTGGCA

Msel Tsp5091

MboII | CviJgl |

| | | |
ATTATTTGAAGAAATACAAGCATTTAATGATGECTTGGCAATTTTATCAACGCTATCCCC
601 --------~ Fo e Fommmmm - Fommmmmm—- e omm e +
TAATAAACTTCTTTATGTTCGTAAAT TACTACCGAACCGTTAAAATAGTTGCGATAGGGE

360

420

480

540

600

660
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Ddel
HphT
Rsal |
BsaI| |
BsmAI| | Msel Bst4CI
BseMII [l || AflIr] MspAll |
NlaIIT {CSPGT] | SmlI| Acil |MaeIII
| | I | | |

AAAAACCTATGTCTGTCATEGETGATATTGTACCTGAGACCTTAAGTAAAACCGCTGACGG
661 ~-m----=- Fommmmmm - Fommmm o e il R fommm e + 720
TTTTTCGATACAGACAGTACCACTATAACATGCGACTCTGGAATTCATTTTGGCGACTGCC

BStF5I
Rsall
Csp6I||
BsrI]|||
BsrGI| || Cac8I Rsal '
FokI TatI||| BspMI |MwoI Csp6I]
l |11] Il |
TAACGATACCATCTATGAAGGGTTTACTGGTGTACATCCAGCAGGCAACGCAGGTACGCA
721 —--m-m--- R Hmmmmmm o Fommmmem oo Fommmmom o R Rt + 780
ATTGCTATGGTAGATACTTCCCARATGACCACATGTAGETCGTCCETTGCGTCCATGCGT

Ddel

Alul|
CvidI| Tsp5091
BssSI Fnu4HI || AselI|
MnlI | TseI| || BbvI MseI|

| Il 11 | | |
CATTCACTTTTTACACCCTTTGGCACGAGGCAGCTTAGTTTGGACGATTAATTATCAAGA
781 —--=-om-- Hmmm o Fommmmmmm b dmmmm e Fom - + 840

GTAAGTGAAAAATGTGGGAAACCGTGCTCCGTCCGAATCAAACCTGCTAATTAATAGTTCT

BspMI
DpnlI
AluI BclI |
CvidI Hgal MboI |

|

TGTCATCGCCATTGGTAAGCTATTTACCACAGGTCGCATTTACACAGAGCGTCTGATCAG
841 ~-------- Fommmm e Fommmmm Fommmmmm o gme o Hommmmm o + 900

ACAGTAGCGGTAACCATTCGATARATGGTGTCCAGCGTARATGTGTCTCGCAGACTAGTC

BtsI

TspRI T1iI

CvidI| MnlI TaqI|

MwoI  HaeIII| Rsal|AvaIl |
AvaIl | MscI| Csp6I||smli]|
Sau96I | EaeI || XcmI MnlI || |XhoI|]

| | |11 l | 11

TTTGGCAGGTCCAGCAGTGGCCAATCCTCEGCTTGEGTGCGTACCACTCGAGETGCTGATTT
901 --------- oo Fomm oo to-m - Fommmm e fmmm - + 960
AAACCGTCCAGGTCGTCACCGGTTAGGAGCGAACCACGCATGGTGAGCTCCACCGACTAAA
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Tsp5091

BsmAT | |

CTGGCTTAACTGGGTTCCACTTGAGTTGCCEGCTGCTATTGEGCACAGTAAAGTCCGAGACA

PCT/CA01/01221
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AlwNI
Cvidl |

|

BsaJl

StyI Bst4CI

HphI

GACCGAATTGACCCAAGGTGAACTCAACGGCGACGATAACCGTGTCATTTCAGGCTCTGT

AciI
Fnud4HI
CvidI |
MspAlI HaeIll|

PvuIl Mwol Sau96I ||

| | 11

AluIl
CviJdI

TCTATCAGGTCGCACAGCTGTTGGTECTACGGCATTTTTGGGCCGCTTTCATAATCAAGT

AGATAGTCCAGCGTGTCGACARCCACGATGCCGTAAAAACCCGGCGAAAGTATTAGTTCA

BstNI
ScrFI
BsaJl|
BssKI| |

TatI]|| Bsgl PspGI| |

|1 \ |1

CTCTGTACTTACCGAAGGTCGTGAACGCCCTGCACTTCACTTTTTTACACCAGGGGCAAA

Rsal
Csp61I]|

CviRI

GAGACATGAATGGCTTCCAGCACTTGCGGGACGTGAAGTGAAAAARTGTGGTCCCCGTTT
Tsp509T Dral
Tsp5091 | Bst4CI MseI|

l l ] |

TCGTTTTTCAAAATTGCCARATTTATATTTCACAGTTTTTTAAAGGCAAAARRATACGATTT

AGCAAAAAGTTTTAACGGTTARATATAAAGTGTCAAAAAATTTCCGTTTTTTATGCTAAA

KpnI

Nlalv

Rsal

Csp6l

Acc651

BanT

NlaIiI

MnlI|

Btgl

BsaJI |
BstDST |
BssSI | ]
Cac8I | NcoI |
BsrI || Cvigr | | styT |

| 11 |1 | |

TACGACCAGTACCAACGGCTCGCCTCETGCCATGETACCARTCGGCTTATTTGAAACTGT

Rsal

Csp61 |

Cvidl Bst4CT

ATGCTGGTCATGETTGCCGAGCGGAGCACGGTACCATGGTTAGCCGAATAARCTTTGACA
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AlwNI
SmlI Alul |
NlaIII { Man CViJT |cacsz Tagl EcoRV
| | |
CATGCCTCAAGACTATCTACCTACCCAGCTACTGCGTGCTTTGATTGTCGAAGATATCAT
1261 —-——=-=--- R Fmmmmm e Fommmm NI Fomommmm o + 1320
GTACGGAGTTCTGATAGATGCATGGGTCCATCGACGCACGAAACTAACAGCT TCTATAGTA
Rsal
Csp6I
SmlI TspRI
BseSI | TatI]
Tsp5091 BsiHKAT | Bst4CI ||
TspRI | Bspl2861 | MboII| ||
AciI | ] CviRI || AluI MboII || ||
MboII | | | apanr | ||cvigz - BaeI | || ||
[ I |1 11 | : R
CAGTCCGETTGAATTGEGGTGCACTTGAGCTTGATGAAGAACGATTTGGCACTGTGTACTTT
1321 -=---=--- o Fommm e dmmm o m— e Fommmmm e I + 1380

GTCACGCCAACTTAACCCACGTGAACTCGAACTACTTCTTCTARACCGTGACACATGAAR

BstNI
ScrFI
BssKI |
PspGI | Bael HphI

| | l l

CGTATCGCCAGGCAAATATGAGTTCGGTGATATTTTGCGTGATAACTTGACCCGTATTGA

GCATAGCGGTCCGTTTATACTCAAGCCACTATAAAACGCACTATTGAACTGGGCATAACT

BstF5I
Bst4CI  CvidJI|
CviJI  NlaIII FokI | NlaIv|]

I I | I

GCAGGAAGGCTAACCATGAAGTTCATTCACAATATCTTTGACCGTATGGAGCCATCCTTT
CGTCCTTCCGATTGETACTTCAAGTAAGTGTTATAGAAACTGGCATACCTCGGTAGGAAA
Rgal
Csp6I]| Sspl

ACCAAAGGTGECAAGTACGAAAAATATTATGCTGTATTTGAGATGTTTGACAC

TEETTTCCACCGTTCATGCTTTTTATAATACGACATAAACTCTACAAACTGTG
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PCT/CA01/01221

Sequence of M. catarrhalis pilQ fimbriae gene

tgacagtcgt acgatacatc tgattgaagc ggtcgctgat

ccgtgatgta aacattcatt ttattcataa gcaatgacac

tta
Leu

gag
Glu

gca
Ala

att
Ile

aat
Asn
70

atg
Met

aat
Asn

tct
Ser

tat
Tyr

cag
Gln
150

gaa

Glu

acc
Thx

aaa
Lys

gta
val

gag
Glu

cct
Pro
55

atc
Ile

aat
Asn

tta
Leu

atc
Ile

gca
Ala
135

cgt
Arg

gca
Ala

acc
Thr

aat
Asn

cgt
Arg

caa
Gln
40

gta
val

atc
Ile

atc
Ile

tca
Ser

caa
Gln
120

ctt
Leu

ggt
Gly

cca
Pro

gct
Ala

agc
Ser

gct
Ala
25

cat
His

cga
Arg

acc
Thr

cct
Pro

gta
val
105

tcc
Ser

gce
Ala

aat
Asn

tta
Leu

gtg
Val
185

ttg
Leu
10

gat
Asp

tat
Tyr

gcg
Ala

gat
Asp

tgg
Trp
90

tta
Leu

aat
Asn

gat
Asp

gte
Val

tca
Ser
170

cgt
Arg

gta
val

act
Thr

aca
Thr

gtt
Val

gat
Asp

gat
Asp

aag
Lys

cag
Gln

gat
Asp

aat
Asn
155

cgg
Arg

999
Gly

atc
Ile

cat
His

ggc
Gly

ttt
Phe
60

agt
Ser

caa
Gln

cat
His

ccg
Pro

gtg
Val
140

cga

Arg

gcc
Ala

aca
Thr

gcc
Ala

atc
Ile

aag
Lys

gat
Asp

gtg
Val

gca
Ala

ggt
Gly

aca
Thr
125

gca
Ala

acc
Thr

tat
Tyr

tta
Leu

gtg
Val

gat
Asp
30

cct
Pro

att
Ile

aca
Thr

ttt
Phe

aat
Asn
110

ata
Ile

aca
Thr

aat
Asn

aat
Asn

ctg
Leu
190

atg
Met
15

cat
His

att
Ile

tta
Leu

ggc
Gly

gat
Asp
95

gta
Val

acc
Thr

ctc
Leu

cac
His

acc
Thr
175

tect
Ser

ctc
Leu

gtg
Val

agc
Ser

gca
Ala

agt
Ser
80

gtg
Val

tgg
Trp

gaa
Glu

atc
Ile

cgt
Arg
160

cag

Gln

gag
Glu

acacaaggtg gctattatcg 60

atg
Met
1

ggt
Cly

tct
Ser

ctt
Leu

ggt
Gly
65

atg
Met

att
Ile

ctg
Leu

tac
Tyr

atg
Met
145

gat
Asp

act
Thr

cgt
Arg

gac aaa
Asp Lys

gtg gtt
Val Vval

gtt acc
Val Thr
35

gag ttt
Glu Phe
50

ttt aca
Phe Thr

acc att
Thr Ile

ttg caa
Leu Gln

atc agc
Ile Ser
115

att cgt
Ile Arg
130

ggc gaa
Gly Glu

gtt att
Val Tle

gat gaa
Asp Glu

ggc aca
Gly Thr
195

aaa
Lys

cat
His
20

caa
Gln

gce
Ala

ggt
Gly

cge
Arg

aca
Thr
100

tca
Ser

cta
Leu

aaa
Lys

tat
Tyr

ctt
Leu
180

gtg
Val

ttt
Phe
5

atg
Met

aca
Thr

gat
Asp

att
Ile

ttg
Leu
85

caa
Gln

aaa
Lys

aac
Asn

acc
Thr

cct
Pro
165

att
Ile

acg
Thr

115

163

211

259

307

355

403

451

499

547

595

643

691
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gtg gat aag cgt acc aat act tta att atc caa gat gtg cct gca agc 739
Val Asp Lys Arg Thr Asn Thr Leu Ile Ile Gln Asp Val Pro Ala Ser
200 205 210

gtt gcc aat atc aag gca ctg att gag cgt att gat atc cct gtt gaa 787
Val Ala Asn Ile Lys Ala Leu Ile Glu Arg Ile Asp Ile Pro Val Glu
215 220 225

caa gtg atg att gaa gct aga att gtt tct get aat gaa aat ttt ggg 835
Gln Vval Met Ile Glu Ala Arg Ile Val Ser Ala Asn Glu Asn Phe Gly
230 235 240 245

cga aag ctt ggc gta agt ttt ggg gcg cat ggt caa aat ggt aaa gtg 883
Arg Lys Leu Gly Val Ser Phe Gly Ala His Gly Gln Asn Gly Lys Val
250 255 260

cat tat ggc ggc tct cag gga agt ttg tgg aca atg tgg caa gag ggt 931
His Tyr Gly Gly Ser Gln Gly Ser Leu Trp Thr Met Trp Gln Glu Gly
265 270 275

gtg gcg gca ggt ggt cat caa aac agt cat ctg aat gtt gat ttg ggc 979
Val BAla Ala Gly Gly His Gln Asn Ser His Leu Asn Val Asp Leu Gly
280 285 290

gta gat aac gcc atg gga cgc att gect ttt ggg ctg tta aat tta cct 1027
Val Asp Asn Ala Met Gly Arg Ile Ala Phe Gly Leu Leu Asn Leu Pro
295 300 305

gat atc att tta gat tta gaa ctc tcc gce atg cag gca gaa aat caa 1075
Asp Ile Ile Leu Asp Leu Glu Leu Ser Ala Met Gln Ala Glu Asn Gln
310 315 320 325

ggt gag gtt atc tca aca cca aaa gtc ttg acg gct gat aaa caa acc 1123
Gly Glu Val Ile Ser Thr Pro Lys Val Leu Thr Ala Asp Lys Gln Thr
330 335 340

gcg cgt att tca tca ggg cta caa att cect tat caa gaa acc acg cat 1171
Ala Arg Ile Ser Ser Gly Leu Gln Ile Pro Tyr Gln Glu Thr Thr His
345 350 355

tca ggt gcc age aca aca aaa ttt aaa gaa gcg tct tta att ttg gag 1219
Ser Gly Ala Ser Thr Thr Lys Phe Lys Glu Ala Ser Leu Ile Leu Glu
360 ‘ 365 370

gcg aca cca aat atc aca cct gat ggt aaa att ggt ctt aag cta aat 1267
Ala Thr Pro Asn Ile Thr Pro Asp Gly Lys Ile Gly Leu Lys Leu Asn
375 380 385

atc aaa aat ggc aat cca gta cca aca ctt ggt cat atc gcc atc caa 1315
Ile Lys Asn Gly Asn Pro Val Pro Thr Leu Gly His Ile Ala Ile Gln
390 395 400 405

gaa gat gcc atc gaa acg aat gtc atc atc gaa gat gga caa acc gtc 1363
Glu Asp Ala Ile Glu Thr Asn Val Ile Ile Glu Asp Gly Gln Thr Val
410 415 420
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gtt
Val

ctt
Leu

cct
Pro

gtg
vVal

tcc
Ser
455

gat
Asp

aaa
Lys
470

ttg
Leu

ctaagtaatc ggtatctgaa tggtcaatac ataaaaatac tggtaacaaa ttgccaaaca

ggt
Gly

aga
Arg
440

aaa

Lys

gta
Val

ggt
Gly
425

ttg

Leu

gcg
Ala

aga
Arg

atc
Ile

ggt
Gly

cat
His

tag

tat
Tyx

gat
Asp

gat
Asp

cge
Arg

atg
Met

aag
Lys
460

acce
Thr

cect
Pro
445

tcg
Ser

74/189

agce
Ser
430

gtg
Val

gag
Glu

cag aat gaa
Gln Asn Glu

ctt gga cga
Leu Gly Arg

ctt ttg att
Leu Leu Ile
465

got
Gly

ttg
Leu
450

ttt
Phe

PCT/CA01/01221

gca aat aaa
Ala Asn Lys
435

ttt cgg cat
Phe Arg His

att aca ccc
Ile Thr Pro

ctggcattat attggtcaat aaaataaatg aaatttttat

ttgtatgata agataatttt cattcatt

1411

1459

1507

1562

1622

1650
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Figure 26. Restriction enzyme analysis of the M. catarrhalis

pilQ fimbriae gene designated MCA100992

Rsal
Csp61I |
BsiWI| | BsiEI CviJI
Bst4cI ||| AciI | DraIIl | MwolI

| 1] | | |

TGACAGTCGTACGATACATCTGATTGAAGCGGTCGCTGATACACAAGGTGGCTATTATCG

1 _________
ACTGTCAGCATGCTATGTAGACTAACTTCGCCAGCGACTATGTGTTCCACCEGATARTAGC
NlaIII ApolI Dral
BsrDI | Tsp5091 MseI]
CCGTGATGTAAACATTCATTTTATTCATAAGCAATGACACATGGACAAAAAATTTTTAAA
61 ~-------- Fommmmmmm Hommmmm oo S e R dmmmmmmmme + 120
GGCACTACATTTGTAAGTAAAATAAGTATTCGTTACTGTGTACCTGTTTTTTARAARATTT
Tail ‘
BsaAl |
: MaeII| |
Alul NdeI Rsall]| |
CviJdI SfaNI MnlI |  Csp6I]]|]|

| l | | I

AAATAGCTTGGTAATCGCCGTGATGCTCGGTETGGTTCATATGGAGGTACGTGCTGATAC

TTTATCGAACCATTAGCGGCACTACGAGCCACACCAAGTATACCTCCATGCACGACTATG

MaeIII
NlarIII |
DpnI | |
MboI | | |
clazr| | | | CviJgl
Taql]| | | ] Cac8I |

|| | | P
TCATATCGATCATGTGTCTGTTACCCARACAGCAGAGCAACATTATACAGGCAAGCCTAT

AGTATAGCTAGTACACAGACAATGGGTTTGTCGTCTCGTTGTAATATGTCCGTTCGGATA

SmlI Rsal AciI
CvidgI | Csp6I|BsrBI BspMI

| | | | |

TAGCCTTGAGTTTGCCGATATTCCTGTACGAGCGGTTTTTGATATTTTAGCAGGTTTTAC

ATCGGAACTCAAACGGCTATAAGGACATGCTCGCCAAAAACTATAAAATCGTCCAAAATG
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HphI
Asel| MaeIII
MseI| Tsp451 BsaBI

AGGTATTAATATCATCACCGATGATAGTGTGACAGGCAGTATGACCATTCGCTTGATGAA

TCCATAATTATAGTAGTGGCTACTATCACACTGTCCGTCATACTGGTAAGCGAACTACTT

BsaJl Dpnl Apol
StyI MboI | AlwI CviRI Tsp509T MseI

| | | | | | |

TATCCCTTGGGATCAAGCATTTGATGTGATTTTGCAAACACAAAATTTATCAGTATTAAA

ATAGGGAACCCTAGTTCGTARAACTACACTAAAACGTTTGTGTTTTARATAGTCATAATTT

AluI

CvidI

DpnI |

BclI | I

MslI MboI | |
NlaIITI| cvigr | | | CcvidI

|| L l

GCATGETAATGTATGGCTGATCAGCTCAAAATCTATCCAATCCAATCAGCCGACAATAANC
421 --------- T Fommmmmme s Fommmmmm oo oo Fommmmm o + 480
CGTACCATTACATACCGACTAGTCGAGTTTTAGATAGGTTAGGTTAGTCGGCTGTTATTG

XmnI CviRI NlaIII
I |
CGAATACATTCGTCTAAACTATGCACTTGCCGATCGATGEGTGGCAACACTCATCATGGGCGA
481 --m--m--- pmmm - dmmm e Fmemmm e R fommm e + 540
QCTTATGTAAGCAGATTTCGATACGTGAACGGCTACTACACCGTTGTGAGTAGTACCCGCT

HphI MslI
Tagl | Bst4CI|
|| |
AAAAACCCAGCGTGGTAATGTCAATCGAACCAATCACCGTGATGTTATTTATCCTGAAGC
541 —~------- Hmm e dmmmmmm - e mm o Fommm e Fomm e + 600
TTTTTGGGTCGCACCATTACAGTTAGCTTGGTTAGTGGCACTACAATARATAGGACTTCG

Eco57I
CvidrI| MslI
HaelII| MspAlI
Sau96l || Acir |

| | |

ACCATTATCACGGGCCTATAATACCCAGACTGATGAACTTATTACCACCGCTCGTGCGTGG
601 --------~- e m e Fowmmmm o R Fomm e Fommmm—--- + 660
TGGTAATAGTGCCCGCATATTATGGGTCTGACTACTTGAATAATGGTGGCGACACGCACC

BsmFI Bst4CI
DdeI | TspRI|
Bst4CI || Bst4CI |
Drdr | || MaeIII || Rsal Tsp5091
BseMIT [ 1 1 Tsp45I {| Csp61 | MseT;
| |
GACATTLC%GTA%GAGCGTGGCACAGTGACGGTGGATAAGCéLACCAATACTTTAATTAT
66l ~--=-~---- Fommmmm o Fmmmmm - Fommm e fmmmmmmm - Fommmm o + 720

CTGTAATGACAGACTCGCACCEGTGTCACTGCCACCTATTCGCATGGTTATGAAATTAATA
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BstAPI

Cac8I |

CviRI | |
Cac8I | |MwoI TspRI ECORV

|1 l |

CCAAGATGTGCCTGCAAGCGTTGCCAATATCAAGGCACTGATTCGAGCGTATTGATATCCC

GGTTCTACACGGACGTTCGCAACGGTTATAGTTCCGTGACTAACTCGCATAACTATAGGG

Tsp5091
Bfal |

Alur| | Apol

CvidI| |XmnT Tsp5091 HindIIT

I l I

TGTTGAACAAGTGATGATTGAAGCTAGAATTGTTTCTGCTAATGAAAATTTTGGGCGAAA

ACAACTTGTTCACTACTAACTTCGATCTTAACAAAGACGATTACTTTTAARACCCGCTTT

DdelI
NlaIII cvidl |

Alul Hhal | Fnu4HI | |
CvigI HinPlI | ] CviRI AciI| |

Pl | I

GCTTGGCGTAAGTTTTGGGGCGCATGGTCAAAATGETAAAGTGCATTATGGCGGCTCTCA
CGAACCGCATTCAAAACCCCGCGTACCAGTTTTACCATTTCACGTAATACCGCCGAGAGT

Fnu4HI
BseMII MnlI BspMI AciI] Bst4CI

GGGARGTTTGTGGACAATGTGGCAAGAGGGTGTGGCGGCAGGTGEGTCATCAAAACAGTCA

CCCTTCAAACACCTGTTACACCGTTCTCCCACACCGCCCTCCACCAGTAGTTTTGTCAGT

NlaIII

BtgI | ApoIl

BsaJdI | | Tsp5091

BstDST | | Cvidr |

NcoI | | BsmFI | |

MslI sty | |BsrDI Hgal | |MseI |
|

|| R

TCTGAATGTTGATTTGGGCGTAGATAACGCCATGGGACCGCATTGCTTTTGGGCTGTTARA
AGACTTACAACTAAACCCGCATCTATTGCGETACCCTGCGTAACGARAACCCGACARTTT

Cacs8I
BglI|
Mwol |
CviRI| |
EcoRV EciI AciI NlaIII|| MnlI

l | L1

AAATGGACTATAGTAAAATCTAAATCTTGAGAGECGGTACGTCCETCTTTTAGTTCCACT



WO 02/18595 PCT/CA01/01221

78/189
BstUI
Hhal
BstUI |
HinP1I |
HphI Bpll Cvidl AciI | |

i | | | ]

GGTTATCTCAACACCAAAAGTCTTGACGGCTGATAAACAAACCGCGCGTATTTCATCAGG

CCAATAGAGTTGTGGTTTTCAGAACTGCCGACTATTTGTTTGGCECGCATAAAGTAGTCC

Drar

Cac8T MseI|

ApolI NlaIv | Hgal ||
Tsp5091 BanI | | ApoI| ||
Cvidl | BsmI MslI | | | Tspsoor| ||

| l l | L] 1]

GCTACRAATTCCTTATCAAGAAACCACGCATTCAGGTGCCAGCACAACARAATTTAAAGA

CGATGTTTAAGGAATAGTTCTTTGGTGCGTAAGTCCACGETCGTGTTGTTTTAAATTTCT

MnlI Msel
Tsp509T | Af1II|
MseI] | Tsp509I SmlI|

|1 l |

AGCGTCTTTAATTTTGCGAGGCGACACCAAATATCACACCTGATGGTAAAATTGGTCTTAA
TCGCAGAAATTAAAACCTCCGCTGTGGTTTATAGTGTGGACTACCATTITAACCAGAATT

Rsal BslI
Alul Csp61I| FokI SfaNI
cvidr BsrI || PfIMI BStF5I]
GCTARATATCARARATGGCAATCCAGTACCAACACTTGGTCATATCGCCATCCARGAAGA

1261 ~-------- e it e Fm—mmmm - e il fommmm - +
CGATTTATAGTTTTTACCGTTAGGTCATGGTTGTGAACCAGTATAGCGGTAGGTTCTTCT

Bst4CI
MboII AhdI |
TagI | Tagl MboII |

| |

TGCCATCGAAACGAATGTCATCATCGAAGATGGACAARACCGTCGTTCTTGGTGGTATCTA

1321 --------- S il Fommmmmmm- Fommm e e dmmmmmm - +
ACGGTAGCTTTGCTTACAGTAGTAGCTTCTACCTGTTTGGCAGCAAGAACCACCATAGAT

BslI
CvidI CViRI Bfal BslI HphI |

| { l l

TCGCACCAGCCAGAATGAAGGTGCAAATAAAGTGCCTAGATTGGGTGATATGCCTGTGCT

1381 —-=------ et B R dmmmmmmm e hmmmmmm - +
AGCGTGETCEGTCTTACTTCCACGTTTATTTCACGGATCTARCCCACTATACGGACACGA

1140

1200

1260

1320

1380

1440
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HinfI NlaIII
NlaIII Hhal | Alul
TEiI  HinP1I | | Cvidgr

( | |

TGGACGATTGTTTCGGCATGATTCCAAAGCGCATGATAAGTCGGAGCTTTTGATTTTTAT
1441 -----~---- Femmm e Fommmm - e Fo-mm - Fom - + 1500
ACCTGCTAACAAAGCCGTACTAAGGTTTCGCGTACTATTCAGCCTCGAAAACTAAAAATA

Cac8I
Alul | ApolI
Tsp5091 CvidI | Tsp509I

} I |

TACACCCAAATTGGTAAGATAGCTGGCATTATATTGGTCAATARAATAAATGAAATTTTT
1501 ===-===-~ Fomm oo Foom Fmmmmmm e dmmmmmmm o R + 1560
ATGTGGGTTTAACCATTCTATCGACCGTAATATAACCAGTTATTTTATTTACTTTARAAR

Tsp5091
BsrI |
Ddel MaeIII | |
[
ATéTAAGTAATCGGTATCTGAATGGTCAATACATAAAAATACTéGTAACAAATTGCCAAA
1561 --------- Fommmmmm o Fm o m - e i to-mmm - Fmmm + 1620
TAGATTCATTAGCCATAGACTTACCAGTTATGTATTTTTATGACCATTGTTTAACGGTTT

Tsp5091
| .

CATTGTATGATAAGATAATTTTCATTCATT

GTAACATACTATTCTATTAAAAGTAAGTAA
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Figure 27. Sequence of M. catarrhalis invasin protein gene

designated MCA101249

ccatttgteca tgtaaccatg aatgaaaatt gtcaattgtt atcaattttc aataacaagg 60

tatcaatgct gggtatctcc tatatattaa gagtttgatt atg att gat gca gac 115
Met Ile Asp Ala Asp
1 5

gga ttt cgt cca aat gtc ggc atc atc ttg gta aat gca cac ggg caa 163
Gly Phe Arg Pro Asn Val Gly Ile Ile Leu Val Asn Ala His Gly Gln
10 15 20

ctt ttg tgg gca aag cgt atc ggt cat gac agt tgg cag ttt cct caa 211
Leu Leu Trp Ala Lys Arg Ile Gly His Asp Ser Trp Gln Phe Pro Gln
25 30 35

ggc ggt atc agt cat ggc gaa aca cca cta gat gcg atg tat cgt gaa 259
Gly Gly Ile Ser His Gly Glu Thr Pro Leu Asp Ala Met Tyr Arg Glu
40 45 50

ctg tat gaa gaa gtg ggg ctg cat cct gag cat gtc aaa gtg ctg gca 307
Leu Tyr Glu Glu Val Gly Leu His Pro Glu His Val Lys Val Leu Ala
55 60 65

gtc acc cgt gat tgg ttg cgt tat cge ttg cct aag cgt tat ttg cgt 355
Val Thr Arg Asp Trp Leu Arg Tyr Arg Leu Pro Lys Arg Tyr Leu Arg
70 75 80 85

aca ggg cag gag cct ttg tgc att gga caa aaa caa aaa tgg ttt ttg 403
Thr Gly Gln Glu Pro Leu Cys Ile Gly Gln Lys Gln Lys Trp Phe Leu
90 95 100

tta tat ctg gat gaa gct aat acc aaa tac att cgt ttt gat gtg ggc 451
Leu Tyr Leu Asp Glu Ala Asn Thr Lys Tyr Ile Arg Phe Asp Val Gly
105 110 115

gta cct gaa ttt gac gac tgg caa tgg gtg agt tat tgg ttt cct ttg 499
Val Pro Glu Phe Asp Asp Trp Gln Trp Val Ser Tyr Trp Phe Pro Leu
120 125 130

acg ggt gtt gta ccg ttt aaa aga aat gta tat cag cgg gca ttg ctt 547
Thr Gly Val Val Pro Phe Lys Arg Asn Val Tyr Gln Arg Ala Leu Leu

135 140 145
gag ctg att gat gct gta ccc aaa cga aag tct ttg gtg geca aat atg 595
@lu Leu Ile Asp Ala Val Pro Lys Arg Lys Ser Leu Val Ala Asn Met
150 155 160 165

taa taaatatgta ataagcgtta aaaccatcac caaaattggt gatggttttt 648

tgctatgatt tgagttttgc gattagcata cttaggcaaa atttgctaaa at 700
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Figure 28. Restriction enzyme analysis of the M. catarrhalis

invasin protein gene designated MCA101249

NlaIII Tsp509I  Mfel
MaeIII| NlaIII |Tsp509I  Tsp509I

CCATTTGTCATGTAACCATGAATGAAAATTGTCAATTGTTATCAATTTTCAATAACAAGE
GGTAAACAGTACATTGGTACTTACTTTTAACAGTTAACAATAGTTAAARAGTTATTGTTCC

Msel SfaNI CviRI

| |

TATCAATGCTGGGTATCTCCTATATATTAAGAGTTTGATTATGATTGATGCAGACGGATT
ATAGTTACGACCCATAGAGGATATATAATTCTCAAACTAATACTAACTACGTCTGCCTAA

BslI SfaNT CviRI

TCGTCCAAATGTCGGCATCATCTTGETAAATGCACACGGGCAACTTTTGTGGGCAAAGCG
AGCAGGTTTACAGCCGTAGTAGAACCATTTACGTGTGCCCGTTGAARACACCCETTTCGC

Bst4CI MnlI
NlaIII | AciI | SfaNI
BspHI | | SmlI BslI| | NlaIII | BfaI

|1 |1 | |

TATCGGTCATGACAGTTGGCAGTTTCCTCAAGGCGGTATCAGTCATGGCGAAACACCACT

ATAGCCAGTACTGTCAACCGTCAAAGGAGTTCCGCCATAGTCAGTACCGCTTTGTGGTGA

NlaIII
SfaNI
MwoI
BpuloI
BstF5I |
CviRI |
Fnu4HI | |
MboII | |
FokI cvigr| | |
BbvI | TseI| | |
Bst4CI | | BseMII|| | Ddel NspI
| 1 1] ] |l

AGATGCGATGTATCGTGAACTGTATGAAGAAGTGGGGCTGCATCCTGAGCATGTCAAAGT

TCTACGCTACATAGCACTTGACATACTTCTTCACCCCGACGTAGGACTCGTACAGTTTCA

MaeIIll MwoI
Tsp451 BpuloI Rsal |
cac8I | DdeT Csp6I| |
HphI | l BslI Cac8I | MwoI [ |

1 I | |

GCTGGCAGTCACCCGTGATTGGTTGCGTTATCGCTTGCCTAAGCGTTATTTGCGTACAGG

CGACCGTCAGTGGGCACTAACCAACGCAATAGCGAACGCGATTCGCAATARACGCATGTCC
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Alul
CvidI CvidI
NlaIV|  CviRI BstF5I |

GCAGGAGCCTTTGTGCATTGGACAAAAACAAAAATGGTTTTTGTTATATCTGGATGAAGC
361 ~-------- Fmmmmmmm - o mme e Fommmmmme- e mm e Fommmmmm o + 420

CGTCCTCGGAAACACGTAACCTGTTITTGTTTTTACCAAAAACAATATAGACCTACTTCG

Apol
Tep5091
Rsal |
FokT Csp6I | [ BsrI BsrDI

421 --------- 4o mmmn dmm oo dmmmm - PR —— Fmm e + 480
ATTATGGTTTATGTAAGCAAAACTACACCCGCATGGACTTAAACTGCTGACCGTTACCCA

Dral
MseI | BsrDI
BstacI || Cac8I |
Rsal | || Acil | |
HphI BslI cspeI| | || Faul MspAlI | |

| I | [ 1]
GAGTTATTGGTTTCCTTTGACGGETGTTGTACCGTTTAAAAGAAATGTATATCAGCGGGC
481 --=------ R 4mmmmmm o o m - o mmm Fmmmmm - + 540

CTCAATAACCAAAGGAAACTGCCCACAACATGGCAAATTTTCTTTACATATAGTCGCCCG

AluI

CvidI

SfaNI |
Smll | | Rsal
MwoI | | | Csp61I |

ATTGCTTGAGCTGATTGATGCTGTACCCAAACGAAAGTCTTTGGTGGCAAATATGTAATA
--------- $m--—=====%+ 600

TAACGAACTCGACTAACTACGACATGGGTTTGCTTTCAGARACCACCGTTTATACATTAT

HphT
MselI| Tsp5091 HphI
|| l |
AATATGTAATAAGCGTTAAAACCATCACCAAAATTGGTGATGGTTTTTTGCTATGATTTG
601 --------- F-—m-mmm - Fom - Fommmmm - F-mmm - Fm-mmmm - + 660
TTATACATTATTCGCAATTTTGGTAGTGCGTTTTAACCACTACCAAAARAACGATACTAAAC

BstAPI

MwoI

ApoI |

DdeI Tsp509I |

! | ]

AGTTTTGCGATTAGCATACTTAGGCAAAATTTGCTAAAAT

TCAAAACGCTAATCGTATGAATCCGTTTTAAACGATTTTA
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Figure 29. Sequence of M. catarrhalis gene encoding a rare

lipoprotein A (SEQ ID NOs: 29 & 30) designated MCA101388

tgggtgttgg ctatgatacg ccattatttt tgagatttta gtgaaactgc actgaaatca 60

acataaatcc accaaaggct aaaagcctaa ggatcagatg atg aaa aag att ttt 115
Met Lys Lys Ile Phe
1 5

gta gct gct ttg gecg ctg tct gece ttg tet get caa geg geg acce gte 163
Val Ala Ala Leu Ala Leu Ser Ala Leu Ser Ala Gln Ala Ala Thr Val
10 15 20

acc tac tat ggt gat aag ttt cat ggc aaa aag aca gca agt ggc gag 211
Thr Tyr Tyr Gly Asp Lys Phe His Gly Lys Lys Thr Ala Ser Gly Glu
25 30 35

aga ttt aac caa aat gca atg acc tgt gcc agt aat agc cat aaa ttt 259
Arg Phe Asn Gln Asn Ala Met Thr Cys Ala Ser Asn Ser His Lys Phe
40 45 50

ggc acg cat tta aaa gtt acc aac acc gcec aat gat aaa tca gtg att 307
Gly Thr His Leu Lys Val Thr Asn Thr Ala Asn Asp Lys Ser Val Ile
55 60 65

tge cga gtg aat gac cgt ggc ggc ttt ggt aaa tat ggc gtg act tta 355
Cys Arg Val Asn Asp Arg Gly Gly Phe Gly Lys Tyr Gly Val Thr Leu

gat ttg tca aaa ggt gca ttt gct aaa att gca cca ctt tet caa ggt 403
Asp Leu Ser Lys Gly Ala Phe Ala Lys Ile Ala Pro Leu Ser Gln Gly
90 95 100

cgt gca cgg gta atc att gaa aag gtt gat gat tta att gcc caa gac 451
Arg Ala Arg Val Ile Ile Glu Lys Val Asp Asp Leu Ile Ala Gln Asp
105 110 115

acc caa ggt atc gaa agt agc aca ctg gca caa gac agc cta agc gca 499
Thr Gln Gly Ile Glu Ser Ser Thr Leu Ala Gln Asp Ser Leu Ser Ala
120 125 130

caa aaa gtg gct gaa gcg tta tca caa gtt gaa aaa gta tca acc gaa 547
Gln Lys Val Ala Glu Ala Leu Ser Glan Val Glu Lys Val Ser Thr Glu

135 140 145
cac acc act cgc atc act ttg gca agc aat act tca gtg act gaa taa 595
His Thr Thr Arg Ile Thr Leu Ala Ser Asn Thr Ser Val Thr Glu
150 155 160 165
gatgtaaaag cttatgataa aagcgacaga tattgtggtt ggcacaggca aaactgccgt 655

taaaggtgct ttgattatca ctgaatacac aggctatctg 695
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Restriction enzyme analysis of the M. catarrhalis

gene encoding a rare lipoprotein A (SEQ ID NO: 29) designated

MCA101388

61

121

181

241

CviJI Bsgl CviRI TspRI
TGGETGTTCECTATGATACGCCATTATTTTTGAGATTTTAGTGAAACTGCACTGAAATCA

ACCCACAACCGATACTATGCGGTAATAAAAACTCTAARAATCACTTTGACGTGACTTTAGT

Fnu4HI

Bsu361 AluI]

Ddel DpnlI CviJI|

cviJgI CvidI |MboI | AlwI  BbvI Tsel|

| L1 | l |

ACATAAATCCACCAAAGGCTAAAAGCCTAAGGATCAGATGATGAAAARGATTTTTGTAGC

TGTATTTAGGTGGTTTCCGATTTTCGGATTCCTAGTCTACTACTTTTTCTAARAACATCG

Mwol Bst4CT

HaeII | HphT |
HhaI| | Fnu4HI |MaeIII
HinP1I || | SmlI Acil| |Tsp45T
MwoI | || | MwoI | MwoI||BsiEI|

|l | |11 ||

TGCTTTGECACTATCTGCCTTETCTGCTCAAGCGGCEGACCETCACCTACTATGGTGATAR
ACGAAACCGCGACAGACGGAACAGACGAGTTCGCCGCTGGCAGTGGATGATACCACTATT

NlaIII
HphI | Msel CviRI BsrDI Bsrl

| | I | |

GTTTCATGGCAAAAAGACAGCAAGTGGCGAGAGATTTAACCAAAATGCAATGACCTGTGC

CAAAGTACCGTTTTTCTGTCGTTCACCGCTCTCTAAATTGGTTTTACGTTACTGGACACG

BstXI
ApoI | MaeIII
Tsp509T | Dral |
CvidI | | cac8I Mser| | Acirt

I | [l

CAGTAATAGCCATARATTTGGCACGCATTTAAAAGTTACCAACACCGCCAATGATAAATC

GTCATTATCGGTATTTAAACCGTGCGTAAATTTTCAATGGTTGTGGCGGTTACTATTTAG

60

120

180

240

300
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CviJdI
Fnu4HI
AciI|
BtgI ||
BstacI| ||
BsaJI|| || MaeIII
TspRI BstDSI|| || Tsp4S5I
l L
ele

301 --------- Fmmmmm e Fommmmm - dmmmmmmm - dmmmmmm e dmmmmmm e +
TCACTAAACGGCTCACTTACTGGCACCGCCGAAACCATTTATACCGCACTGAAATCTARA

BseSI

BsiHKAI

CviRI Bspl2861

MwoI | CviRI |

CviRI  Tsp509I | | smlI ApaLI | |

l |1 | | 1]

GTCARAAAGGTGCATTTGCTAAAATTGCACCACTTTCTCAAGGTCGTGCACGEGTAATCAT
361 --------- Fmmmmm - dmmmm o m - e Fo-mmmm—— +
CAGTTTTCCACGTAAACGATTTTAACCGTGGTGAAAGAGTTCCAGCACGTGCCCATTAGTA

Tsp5091 BsaJl Bsrl
Msel | StyI Tagl TspRI

| | | |

TGAARAGGTTGATGATTTAATTGCCCAAGACACCCAAGGTATCGAAAGTAGCACACTGGC
421 --------- oo m o fom o e Fommmmm - e Fommmmmm - +

Hhal

HinPlI |

BpuloI | |

Ddel | |
CvidI | [ ] Cvidgl Eco571

|

I 1 I

ACAAGACAGCCTAAGCGCACAAAAAGTGGCTGARGCGTTATCACAAGTTGAAARAGTATC
481 —----=m== pom - dmmm o o m e $mmmmmm Fmmmmmmm e +
TGTTCTGTCGGATTCGCGTATTTTTCACCGACTTCGCAATAGTGTTCAACTTTTTCATAG

TspRI

Cac8I AlwNT |

SfaNI | MaeIII ||
Eco57I | | Tsp45I ||

| I

AACCGAACACACCACTCGCATCACTTTGGCAAGCAATACTTCAGTGACTGAATAAGATGT

541 ---==---- fmmm - fmmm e Hmmmmm e Hmmmmmmm e Fmmmmm e +
TTGGCTTGTGTGGTGAGCGTAGTGARACCGTTCGTTATGAAGTCACTGACTTATTCTACA

AluIl
Cvigl
HindIII | Msel

l

AAAAGCTTATGATAAAAGCGACAGATATTGTGGTTGGCACAGGCAAAACTGCCGTTAAAG

TTTTCGAATACTATTTTCGCTGTCTATAACACCAACCGTGTCCGTTTTGACGGCAATTTC

360

420

480

540

600

660
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TspRI Cvigl

GTGCTTTGATTATCACTGAATACACAGGCTATCTG

CACGAAACTAATAGTGACTTATGTGTCCGATAGAC
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Figure 31. Sequence of M. catarrhalis gene encoding a 36kDa

secreted protein designated MCA101446
acaattgatg actttgatga ttatttgtct ttggatgatg ctcataaact gtgattgata 60

acgctcatac ttaaccccaa ccatttgaca gcccaaaacc atg acc gat aag acc 115
Met Thr Asp Lys Thr
1 5

gac gat gtt aag cca gat acc gat ggc aac cac cca aaa aaa caa aaa 163
Asp Asp Val Lys Pro Asp Thr Asp Gly Asn His Pro Lys Lys Gln Lys
10 15 20

cce cac aca caa gcc aaa tca aag ccc aga cct ttg geg tta ttc tta 211
Pro His Thr Gln Ala Lys Ser Lys Pro Arg Pro Leu Ala Leu Phe Leu
25 30 35

tta ttg geca ctc att gge agt gtg ctt ttg gtg att att ttt ggt ttg 259
Leu Leu Ala Leu Ile Gly Ser Val Leu Leu Val Ile Ile Phe Gly Leu
40 45 50

ata caa agc tat ggc aca ccg caa aac ttg cca aca gct aac gcc att 307
Ile Gln Ser Tyr Gly Thr Pro Gln Asn Leu Pro Thr Ala Asn Ala Ile
55 60 65

ggt agc aca aat gag ccg cca aag ggg gtg att gcc cat ctc aga caa 355
Gly Ser Thr Asn Glu Pro Pro Lys Gly Val Ile Ala His Leu Arg Gln
70 75 80 85

aag att acc gga cct gee aca ttt age att caa ggg cgt gtg gag ggc 403
Lys Ile Thr Gly Pro Ala Thr Phe Ser Ile Gln Gly Arg Val Glu Gly
20 95 100

gaa acg gtg aac atc agc acc aaa ctg ccc agt cgt gtt gct gec att 451
@Glu Thr Val Asn Ile Ser Thr Lys Leu Pro Ser Arg Val Ala Ala Ile
105 110 115

tat gtc aaa gag ggt caa gct gtc agg gca ggc gaa cct ttg gtt cag 499
Tyr Val Lys Glu Gly Gln Ala Val Arg Ala Gly Glu Pro Leu Val Gln
120 125 130

ctt ate agt cect gaa att gac gcec aaa aaa cag caa gcec gect gec atg 547
Leu Ile Ser Pro Glu Ile Asp Ala Lys Lys Gln Gln Ala Ala Ala Met
135 140 145

tta cag tca gecc ctt geoe ttt cag teg tec aca gac cgt ggce aca aga 595
Leu Gln Ser Ala Leu Ala Phe Gln Ser Ser Thr Asp Arg Gly Thr Arg
150 155 160 165

caa gaa aat gta gac acc ctg tac gcc aat tgg caa agt gcc aaa gct 643
@Gln Glu Asn Val Asp Thr Leu Tyr Ala Asn Trp Gln Ser Ala Lys Ala
170 175 180

cag gca acg ctg gca gag gag agc tat cgc cgt ggt gag tat ttg tat 691
Gln Ala Thr Leu Ala Glu Glu Ser Tyr Arg Arg Gly Glu Tyr Leu Tyr
185 190 195
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caa gaa dgc
Gln Glu Gly
200

aag cag tct
Lys Gln Ser
215

aaa gcc cag
Lys Ala Gln
230

caa gtc caa
Gln val Gln

gct gaa acc
Ala Glu Thr

tac att caa
Tyr Ile Gln
280

ctg ctt gac
Leu Leu Asp
295

tac agt cat
Tyr Ser His
310

ctg aac aaa
Leu Asn Lys

gag ttt gcc
Glu Phe Ala

cat agc ttt
His Ser Phe
360

aaa gtg ggc
Lys Val Gly
375

gtc
Val

tct
Ser

cgt
Arg

atc
Ile

atg
Met
265

agce
Ser

aac
Asn

gtc
Val

acc
Thr

acc
Thr
345

aaa

Lys

atg
Met

atc
Ile

gcc
Ala

ggt
Gly

gct
Ala
250

ctt
Leu

agt
Ser

cac
His

cat
His

gcec
Ala
330

atc
Ile

acc
Thr

agt
Ser

tce
Ser

caa
Gln

cgc
Arg
235

cgt
Arg

tat
Tyr

gaa
Glu

cct
Pro

gcc
Ala
315

gat
Asp

aaa
Lys

aaa
Lys

gtg
Val

cge
Arg

att
Ile
220

act
Thr

gcg
Ala

gcc
Ala

ctg
Leu

acc
Thr
300

ctg
Leu

ttt
Phe

aat
Asn

ctt
Leu

ata
Ile
380

caa
Gln
205

gcc
Ala

gat
Asp

gcg
Ala

cce
Pro

gtc
Val
285

att
Ile

ccc
Pro

aaa
Lys

act
Thr

gaa
Glu
365

ttt
Phe

88/189

cgc
Arg

cat
His

gaa
Glu

gtt
Val

att
Ile
270

atg
Met

acc
Thr

aag
Lys

atc
Ile

aga
Arg
350

cCcC

Pro

gat
Asp

cgt
Arg

gca
Ala

tta
Leu

gcc
Ala
255

gat
Asp

cca
Pro

ata
Ile

cta
Leu

gtg
val
335

cag
Gln

atc
Ile

atc
Ile

gat
Asp

gca
Ala

aaa
Lys
240

gaa
Glu

ggc
Gly

gcg
Ala

agc
Ser

act
Thr
320

cat

His

aca
Thr

acc
Thr

act
Thr

attttcatcc aaataagtct gatatccatg attgttcget

gecatttttge gtgagcttaa ccgettatca tgtaaccgat

atagcaccgc tt

gag
Glu

cag
Gln
225

tecg
Ser

gcc
Ala

acg
Thr

gtg
Val

atc
Ile
305

ggt
Gly

acc
Thr

ggc
Gly

cce
Pro

gtt
Val
385

ttattcgtge tttttgccaa

ttgatttgge gatggtcatg

atg
Met
210

cag
Gln

tce
Ser

gat
Asp

gtc
Val

cct
Pro
290

caa
Gln

ttt
Phe

gat
Asp

ggt
Gly

att
Ile
370

ttg
Leu

agg
Arg

cag
Gln

gce
Ala

gcc
Ala

tca
Ser
275

gta
Val

gaa
Glu

atc
Ile

gat
Asp

tat
Tyr
355

gaa

Glu

cct
Pro

PCT/CA01/01221
gca gcg 739
Ala Ala
tat cta 787
Tyr Leu
gac dcc 835
Asp Ala

245
cta gat 883
Leu Asp
260
aaa atc 931
Lys Ile
atg agc 979
Met Ser
aat cag 1027
Asn Gln
cct gea 1075
Pro Ala

325
gag gga 1123
Glu Gly
340
gac att 1171
Asp Ile
ggg tta 1219
Gly Leu
taa 1264

1324

1384

1396
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Figure 32. Restriction enzyme analysis of the M. catarrhalis

gene encoding a 36kDa secreted protein designated MCA101446

Mfel Bst4CI
Tsp509T SfaNI BstF5I  FokI |
ACAATTGATGACTTTGATGATTATTTGTCTTTGGATGATGCTCATARACTGTGATTGATA
1 —---—--- dmmm e e e Fommmmmm - Fmmmmm - e + 60
TGTTAACTACTGAAACTACTAATAAACAGAAACCTACTACGAGTATTTGACACTAACTAT

Msel CviJdgI NlaIII
ACGCTCATACTTAACCCCAACCATTTGACAGCCCAAAACCATGACCGATAAGACCGACGA
61 —=--=---- s R Fmmmmem - R Hmmm e + 120
TGCGAGTATCAATTGEEETTGGTAAACTGTCGEETTTTGEGTACTGGCTATTCTGGCTGCT

CvidI
Msel [ Cvidgl
TGTTAAGCCAGATACCGATGGCAACCACCCAAAAAAACAARAACCCCACACACAAGCCAA
121 --------- Hmmmmmm o dommmm o dmmmmmmm e T dmmmmm o + 180
ACAATTCGGTCTATGGCTACCGTTGETGEGETTTTTTTGTTTTTGGEGETGTGTGTTCGGTT

BtsI
CviJdI BstXI TspRI
ATCAAAGCCCAGACCTTTGGCETTATTCTTATTATTGGCACTCATTGGCAGTGTGCTTTT
181 ----~=---- R e Fmmm e R e o Fommmm e + 240
TAGTTTCGGGTCTGGAAACCGCAATAAGAATAATAACCGTGAGTAACCGTCACACGAAAA

Alul BstAPI AluT
HphI CvidI AciI MwoI CviJI
GGTGATTATTTTTGGTTTGATACAAAGCTATGGCACACCGCAARACTTGCCAACAGCTAA
241 -----o-e- Fom—mmm - S ittt Foemmmme R e tadata bl e + 300
CCACTAATAAAAACCAAACTATGTTTCGATACCETETGGCETTTTGAACGETTGTCGATT

Acil
Fnu4HI DdeI
cvigI| BslI HphI |

|

CGCCATTGGTAGCACAAATGAGCCECCAAAGGGGETGATTGCCCATCTCAGACAAAAGAT
301 --------- dmmm Fom e S e Fmmm e Fmmm o + 360
GCGGTAACCATCGTGTTTACTCGGCEETTTCCCCCACTAACGGGTAGAGTCTGTTTTCTA
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Avall
Sau96l
HpaIl |
BsaWI| |
BseMII| | | BspMI BsmI MnlI Bst4CI

111 | | |

TACCGGACCTGCCACATTTAGCATTCAAGGGCGTGTGCGAGGGCGARACGGTGAACATCAG

ATGGCCTGGACGGTETAAATCGTAAGTTCCCGCACACCTCCCGCTTTGCCACTTGTAGTC

BmrI
BsrI| Fnu4HI AluI
HphT BbvI || TseI] MnlI CvidI Mwol

| | 11 |

CACCAAACTGCCCAGTCGTGTTGCTGCCATTTATGTCAAAGAGGGTCAAGCTGTCAGGGC

GTGCTTTGACGGETCAGCACAACGACGGTAAATACAGTTTCTCCCAGTTCGACAGTCCCG

Fnu4HI

MspAlI

Tsel

AciI |

FnudHI |

AluI Hgal cvidI| |

Cac8I CvidI Tsp509I BsaHI  BbvI| Cac8I || |

| I | l ) | 111

AGGCGAACCTTTGGTTCAGCTTATCAGTCCTGAAATTGACGCCAAAAAACAGCAAGCCGC

TCCGCTTGCGAAACCAAGTCGAATAGTCAGGACTTTAACTGCGGTTTTTTGTCGTTCGGCG

Btgl

Bst4CI Bst4CI|
NlaIII | BsaJI] |
MaeIII| |cvigz BstDSI| |

TGCCATGTTACAGTCAGCCCTTGCCTTTCAGTCGTCCACAGACCGTGGCACAAGACAAGA

ACGGTACAATGTCAGTCGGGAACGGAAAGTCAGCAGGTGTCTGGCACCGTGTTCTGTTCT

Mfel BpulOI BseMII
Tsp509I DdeI Cac8I |
Rsal | AluI| MwoI| |
AccI Csp6I| | CviJdI| MnlI| |

NI | L

AAATGTAGACACCCTGTACGCCAATTGGCAAAGTGCCAAAGCTCAGGCAACGCTGGCAGA

TTTACATCTGTGGGACATGCGETTAACCGTTTCACGETTTCGAGTCCGTTCGCGACCGTCT

Btgl
BseRI |
Alul BsaJI|| HphI
CviJI BstDSI] | Hgal| BsaHI Acil  Faul

l L] | | | |

GGAGAGCTATCGCCGTGETGAGTATTTGTATCAAGAAGGCGTCATCTCCCGCCAACGCCE

CCTCTCGATAGCGGCACCACTCATAAACATAGTTCTTCCGCAGTAGAGGGCEGTTGCGGC
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Fnu4HT
BbsI CviRI|
MboII Mwol | BbvI
FnudHI | MwoI  N1laIII| FnudHI |
MnlI TseI| | BbvI  Tsp509I | TseI| TseI| |

| ] I | 1 |l I

TGATGAGATGAGGGCAGCCGAAGCAGTCTTCTGCCCAAATTGCCCATGCAGCACAGCAGCA

ACTACTCTACTCCCGTCGCTTCGTCAGAAGACGGGTTTAACGGETACGTCATGTCGTCGT

Msel

EciI]|
Cvigl Tsp509I || Hgal
Bbvi | TspRI| || AciI BsaHI Drdl |

| |l ] I I | |

GTATCTAAAAGCCCAGCGTEGTCGCACTGATGAATTAAAATCGTCCECCGACGCCCAAGT

CATAGATTTTCGGGTCECACCAGCGTCGACTACTTAATTTTAGCAGGCGGCTGCGGGTTCA

SfaNT
MwoI
AciI |
Fnu4HI | |
Beiz| | |
BegI| | | SfaNI Mwol
BssSI MwoI| | | CviJI | Bfal | NlaIIT

I ol | | || |
CCARATCGCTCGTGCGGCGETTGCCGAAGCCGATGCCCTAGATGCTGAAACCATGCTTTA
T + 900

GETTTAGCGAGCACGCCGCCAACGECTTCGGCTACGEGGATCTACGACTTTGGTACGAAAT

Cac8I
Bsal BtsI NlaIII |

BslI Bst4CI BsmAI TspRI BsrI | |
I I | | |1
TGCCCCCATTGATGGCACGETCTCAAAAATCTACATTCAAAGCAGTGAACTGETCATGCC

901 ~--------- e it Fo-mmmm o tomm e t--—mm - +--mm-m--- + 960
ACGGGGETAACTACCGTGCCAGAGTTTTTAGATGTAAGTTTCGTCACTTGACCAGTACGG

NlaIlv
BanI |
MwolI |
Acit | | Cac8I
MspAlI | | CvidI | FokI BStF5I SfaNI
I

AGCGGTGCCTGTAATGAGCCTGCTTGACAACCACCCTACCATTACCATAAGCATCCAAGA
--------- + 1020

TCGCCACGGACATTACTCGGACGAACTGTTGGTCGEGATCGTAATGGTATTCGTAGGTTCT

Bst4CI
Rsal | NlaIII Bsgl

Csp6I| | MslI | Alul |

TatI|| |NlaIII| | Cvigr |  BsrI CviRI TspRI

L] | I || I | I
AAATCAGTACAGTCATGTCCATGCCCTGCCCAAGCTAACTGGTTTTATCCCTGCACTGAR
R + 1080

TTTAGTCATCTCAGTACAGGTACGECGACCGGTTCGATTGACCARAATAGGGACGTGACTT
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Dral MnlI
Acirz MseI| CviRI MslI|

| | |

CAARACCGCCGATTTTAAAATCGTGCATACCGATGATGAGGGAGAGTTTGCCACCATCAR
1081 --------- Fmm e Hmmmm R dmmmmmm - fmm e m e + 1140
GTTTTGGCGGCTAAAATTTTAGCACGTATGGCTACTACTCCCTCTCARACGETGGTAGTT

Dral
Msel |
Alul ||
Bfal AcilI cvidr || HphI
l l | 1l
AAATACTAGACAGACAGGCGGTTATGACATTCATAGCTTTAAAACCAAACTTGAACCCAT
1141 --------- dommmmm - tmmmommm o dmm e oo oo oo + 1200
TTTATGATCTGTCTGTCCGCCAATACTGTAAGTATCGAAATTTTGGTTTGAACTTGGGTA

FokI

TspRI |

BslI MslI Bstacr ||

BslI| Msel N1laIIT| EcoRV |

| l | | | 1]
CACCCCCATTGAAGGGTTAAAAGTGGGCATGAGTGTGATATTTGATATCACTGTTTTGCC

1201 --=------- Fommmmm - R D e et 4o mmm e + 1260

GTGGGGGTAACTTCCCAATTTTCACCCGTACTCACACTATAAACTATAGTGACARAACGE

ApoI
Tsp5091
MseI |BstF5I EcoRV NlaIII
LTLAATTT%CATCCAAATAAGTCTGA%ATCCATGATTGTTCGCTTTATTCGTGCTTTTTG
1261 -------~-- o - Fommm Fo--————- i it + 1320
AATTTARAAGTAGGTTTATTCAGACTATAGGTACTAACAAGCGARATAAGCACGARARAC

MseIl
Alul | NlaIII
CviJI |AciI MaeIlI| BspHI

|1 | |

CCAAGCATTTTTGCGTGAGCTTAACCGCTTATCATGTAACCGATTTGATTIGGCGATGGT
1321 —===----- Fm e B dmmmmm o R dmm = + 1380
GGTTCGTAARAACGCACTCGAATTGGCGAATAGTACATTGGCTAAACTAAACCGCTACCA
N1laIII  AciI
CATGATAGCACCGCTT

GTACTATCGTGGCGAA



WO 02/18595 PCT/CA01/01221

93/189

Figure 33. Sequence of M. catarrhalis gene (SEQ ID NOs: 33 &
34) designated MCA101580

cgtcatttgg aacaagacag ttatttgtaa atagttattt gcaaaagacg gctaaaagac 60

agaacagegt ttgtttcagt gattaactag gagaaaaaca atg aaa act tta aaa 115
Met Lys Thr Leu Lys
1 5

aca cta ttg gca gta tca gct tct teg tta ttg geg atg agt gct aac 163
Thr Leu Leu Ala Val Ser Ala Ser Ser Leu Leu Ala Met Ser Ala Asn
10 15 20

gct gcc atc age tat ggc aat tct get gat gcc caa cct tat gtt ggt 211
Ala Ala Ile Ser Tyr Gly Asn Ser Ala Asp Ala Gln Pro Tyr Val Gly
25 30 35

gcc aaa att ggt caa gta gat gcc aag caa atc aac ggt aaa aat acc 259
Ala Lys Ile Gly Gln Val Asp Ala Lys Gln Ile Asn Gly Lys Asn Thr
40 45 50

gct tat ggt att tat gca ggt tat aac ttt gac caa aat ttt ggc gta 307
Ala Tyr Gly Ile Tyr Ala Gly Tyr Asn Phe Asp Gln Asn Phe Gly Val
55 60 65

gaa gcc gaa ttt gtt ggt tca gac gcc aaa gaa ttt aat gca ggt atg 355
Glu Ala Glu Phe Val Gly Ser Asp Ala Lys Glu Phe Asn Ala Gly Met
70 75 80 85

agt cct gta aaa ggt gat gtg aag tct ttt ggt gct tat ggc aca tat 403
Ser Pro Val Lys Gly Asp Val Lys Ser Phe Gly Ala Tyr Gly Thr Tyr
90 95 100

cgc tat aac ttc atc aat acc cca ttt tat gecc aag ggc aaa ttg ggc 451
Arg Tyr Asn Phe Ile Asn Thr Pro Phe Tyr Ala Lys Gly Lys Leu Gly
105 110 115

att gct aag act aaa gta gat gtt acc agc cgt aat gca act aca tac 499
Ile Ala Lys Thr Lys Val Asp Val Thr Ser Arg Asn Ala Thr Thr Tyr
120 125 130

tca aac aaa agc gac aaa acc agc cta gca ggc ggt gtt ggt gtt gge 547
Ser Asn Lys Ser Asp Lys Thr Ser Leu Ala Gly Gly Val Gly Val Gly
135 140 145

ttt aaa cca tta gca aat gtg ggc gtt gaa gca agc tac aac tat cta 595
Phe Lys Pro Leu Ala Asn Val Gly Val Glu Ala Ser Tyr Asn Tyr Leu
150 155 160 165
tca gaa gat gcc aat gca att agt ttg gge get cat ttg get tte taa 643
Ser Glu Asp Ala Asn Ala Ile Ser Leu Gly Ala His Leu Ala Phe

170 175 180
ttgccaattg cttgaacaac ataaaaaaga tcctcgaatt gagggtettt tttattggtce 703

agtttatceg taagataagc catcatgata aattatcttt 743



WO 02/18595 PCT/CA01/01221

94/189

Figure 34. Restriction enzyme analysis of a M. catarrhalis

gene, as shown in SEQ ID NO: 33 designated MCA101580
Bst4CI CviRI Cvidl

CGTCATTTGGAACAAGACAGTTATTTGTAAATAGTTATTTGCAAAAGACGGCTAAAAGAC
GCAGTAAACCTTGTITCTGTCAATAAACATTTATCAATAAACGTTTTCTGCCGATTTTCTG

Bfal
MseI | Dral
TspRI | MseI|
| |
AGAACAGCGTTTGTTTCAGTGATTAACTAGGAGAAAAACAATGAAAACTTTAAARACACT
6l —-----m- Fommmmm— - Fommm e e R et et +
TCTTETCECAAACAAAGTCACTAATTGATCCTCTTTTTGTTACTTT TGAAATTTTTGTGA

AluIl
Cvidl Fnu4HI
MwoI | Mwol MwoT | Alul
MboII | | Bbvl | Tsel| cvidl

NN | | l

ATTGGCAGTATCAGCTTCTTCGTTATTGGCGATGAGTGCTAACGCTGCCATCAGCTATGG

Tsp509T |

NlaIv | |

BanI | ] |

SfaNI Bsll | | | |
Tsp5091 Xemr | | | |

I
I N N

CAATTCTGCTGATGCCCAACCTTATGTTGCTGCCARAATTGGTCAAGTAGATGCCAAGCA

GTTAAGACGACTACGGGTTGGAATACAACCACGGTTTTAACCAGTTCATCTACGGTTCGT

BstXI
ApoI |
Bst4CT AciT BspMI CviRI Psil Tsp509T1 I

| l i | | |

AATCAACGGTAAAAATACCGCTTATGGTATTTATGCAGGTTATAACTTTGACCAAAATTT

TTAGTTGCCATTTTTATGGCGAATACCATAAATACGTCCAATATTGAAACTGGTTTTAAA

60

120

180

240

300
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Msel

ApoI |

Apol BspMI |

Tsp5091 Hgal |
cvigr | BsaHI Tsp509I  |CviRI  HinfI

| ] T T N

TGGCGTAGAAGCCGAATTTGTTGGTTCAGACGCCAAAGAATTTAATGCAGGTATGAGTCC

ACCGCATCTTCGGCTTAAACAACCAAGTCTGCGGTTTCTTAAATTACGTCCATACTCAGG

BslI
M1yT|

EcoNI | |
PleI]| | HphI MwoI

361

421

481

541

601

TETAAAAGCTGATGTGAAGTCTTTTGGTGCTTATGGCACATATCGCTATAACTTCATCAA
ACATTTTCCACTACACTTCAGAAAACCACGAATACCGTGTATAGCGATATTGAAGTAGTT

Bsadl Tsp509I BsrDI
StyI  XcmI|MwoI | Ddel MaeIII  CviJI

N l l

TACCCCATTTTATGCCAAGGGCARATTGGGCATTGCTAAGACTARAGTAGATGTTACCAG

Bfal ||
CviRI CviJI |MwoI|

N

CCGTAATGCAACTACATACTCAARCAAAAGCGACAARACCAGCCTAGCAGGCGGTGETTGG
GGCATTACGTTGATGTATGAGTTTGTTTTCGCTGTTTTGGTCGGATCGTCCGCCACAACT

Dral Alul
Msel | CvidJdI
CcvidI || Cac8I | SfaNI

| | | l

TETTGGCTTTAAACCATTAGCAAATGTGGGCGTTGAAGCAAGCTACAACTATCTATCAGA
ACAACCGAAATTTGGTAATCGTTTACACCCGCAACTTCGTTCGATGTTGATAGATAGTCT

Tsp509I Haell Tsp5091
CViRI| HhaI| CvidJI |  Mfel
MboITI | HinP1I || MwoI | | Tsps091

|| | 11 | | l |

AGATGCCAATGCAATTAGTTTGEGCGCTCATTTGCGCTTTCTAATTGCCAATTGCTTGAAC

TCTACGETTACGTTAATCAAACCCGCGAGTARACCGAAAGATTAACGGTTAACGRACTTG

360

420

480

540

600

660
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Tsp5091

DpnI |

BstYI |MnlI |
AlwI MboI |TagI | MnlI

N

AACATAAAAAAGATCCTCGAATTGAGGGTCTTTTTTATTGGTCAGTTTATCCGTAAGATA,

661 —=-=—--===
TTGTATTTTTTCTAGGAGCTTAACTCCCAGAAAAAATAACCAGTCAAATAGGCATTCTAT

Tsp5091

NlaIril |

BspHI | |
cvidr | [

|1

AGCCATCATGATAAATTATCTTT

TCGGTAGTACTATTTAATAGARA
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Figure 35. Sequence of M. catarrhalis gene encoding a rare

lipoprotein A (SEQ ID NOs: 35 & 36) designated MCA101666

ctgatttgtg cctatttgta catttttgtg tacatatttt ggtcagtatg ttgagatttt 60

ctcaattatt gtcagagtat gcaatactaa aggtgtaacc atg aaa aca gtg agc 115
Met Lys Thr Val Ser
1. 5

aaa tct tta ctt gga tta gecg age att act tta acc gca agt tta age 163
Lys Ser Leu Leu Gly Leu Ala Ser Ile Thr Leu Thr Ala Ser Leu Ser

atg aat gca caa gct ggc aat agc cct gcc aat atc gac aat gta cta 211
Met Asn Ala Gln Ala Gly Asn Ser Pro Ala Asn Ile Asp Asn Val Leu
25 30 35

cag cag ctc acc acg cag cat aat aat gcg tca agc ttg gtc aaa tca 259
Gln Gln Leu Thr Thr Gln His Asn Asn Ala Ser Ser Leu Val Lys Serxr
40 45 50

gtg cgt caa ccc gcc tet ttg geg ctt aac agt cca atg att get caa 307
Val Arg Gln Pro Ala Ser Leu Ala Leu Asn Ser Pro Met Ile Ala Gln
55 60 65

tcc acc aaa tcc aaa aaa acc gat gaa gat att cct gtg ctt gac cgt 355
Ser Thr Lys Ser Lys Lys Thr Asp Glu Asp Ile Pro Val Leu Asp Arg
70 75 80 85

ctg acc gca gtc gct tca agc act gtc aat aag ttc aaa caa aat ggc 403
Leu Thr Ala Val Ala Ser Ser Thr Val Asn Lys Phe Lys Gln Asn Gly
90 95 100

atc gct tca tgg tat ggt cgt cag ttt cat ggt cgt aaa act gcc agt 451

Ile Ala Ser Trp Tyr Gly Arg Gln Phe His Gly Arg Lys Thr Ala Ser
105 110 115

ggc gaa acc ttt gat atg aat gcc tta acg gca gca cac agt agc ctg 499
Gly Glu Thr Phe Asp Met Asn Ala Leu Thr Ala Ala His Ser Ser Leu
120 125 130

cca atg aat tgc cat gtc aga gtg acc aat cgt gat aat ggt aaa tct 547
Pro Met Asn Cys His Val Arg Val Thr Asn Arg Asp Asn Gly Lys Ser
135 140 145

gtg gtc gtc aaa atc aac gat cga ccc aaa acc aat cgt gtg ctt gat 595
Val Val Val Lys Ile Asn Asp Arg Pro Lys Thr Asn Arg Val Leu Asp
150 155 160 165

ttg tct tat ggt gect gee caa gee att ggt atg act ggt aat gtt ggt 643
Leu Ser Tyr Gly Ala Ala Gln Ala Ile Gly Met Thr Gly Asn Val Gly
170 175 180
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aat gta acc att gag cgt att gat taa tcatcttgat tatttatatt 690
Asn Val Thr Ile Glu Arg Ile Asp

185 190
aatcattttg attatttatc aagatatcca aaaccagctg ctaaagctgg tttttttgta 750

ttaattttag aaaaacaatt 770
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Figure 36. Restriction enzyme analysis of the M. catarrhalis

gene encoding a rare lipoprotein A (SEQ ID NO: 35) designated

MCA101666
Rsal
Rsal Cspé6I]|
Csp6I]| BsrGI| |
BSrGI| | TatI] |

TatI|| Msl |||

|11 | 111

CTGATTTGTGCCTATTTGTACATTTTTGTGTACATATTTTGGTCAGTATGTTGAGATTTT
————————— T R e e TR S -1

GACTAAACACGGATAAACATGTAAAAACACATGTATAAAACCAGTCATACAACTCTARAR

CviRI Bst4CI
Tsp509T BplI | MaeIII  NlaIII | TspRI

| | | | | | |

CTCAATTATTGTCAGAGTATGCAATACTAAAGGTGTAACCATGAAAACAGTGAGCARATC

Cac8I MseI | MseI NlaIrir | | |

l I R U T L

TTTACTTGGATTAGCGAGCATTACTTTAACCGCAAGTTTAAGCATGAATGCACAAGCTGG
————————— e e e e e e m o m e m—————— -} 180

61

GAGTTAATAACAGTCTCATACGTTATGATTTCCACATTGGTACTTTTGTCACTCGTTTAG

Cac8I

Alul |

CvidI |

BsmI | |

Acil CviRI | |

|

|

121
AAATGAACCTAATCGCTCGTAATGAAATTGGCGTTCAAATTCGTACTTACGTGTTCGACC
Alul
CviJl
Fnu4HT
Tsel
HphI | Hgal
sfcI | | Fnu4HI |
RsaIl | | | BbvI] |
cspeI| | | | TseIl | BbvI
CvidgT Tagl TatI|| | | | MwoI ||| wmslI
| | IR | 111 |

CAATAGCCCTGCCAATATCGACAATGTACTACAGCAGCTCACCACGCAGCATAATAATGC
————————— e e e e e alat S~ Y-11]

GTTATCGGEACGGTTATAGCTGTTACATGATGTCGTCGAGTGGTGCGTCGTATTATTACG
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Bst4CI

Msel

Haell
HhaT
MnlT
HinP1T |
AluI Bgll | |
CvidI HincII MwoI | |
HindIII | Hgal TspRI |AciI  Faul| | |
| | I 1 ]

GTCARGCTTGGTCAAATCAGTGCGTCAACCCGCCTCTTTGGCCCTTAACAGTCCAATGAT

CAGTTCGAACCAGTTTAGTCACGCAGTTGCGCGGAGAAACCGCGAATTGTCAGGTTACTA

XmnI MboII Bst4CI AciI

| \ | |

TGCTCAATCCACCAAATCCARAAAAACCGATGAAGATATTCCTGTGCTTGACCGTCTGAC
ACGAGTTAGGTGGTTTAGGTTTTTTTGGCTACTTCTATAAGGACACGAACTGGCAGACTG

TspRI NlaITI
PshAT Bst4CI | SfaNI |

I | |

CGCAGTCGCTTCAAGCACTGTCAATAAGTTCAAACAAAATGGCATCGCTTCATGGTATGG

GCGTCAGCGAAGTTCGTGACAGTTATTCAAGTTTGTTTTACCGTAGCGAAGTACCATACC

BglI
Mwol
MseI |

NlaIII BsrI TspRI BsmI |
| | | I

TCETCAGTTTCATGGTCETAAAACTGCCAGTEGGCGAAACCTTTGATATGAATGCCTTAAC

AGCAGTCAAAGTACCAGCATTTTGACGGTCACCGCTTTGGAAACTATACTTACGGAATTG

Cac8I
CviJdl | MaeIII
Fnu4HI BbvI| | Tsp45T
TseI| BstaCI || | Tsp509I NlaIII |

/1 | I l

GGCAGCACACAGTAGCCTGCCAATGAATTGCCATGTCAGAGTGACCAATCGTGATAATGG

CCGTCGTGTGTCATCGEGACGGTTACTTAACGGTACAGTCTCACTGGTTAGCACTATTACC
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BsiEI
PvuI
TagI
Dpnl |
MboI || BbvI

| 11 |

TAAATCTGTGGTCGTCAAAATCAACGATCGACCCAAAACCAATCGTGTGCTTGATTTGTC
ATTTAGACACCAGCAGTTTTAGTTGCTAGCTGGGTTTTGGTTAGCACACGAACTAAACAG

MslI
BstXI |

FoudHI  CvidI | |
TseI| MwoI | | | BsrI MaeIII

N | |

TTATGGTGCTGCCCARGCCATTGGTATCGACTGGTAATGTTGGTAATGTAACCATTIGAGCG
AATACCACGACGGGTTCGGTAACCATACTGACCATTACAACCATTACATTGGTAACTCGC

Asel Asgel ECORV
Msel Msel BbvI|

I

TATTGATTAATCATCTTGATTATTTATATTAATCATTTTGATTATTTATCAAGATATCCA

ATAACTAATTAGTAGAACTAATAAATATAATTAGTAAAACTAATAAATAGTTCTATAGGT

Fnu4HI
AluI|
CviJI|
MspAll | Alul Tsp5091
PvuIl|  CviJI AseI|
TseI| MwoI | Msel| Tsp509T

| | | I

AAACCAGCTGCTAAAGCTGGTTTITTTIGTATTAATTTTAGAAAAACAATT

TTTGGTCGACGATTTCGACCAAAAAAACATAATTAAAATCTTTTTGTTAA
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Figure 37. Sequence of M. catarrhalis OMP gene designated

MCA101792

tgagttaatt acctgtatta attacttgca tcaagttgag agtggggcag agtttggtgg 60

ttttattttg tattttattt ggtattttta aggaacggtt atg aaa aag cta ctt 115
Met Lys Lys Leu Leu
1 5

ttg gca gcc cta ttg aca agc act tca aca ctg gca atg gct caa atc 163
Leu Ala Ala Leu Leu Thr Ser Thr Ser Thr Leu Ala Met Ala Gln Ile
10 15 20

tcec acc gat ggt ctg tat gta caa ggt aat gtt ggc gta tca aaa tta 211
Ser Thr Asp Gly Leu Tyr Val Gln Gly Asn Val Gly Val Ser Lys Leu
25 30 35

aat gcc aag gag gac ggt gag aag gct aaa cgc aac gca act caa tac 259
Asn Ala Lys Glu Asp Gly Glu Lys Ala Lys Arg Asn Ala Thr Gln Tyr
40 45 50

acc atc gce gtc ggt aaa gac atg ggt gcg ata cgt ttt cag gca gac 307
Thr Ile Ala Val Gly Lys Asp Met Gly Ala Ile Arg Phe GIn Ala Asp
55 60 65

tat acc aac ttt ggc aaa atg aaa aat aac ggt tca gaa ggc aag cga 355
Tyr Thr Asn Phe Gly Lys Met Lys Asn Asn Gly Ser Glu Gly Lys Arg
70 75 80 85

gac gag gtg agg tat gaa gaa tgg aaa gct tcc tta aaa gct cat tca 403
Asp Glu Val Arg Tyr Glu Glu Trp Lys Ala Ser Leu Lys Ala His Ser
90 95 100

ttg gge gtg tct geec att tat gat ttt aac acc gca aca ggg ctg acc 451
Leu Gly Val Ser Ala Ile Tyr Asp Phe Asn Thr Ala Thr Gly Leu Thr
105 110 115

cce tat gea ggc atg cgt gtt ggt gecc aat cag cta aaa gtt gac ggt 499
Pro Tyr Ala Gly Met Axg Val Gly Ala Asn Gln Leu Lys Val Asp Gly
120 125 130

caa gat ctt tat aat aag att aca cca gac ggt agg cta caa cta gta 547
Gln Asp Leu Tyr Asn Lys Ile Thr Pro Asp Gly Arg Leu Gln Leu Val
135 140 145

aaa gat atc aaa tca aag aaa agc aac aaa gtc age gtg ggt gca gtt 595
Lys Bsp Ile Lys Ser Lys Lys Ser Asn Lys Val Ser val Gly Ala Val
150 155 160 165

gca ggt gtg caa tac gcc ttt aat cca cag ctg geca tta gat gca ggt 643
Ala Gly Val Gln Tyr Ala Phe Asn Pro Gln Leu Ala Leu Asp Ala Gly
170 175 180
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gta gaa tat
Val Glu Tyr

tat ggt gcg
Tyr Gly Ala
200

cac
His
185

aaa
Lys

103/189

tac tta ggt aag att gag
Tyr Leu Gly Lys Ile Glu
190

gtg ggt ctt cge cat aac
Val Gly Leu Arg His Asn
205

agt
Ser

ttt
Phe

ctgctgattt taagcttgct aaaaaaccca tcggtacgat

aaagtgataa aaatcagcaa aacagctgac

PCT/CA01/01221

ctt aaa ctc aat caa 691
Leu Lys Leu Asn Gln
195

taa aattagcaag 737

atatcgatgg gtttttgtaa 797

827
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Figure 38. Restriction enzyme analysis of the M. catarrhalis

OMP gene designated MCA101792

Tsp50691
Tsp5091 AseI|
Msel | MseI | CviRI SfaNI

| | | l

TGAGTTAATTACCTGTATTAATTACTTGCATCAAGTTGAGAGTGGEGGCAGAGTTTGGTGG
1 -----==== Fom +----=---- Frmm - +---mm—-- Fo-mm oo + 60
ACTCAATTAATGGACATAATTAATGAACGTAGTTCAACTCTCACCCCGTCTCAAACCACC

Alul Fnu4HT
MseI  Bst4CI CvidI Tsel|
TTTTATTTTGTATTTTATTTGGTATTTTTAAGGAACGGTTATGAAAAAGCTACTTTTGGC

6l --—---=--- Fmommmmme- Frmm - R i Fomm - dmmmmm + 120
AAAATAAAACATAAAATAAACCATAAAAATTCCTTGCCAATACTTTTTCGATGAAAACCG

BsrDI
CviJrI|
Bsrl |
CvidgI BbvI TspRI I
I | l ||
AGCCCTATTGACAAGCACTTCAACACTGGCAATGGCTCARATCTCCACCGATGGTCTGTA
121 --------- ommmmmem e R et ommmmmm o R bt + 180
TCGGGATAACTGTTCGTGAAGTTGTGACCGTTACCGAGTTTAGAGGTGGCTACCAGACAT

RsarI
Csp6T] Bsadl
BsrGI| | MseI  StyI HphI
TatI]| | Tsp509I | MnlI | Bst4CI Ccvidr |

| 1] | | | I | |

TGTACAAGGTAATGTTGGCETATCAAAATTAAATGCCAAGGAGGACGGTGAGAAGGCTAA
181 ~=--=mmee Hmm e Fmmmmmmm e Fom e e Hmmmmm e + 240
ACATGTTCCATTACAACCGCATAGTTTTAATTTACGGTTCCTCCTGCCACTCTTCCGATT

Taill
NlaIII MaeIIl |
ACGCAACGCAACTCAATACACCATCGCCGTCGGTAAAGACATGGGTGCGATACGTTTTCA
241 —~------- Fom e ommmmm oo Lt Hmmmmmmm e Hommm - + 300
TGCGTTGCGTTGAGTTATGTGGTAGCGGCAGCCATTTCTGTACCCACGCTATGCAAAAGT
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MnlI
Cac8I |
BsmAI | |
Bst4CI BemBI | | MnlI

i | 1] l

GGCAGACTATACCAACTTTGGCAAAATGAAAAATAACGGTTCAGAAGGCAAGCGAGACGA
CCGTCTGATATGGTTGAAACCETTTITACTTTTTATTGCCAAGTCTTCCGTTCGCTCTGCT

Alul

Cvidgr

MboII AluI
HphI HindIII | Msel CvidJI

I | | | l

GGTGAGGTATGAAGAATGGAAAGCTTCCTTAAAAGCTCATTCATTGGGCGTGTCTGCCAT

361 --------- Fom e Fommm -
CCACTCCATACTTCTTACCTTTCGAAGGAATTTTCGAGTAAGTAACCCGCACAGACGGTA
NlaIII
NspI
SphI
Cac8I |
Cac8T | |
CvigI BslI | | ] NlaIV
Msel AciI BslI | CviRI | | | BanI |

l | | 11 | |

TTATGATTTTAACACCGCAACAGEGCTGACCCCCTATGCAGGCATGCGTGTTGGTGCCAA

AATACTAAAATTCTGGCGTTGTCCCCGACTGGGGCATACGTCCGTACGCACAACCACGGTT

DpnI
BglII |
BstYI |
Alul Bst4CI | ] Ccvidr
CcviJI  HincII | MboI | PsiI Bst4CI

| T S |

TCAGCTAARAGTTGACGGTCAAGATCTTTATAATAAGATTACACCAGACGGTAGGCTACA

AGTCGATTTTCAACTGCCAGTTCTAGAAATATTATTCTAATGTGGTCTGCCATCCGATGT

Bfal CviRI
SpeI| EcoRV BspMI | CviRI
| | || I

ACTAGTAAAAGATATCAAATCAAAGAAAAGCAACAAAGTCAGCGTGGGTGCAGTTGCAGG

TGATCATTTTCTATAGTTTAGTTTCTTTTCGTTGTTTCAGTCGCACCCACGTCAACGTCC
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BspMI

Cac8I

Alul |

cvidgr |

MspAlI | CviRI

PvuIl | |BstAPI |

CviRI Bsgl Msel SfaNT | MwoIl | DdelI

| l | | | | |

TGTGCAATACGCCTTTAATCCACAGCTGGCATTAGATGCAGGTGTAGAATATCACTACTT
601 -=-------- dmmmmmmmo T Hommm e Fmmm Fmmm e + 660
ACACGTTATGCGGAAATTAGGTGTCGACCGTAATCTACGTCCACATCTTATAGTGATGAR

M1lyTI
PleI| BbsI
HinfI MseI || MboII
| [ |
AGGTAAGATTGAGAGTCTTAAACTCAATCAATATGEGTGCCGAAAGTGGGTCTTCGCCATAR
661 -----—---- g Fomm e Fmmmm - o mm Fommmm - + 720
TCCATTCTAACTCTCAGAATTTGACGTTAGTTATACCACGCTTTCACCCAGAAGCEETATT

Fnu4HI Cacs8I

Tsp509T AluI| AluIl |

Dral | CvidI| CviJI |
BbvI| | Tsel| HindIIT | | Rsal
MseI| | CacsI || MseI | | | Csp6I |

l

I | 11 | 1]

CTTTTARAATTAGCAAGCTGCTGATTTTAAGCTTGCTAAAARACCCATCGGTACGATATA
721 —-mmmm--- Fmmmmmemom R e et Fmm - Fmm e + 780
GAAAATTTTAATCGTTCGACGACTAAAATTCGAACGATTTTTTGGGTAGCCATGCTATAT

Alul
CviJgI
Clal MspAlI
Tagl BsaBI PvulIl

I |

TCGATGGGTTTTTGTAAAAAGTGATAAAAATCAGCAAAACAGCTGAC

AGCTACCCAAAAACATTTTTCACTATTTTTAGTCGTTITGTCGACTG
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Figure 39.

Sequence of M. catarrhalis outer membrane

107/189

esterase gene designated MCA101806

aacgactaag gccaaaagtc ttcatactca aaatatcgcce

ggctcataca taccgcccectt tatcaatggce gattgcactg

atc gcc acc
Ile Ala Thr

cta act gac
Leu Thr Asp

tect tct gtt
Ser Ser Val
40

cca gtt tgg
Pro Val Trp
55

gce aat gat
Ala Asn Asp
70

gca aga act
Ala Arg Thr

acc att cct
Thr Ile Pro

tac ctg acc
Tyr Leu Thr
120

gtt tgg aca
Val Trp Thr
135

cag ttg caa
Gln Leu Gln
150

aat ttg gtt
Asn Leu Val

cce agt ctt
Pro Ser Leu

gcec
Ala

aca
Thr
25

ttt
Phe

tca
Ser

gga
Gly

aaa
Lys

tta
Leu
105

tta
Leu

ggt
Gly

gca
Ala

999
Gly

cct
Pro
185

caa
Gln
10

gga
Gly

aat
Asn

agc
Ser

aca
Thr

gaa
Glu
90

tkt
Phe

aat
Asn

gcc
Ala

gcc
Ala

cag
Gln
170

gat
Asp

gaa
Glu

cgc
Arg

caa
Gln

ata
Ile

acc
Thr
75

gat
Asp

acce
Thr

aat
Asn

aat
Asn

gaa
Glu
155

ctt

Leu

gtt
Val

ttt
Phe

ttg
Leu

gcc
Ala

ttg
Leu
60

tta
Leu

gtg
Val

atc
Ile

cat
His

gat
Asp
140

atc

Ile

999
Gly

ggc
Gly

agc
Ser

gtg
Val

caa
Gln
45

gca
Ala

act
Thr

gtc
Val

cca
Pro

caa
Gln
125

ttg

Leu

att
Ile

caa
Gln

gtc
Val

caa
Gln

cag
Gln
30

cca
Pro

aaa
Lys

ggt
Gly

aaa
Lys

tca
Ser
110

gcc
Ala

ttt
Phe

acc
Thr

gca
Ala

acg
Thr
190

acc
Thr
15

att
Ile

tcg
Ser

tct
Ser

aca
Thr

aat
Asn
95

gca
Ala

gac
Asp

gag
Glu

acce
Thr

ggt
Gly
175

cca
Pro

gta
Val

ggc
Gly

ttt
Phe

tat
Tyr

aac
Asn
80

gca
Ala

caa
Gln

ccc
Pro

gca
Ala

gct
Ala
160

gca

Ala

gaa
Glu

caaagaacgc tcaaagcggt

atg
Met
1

ttt
Phe

aaa
Lys

acg
Thr

gga
Gly
65

tat
Tyr

cct
Pro

acc
Thr

aaa
Lys

gee
Ala
145

gcc

Ala

aaa
Lys

tac
TyX

ggc
Gly

ttt
Phe

aac
Asn

acc
Thr
50

cat
His

gcc
Ala

gtt
Val

caa
Gln

gca
Ala
130

aaa

Lys

aat
Asn

cac
His

gcc
Ala

tta
Leu

ggt
Gly

agt
Ser
35

aat
Asn

acc
Thr

gtt
val

cct
Pro

atc
Ile
115

ttg
Leu

gca
Ala

gac
Asp

att
Ile

caa
Gln
195
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agc agc
Ser Ser
5

gat agc
Asp Ser
20

ctg gcg
Leu Ala

acc gat
Thr Asp

gce gat
Ala Asp

ggt ggt
Gly Gly
85

ttt tte
Phe Phe
100

aat cgc
Asn Arg

tat act
Tyr Thr

cca acc
Pro Thr

caa gcc
Gln Ala
165

tta gta
Leu val
180

gat ccg
Asp PxO

115

163

211

259

307

355

403

451

499

547

595

643

691



WO 02/18595

acc
Thr

tta
Leu

acc
Thr
230

ttt
Phe

tca
Ser

gct
Ala

acg
Thr

aac
Asn
310

agc
Ser

caa
Gln

cge
Arg

cga
Arg

tat
Tyr
390

ggt
Gly

aaa
Lys

tat
Tyxr
215

ttt
Phe

agt
Ser

tcg
Ser

aat
Asn

cat

His
295

caa
Gln

cag
Gln

teg
Ser

aat
Asn

cct
Pro
375

cat

His

ttg
Leu

tct
Ser
200

caa
Gln

gce
Ala

aat
Asn

tta
Leu

gaa
Glu
280

cge
Arg

atg
Met

caa
Gln

cta
Leu

aaa
Lys
360

aac

Asn

cta
Leu

tat
Tyr

gcc
Ala

agt
Ser

cta
Leu

gtg
Val

gca
Ala
265

act
Thr

att
Ile

ggt
Gly

caa
Gln

tgg
Trp
345

ata
Ile

cag
Gln

agc
Ser

cat
His

aca
Thr

tta
Leu

ctc
Leu

acc
Thr
250

tgt
Cys

tat
Tyr

ttg
Leu

caa
Gln

ttg
Leu
330

att
Ile

gac
Asp

cat
His

gat
Asp

cge
Arg
410

gca
Ala

aac
Asn

aaa
Lys
235

gaa
Glu

aaa
Lys

gcg
Ala

gca
Ala

cta
Leu
315

gta
val

gat
Asp

cgce
Arg

aca
Thr

tct
Ser
395

cat
His

tca
Ser

aac
Asn
220

gag
Glu

cct
Pro

cca
Pro

ttt
Phe

caa
Gln
300

cce
Pro

cgce
Arg

ggc
Gly

cect
Pro

999
Gly
380

ata

Ile

gat
Asp

ttg
Leu
205

caa
Gln

gcg
Ala

gct
Ala

agc
Ser

gct
Ala
285

tat
Tyr

cag
Gln

cgce
Arg

agce
Ser

acc
Thr
365

gca

Ala

acc
Thr

ttt
Phe
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tct
Ser

acc
Thr

gtt
Val

tgce
Cys

gac
Asp
270

gat
Asp

tat
Tyxr

cat
His

tta
Leu

atc
Ile
350

atce
Ile

tat
Tyr

gct
Ala

gat
Asp

gct
Ala

acc
Thr

agt
Ser

caa
Gln
255

tgg
Trp

aaa
Lys

cge
Arg

ctg
Leu

gac
Asp
335

agc
Ser

aaa
Lys

tta
Leu

gat
Asp

cac
His
415

cat
His

aat
Asn

aat
Asn
240

aac
Asn

caa
Gln

att
Ile

tect
Ser

att
Ile
320

agt
Ser

aat
Asn

ctt
Leu

acc
Thr

gte
val
400

tta
Leu

atc
Ile

gte
val
225

cca
Pro

cta
Leu

caa
Gln

cac
His

att
Ile
305

aaa
Lys

ctt
Leu

caa
Gln

gga
Gly

tac
Tyr
385

aaa

Lys

cgc
Arg

tac
Tyr
210

att
Ile

gca
Ala

gat
Asp

acc
Thr

cect
Pro
290

atc
Ile

cat
His

aac
Asn

tcg
Ser

ctt
Leu
370

caa
Gln

caa
Gln

atc
Ile

aac
Asn

gct
Ala

gga
Gly

gce
Ala

gct
Ala
275

tca
Ser

gat
Asp

ggt
Gly

aat
Asn

ctt
Leu
355

gat
Asp

caa
Gln

aca
Thr

agt
Ser
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caa act 739
Gln Thr
gcc aat 787
Ala Asn
ttt ggg 835
Phe Gly

245
aat tta 883
Asn Leu
260
gcg aat 931
Ala Asn
ggg cgt 979
Gly Arg
agc ccc 1027
Ser Pro
caa caa 1075
Gln Gln

325
cat caa 1123
His Gln
340
gat aca 1171
Asp Thr
att gca 1219
Ile Ala
caa gat 1267
Gln Asp
ggc att 1315
Gly Ile

405
gcec aac 1363
Ala Asn
420
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ctt ggg
Leu Gly

gac ggt
Asp Gly

tat gca
Tyr Ala
455

tat cgt
Tyr Arg
470

tte ttt
Phe Phe

cct gac
Pro Asp

gce atg
Ala Met

gag ttt
Glu Phe
535

cgt gat
Arg Asp
550

cac aca

His Thr

act cat
Thr His

aaa gtt
Lys Val

gtt
Val

gag
Glu
440

agt
Ser

cct
Pro

gaa
Glu

cat
His

aat
Asn
520

aaa
Lys

tat
TyTr

acg
Thr

ttg
Leu

ggt
Gly
600

gac
Asp
425

aat
Asn

gta
Val

tat
Tyr

aat
Asn

cag
Gln
505

gat
Asp

gac
Asp

cat
His

cac
His

aat
Asn
585

gga
Gly

cat

.His

cge
Arg

caa
Gln

gte
Val

caa
Gln
4390

tct
Ser

aaa
Lys

aat
Asn

cgc
Arg

gca
Ala
570

gct
Ala

ttt
Phe

tta
Leu

aac
Asn

ggc
Gly

ggt
Gly
475

cca
Pro

ttg
Leu

cta
Leu

aac
Asn

agc
Ser
555

cat

His

ggc
Gly

gtg
Val

agt
Ser

cat
His

agc
Ser
460

att
Ile

aat
Asn

caa
Gln

aac
Asn

aaa
Lys
540

ttt
Phe

tta
Leu

ata
Ile

ggt
Gly

aca
Thr

caa
Gln
445

tat
Tyr

cat
His

cta
Leu

gct
Ala

ctt
Leu
525

act
Thr

gtc
Val

ggt
Gly

caa
Gln

gca
Ala
605
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caa
Gln
430

gca
Ala

gga
Gly

gct
Ala

tca
Ser

gat
Asp
510

ttg
Leu

gtt
val

aca
Thr

gca
Ala

gcc
Ala
590

caa
Gln

agc
Ser

cat
His

ttt
Phe

caa
Gln

act
Thr
495

att
Ile

gca
Ala

gag
Glu

acc
Thr

aca
Thr
575

aat

Asn

atg
Met

tta
Leu

gce
Ala

acc
Thr

gat
Asp
480

gct
Ala

ggc
Gly

gga
Gly

aca
Thr

gtg
Vval
560

ctt

Leu

cac
His

gca
Ala

tttttgtgac agccattcat ttaaataaag acgataatct

ttttgtetge ttgtttttat caatgcaatg tgtcagegtt

cgc
Arg

aca
Thr

caa
Gln
465

atc
Ile

cta
Leu

gtt
val

ttg
Leu

gect
Ala
545

ccc

Pro

gct
Ala

caa
Gln

ttt
Phe

ctcategtet ttattgttat

caa
Gln

ggt
Gly
450

aac

Asn

aag
Lys

agt
Ser

aat
Asn

ggt
Gly
530
gta
val

ttt
Phe

ttg
Leu

gat
Asp

taa

610

PCT/CA01/01221
atc atg tgg 1411
Ile Met Trp
435
aag cgt cga 1459
Lys Arg Arg
aat gtt acc 1507
Asn Val Thr
cag aat cgce 1555
Gln Asn Arg

485

ttt aag ctg 1603
Phe Lys Leu

500
att gat tat 1651
Ile Asp Tyr
515
tat cag cat 1699
Tyr Gln His
tta tcc aac 1747
Leu Ser Asn
gat aaa aag 1795
Asp Lys Lys

565

ggt aat aac 1843
Gly Asn Asn

580
cat gat aca 1891
His Asp Thr
595
ccaatcaatt 1940

tatcattga

2000

2049
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Figure 40. Restriction enzyme analysis of the M. catarrhalis
outer membrane esterase gene designated MCA101806
BbsI
Cvidl
HaeIIl
MboII

DdeI | AcilI

| l

AACGACTAAGGCCAAAAGTCTTCATACTCAAAATATCGCCCAAAGAACGCTCAAAGCGGT
TTGCTGATTCCGGTTTTCAGAAGTATGAGTTTTATAGCGGGTTTCTTGCGAGTTTCGCCA

Fnu4HI

Msel |

Af1II] |

SmlI| |

CvidI| |Mwol |

CviJdI AciI CviRI TspRT || | TseI]
| I | R,

GGCTCATACATACCGCCCTTTATCAATGGCGATTGCACTGATGGGCTTAAGCAGCATCGC

CCGAGTATGTATGGCGGEGAAATAGTTACCGCTAACGTGACTACCCGAATTCGTCGTAGCG

AciT
BbvI ApoI
SfaNI Tsp5091 CviJI Bst4CI CviJIl HphI

CACCGCCCAAGAATTTAGCCAAACCGTATTTTTTGETGATAGCCTAACTGACACAGGACG

CviRI Bst4cI| |
Hgal | Hgal [ ] MgeI  CvidI

|| | ] I

CTTGGTGCAGATTGGCARAAACAGTCTGGCGTCTTCTGTTTTTAATCAAGCCCAACCATC

181 --------~ D L e fmmmmmmm o
GAACCACGTCTAACCGTTTTTGTCAGACCGCAGAAGACARAAATTAGTTCGGGTTCGTAG
BsrI
DpnI |
AlwI MboI | | SfaNI AciI

| 11 l l

GTTTACGACCAATACCGATCCAGTTTGGTCAAGCATATTGCGCAAAATCTTATGGACATAC

CAAATGCTGGTTATGGCTAGGTCAAACCAGTTCGTATAACCGTTTTAGRATACCTGTATG



WO 02/18595 PCT/CA01/01221

1117189
BsrI
Rsal
MseI Csp6I] CviRI

CGCCGATGCCAATGATGGAACAACCTTAACTGGTACAAACTATGCCGTTGGTGGTGCAAG

301 ~---==--- FUR N SO dmmmm e . dmmm - + 360

GCGGCTACGGTTACTACCTTGTTGGAATTGACCATGTTTGATACGGCAACCACCACGCTTC

MboII CviRI HphI FokI BstF5I

l l |

AACTAAAGAAGATGTGGTCAAAAATGCACCTGTTCCTTTTTTCACCATTCCTTTATTTAC

361 --~------ Fomm - +mmmm - dommmmm - Fomm - e itk + 420

TTGATTTCTTCTACACCAGTTTTTACGTGGACAAGGAAAAAAGTGGTAAGCGAAATAAATG

Msel CvidT

I I

CATCCCATCAGCACAAACCCAAATCAATCGCTACCTGACCTTAAATAATCATCAAGCCGA

421 ——-mme--- dmm - Hmmmmm e o mmm e Hmmmm e N + 480

GTAGGGETAGTCGTGTTTGGETTTAGTTAGCGATGGACTGGAATTTATTAGTAGTTCGGCT

Mwol

Bst4cCI cvidgr |
Bstz17I | NlaIv Fnu4HI |

AccI| | BanI | MnlT TseIl| | |

| | | | 11|

CCCCARAGCATTGTATACTGTTTGCGACAGGTGCCAATGATTTGTTTGAGGCAGCCARAGC

481 -----=--- Lt tmmm e fmmmmmmm e fmm e e + 540

GGGGTTTCEGTAACATATGACAAACCTGTCCACGGTTACTAAACAAACTCCGTCGGTTICG

Cvidl
Fnu4HI | Fnu4HI
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Fnud4HI || | BbvI cspeI| ||
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CCAACCCGTCGAACCCGTTCGTCCACGTTTTGTGTAAAATCATGGGTCAGAAGGACTACA



WO 02/18595 PCT/CA01/01221

112/189
MaeIIl DpnI
Tsp451 BstYI |
BsaHI | AlwI MboI | SfaNI

TGGCGTCACGCCAGAATACGCCCAAGATCCGACCAAATCTGCCACAGCATCATTGTCTGC
661 —--=----- o m e Fommmmem o R fommmmm e dommm - +
ACCGCAGTGCGGETCTTATGCGEGTTCTAGCGCTGGTTTAGACGGTETCGTAGTAACAGACG

Dral
Pmel Fnu4HI
MseI| BbvI  BsrDI Tsell

| l | |

TCATATCTACAACCAAACTTTATATCAAAGTTTAAACAACCAAACCACCAATGTCATTGC
721 —mmmmmmm- dmmmm - e 4o m e T e b +
AGTATAGATGTTGGTTTGAAATATAGTTTCAAATTTGTTGGTTTGGTGGTTACAGTAACG

MnlI AciT

TGCCAATACCTTTGCCCTACTCARAGAGGCEGCTTAGTAATCCAGCAGGATTTGGGTTTAG
781 --------- Fmmmm oo R e ataEE Fommmm oo Fommmmmm - i +
ACGGTTATGCAAACGGGATGAGTTTCTCCGCCAATCATTAGETCGTCCTARACCCAAATC

BspMI
MaeIIT SfaNTI NlaITT
Tsp451 Cac8I | Bfal Tsp5091 NspI

| | | | |

TAATGTGACCGAACCTGCTTGCCAAAACCTAGATGCCAATTTATCATCGTTAGCATGTAA

ATTACACTGGCTTGGACGAACCGGTTTTGCGATCTACGGTTAAATAGTAGCAATCGTACATT

Fnu4HI ApolI

MspALI| TSp5091

BbvI Tsel| Hphl |
BstXI|BsrI  Acil || MwoI BsmI Eco571 | |

[ | 11 | | |1

ACCAAGCGACTGGCAACAAACCGCTGCGAATGCTAATGAAACTTATGCGTTTGCTGATAA

TGGTTCGCTGACCETTGTTTGGCCGACGCTTACGATTACTTTGAATACGCAAACGACTATT

Rsal
Csp61 | Clar
BSiWI| | SfaNI SspI Tagl

[ | | I

AATTCACCCTTCAGGGCGTACGCATCGCATTTTGGCACAATATTATCGCTCTATTATCGA
TTAAGTGGGAAGTCCCCGCATGCGTAGCGTAAAACCGTGTTATAATAGCGAGATAATAGCT

SfaNI ~ HincII  Cac8I
Cvidl BstXI HincII AlwNI MseI| NlaIII | CviJI |

l l l ( | || | |

TAGCCCCAACCAAATGGGTCAACTACCCCAGCATCTGATTAAACATGGTCARCARAGCCA

ATCGGEETTGGTTTACCCAGTTGATGGEGTCATAGACTAATTTATACCAGTTGTTTCGGT
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200
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DdelI
AciI |
Fnu4HI |
MfeI Rsal | | Msel
Tsp509I Csp6I| | | Bstacr |

[ L T R

GCAACAATTGGTACGCCGCTTAGACAGTCTTAACAATCATCAACAATCGCTATGGATTGA

CETTGTTAACCATGCEGGCGAATCTGTCAGAATTGTTAGTAGTTGTTAGCGATACCTAACT

Fnu4HI BbvI
Tsel| MwoI SfaNI AciI

) | | I

TGGCAGCATCAGCAATCAATCGCTTGATACACGCAATAAAATAGACCGCCCTACCATCAA

ACCGTCETAGTCATTAGTTAGCGAACTATGTGCATTATTTTATCTGGCGGGATGGTAGTT

CviRI Msel

l

ACTTGGACTTGATATTGCACGACCTAACCAGCATACAGGGGCATATTTAACCTACCAACA

1201 --------- tommm oo oo
TGAACCTGAACTATAACGTGCTGGATTGGTCETATGTCCCCGTATARATTGCGATGGTTGT
HinflI MspAlI
BsaBI DdeI TE£il AciI |

l | | | |
ACAAGATTATCATCTAAGCGATTCTATAACCGCTGATGTCAAACAAACAGGCATTGGTTT

MslI | |

DpnI
BclI | BslI
MboI | BsaJI |
BsaBI| | styI |
NlaIizl || | TspRI | |
l l
| |

CATAGTAGCGGTACTAAAACTAGTGAATGCGTAGTCACGGTTGGAACCCCAACTGGTAAA

Alul
CvidI
HindIIT | HphI
Rsal | | BsmFI |
Csp6I| | | Hinfr | |
TatI]| | || NlaIII Bst4cI T£ir | |

I1] | | | | |

AAGTACACAAAGCTTACGCCAAATCATGTGEGACGGTGAGAATCGCAACCATCARGCACA

TTCATGTGTTTCGAATGCGGTTTAGTACACCCTGCCACTCTTAGCGTTGGTAGTTCGTGT
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Rsal AluI
Hgal Csp61I| cvigr
NlaIlI BSrGI|| Fnu4HI |
NspI TagI CviRI TatI|| TseI| | BbvI

\ | |11 I

TGCCACAGGTAAGCGTCGATATGCAAGTGTACAAGGCAGCTATGGATTTACCCAAAACAA

1441 —-----==- et R
ACGGTGTCCATTCGCAGCTATACGTTCACATGTTCCGTCGATACCTARATGGGTTTTGTT
XmnT
SmlI Hinfl |
MaeIIl BslI NlaIII| EcoRV TEIT |

| | | | |

TGTTACCTATCGTCCTTATGTCGGTATTCATGCTCAAGATATCAAGCAGAATCGCTTCTT

ACAATGGATAGCAGGAATACAGCCATAAGTACGAGTTCTATAGTTCGTCTTAGCGAAGAA

Fnu4HI
AluT|
CviJI |
Ddel Tsel|
BbvI | MseI || AhdI

| | |1l

TGAAAATCAACCAAATCTATCAACTGCTCTAAGTTTTAAGCTGCCTGACCATCAGTCTTT

ACTTTTAGTTGGTTTAGATAGTTGACGAGATTCAAAATTCGACGGACTGGTAGTCAGARA

AluT
Cvidl
Cac8I | SspI
CviRI | | MseI | NlaIII

| 1] |

GCRAGCTGATATTGGCGTTAATATTGATTATGCCATGAATGATARACTAAACCTTTTGGC

1621 ~=-=------ tommmmmm o
CGTTCGACTATAACCGCAATTATAACTAATACGGTACTTACTATTTGATTTGGAAAACCG
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MselI| Bst4CI MspAlI
NlaIII | BsmAI | PvuIl

|| |

AGGATTGGGTTATCAGCATGAGTTTAAAGACAATAACAAAACTGTTGAGACAGCTGTATT
TCCTAACCCAATAGTCGTACTCAAATTTCTGTTATTGTTTTGACAACTCTGTCGACATAA

MaeIIl
Tsp451 BseSI
Alul | Bspl12861
CvigI | BstacI |
Fnu4HI | | MslI | |
Bst4CI BsaBI Tsel]| | | BbvI | | |

ATCCAACCGTGATTATCATCGCAGCTTTGTCACAACCGTGCCCTTTGATAAARAGCACAC

TAGGTTGGCACTAATAGTAGCGTCGARACAGTGTTEGCACGGGARACTATTTTTCGTIGTG
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BstAPI
Cac8I CviRI | BsmI
Mwol | MslI |  MwoI MslI CacsI

| | I l l

AACGCACGCACATTTAGGTGCAACACTTGCTTTGGGTAATAACACTCATTTGAATGCTGG

TTGCGTEGCETGTAAATCCACGTTGTGAACGAAACCCATTATTGTGAGTAAACTTACGACC

BseSI

BsiHKAI

NlaIII Bspl2861

BSpHI | CviRI |

CvidI Dpnl | | Apall | |
HphI | MboI || | BaeI | |MwoI

| | LI | T

CATACAAGCCAATCACCAAGATCATGATACAAAAGTTGGTGGATTTGTGGGTGCACAAAT
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GTATGTTCGGTTAGTGETTCTAGTACTATGTTTTCAACCACCTAAACACCCACGTGTTTA
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Msel Tsp509I  Tsp45I Cvidl Msel |

I l | | |

GGCATTTTAACCAATCAATTTTTTTGTGACAGCCATTCATTTAAATAAAGACGATAATCT
1921 -------=- R Hmmmmm e e N R + 1980
CCGTAAAATTGGTTAGTTAAAAAAACACTGTCGGTAAGTAAATTTATTTCTGCTATTAGA

CviRI BsrDI
CTCATCGTCTTTATTGTTATTTTTGTCTGCTTGTTTTTATCAATGCAATGTGTCAGCGTT
1981 ==------- e e - - dmemmm— - o + 2040
GAGTAGCAGAAATAACAATAAAAACAGACGAACAADAATAGTTACGTTACACAGTCGCAA

TATCATTGA
2041 ~-------- 2049
ATAGTAACT
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PCT/CA01/01221

Sequence of M. catarrhalis pyridine nucleotide

transhydrogenase gene designated MCA101862

tctcaattta gecttgatcege ttaatggact taccaccaaa

ggatcgttge aaccaacaaa accatgatta aggattattt

aaa
Lys

caa
Gln

cat
His

cge
Arg

gtc
Val
70

aag
Lys

ggt
Gly

tct
Ser

aat
Asn

cgt
Arg
150

cgt
Arg

cat
His

acc
Thr

aca
Thr

cct
Pro

tce
Ser
55

att
Ile

tct
Ser

aat
Asn

gtt
val

aaa
Lys
135

gaa

Glu

aac
Asn

acg
Thr

acc
Thr

aaa
Lys

agt
Ser
40

aat
Asn

ggt
Gly

gg99
Gly

tgt
Cys

ttt
Phe
120

gat
Asp

gtt
val

caa
Gln

cta
Leu

caa
Gln

aaa
Lys
25

cte
Leu

aaa
Lys

gca
Ala

cat
His

gca
Ala
105

aat
Asn

agc
Ser

atc
Ile

att
Ile

gag
Glu
185

gat
Asp
10

tct
Ser

atc
Ile

aac
Asn

gge
Gly

cgt
Arg
90

cat
His

att
ITle

tat
Tyr

cgt
Arg

caa
Gln
170

gtg
Val

acce
Thr

caa
Gln

agt
Ser

aaa
Lys

cct
Pro
75

gtt
Val

gtt
Val

att
Ile

caa
Gln

cat
His
155
gtc
Val

tac
Tyr

gac
Asp

act
Thr

cct
Pro

ata
Ile
60

gct
Ala

gce
Ala

ggt
Gly

aac
Asn

gtt
val
140

cag
Gln

att
Ile

atc
Ile

cCa
Pro

ttt
Phe

tta
Leu
45

aag
Lys

ggt
Gly

gtc
Val

act
Thr

ttt
Phe
125

cca

Pro

gtc
Val

cat
His

aat
Asn

gtc
Val

gag
Glu
30

gat
Asp

cac
His

gaa
Glu

atc
Ile

att
Ile
110

cgce
Arg

cta
Leu

aat
Asn

ggt
Gly

gat
Asp
190

gcc
Ala
15

cat
His

ggt
Gly

aat
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307

355

403

451

499

547

595
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acc ttt
Thr Phe

gag att
Glu Ile
215

cta caa
Leu Gln
230

gte att
val Ile

gtt gat
Val Asp

gaa att
Glu Ile

att cgt
Ile Arg
295

gtg gta
val val
310

tta tgg
Leu Trp

gcg gtt
Ala Vval

acc tac
Thr Tyr

ggc tgg
Gly Trp
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gca ggg
Ala Gly
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cca act
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aat
Asn
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tta
Leu
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Met
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ttg
Leu

tct
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aac
Asn

tta
Leu

tgt
Cys
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235
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cta
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Ala
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cat
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gce
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gce
Ala
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agc
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380

gat
Asp

att
Ile

gcg
Ala
205
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Gly
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gtt
Val

cgc
Arg

aaa
Lys

att
Ile

cag
Gln
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gac
Asp
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aat
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cgt
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att
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ctt
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tet
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cgt
Arg
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Glu
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320

gat
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cag
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Ala

gac
Asp
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Glu
400

tca
Ser

cgt
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gac
Asp
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atc
Ile

ggt
Gly

agc
Ser

caa
Gln
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Thr
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agc
Ser

ctt
Leu

gtg
Val

caa
Gln
385

ttt
Phe

agc
Ser

cct
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tct
Ser

tat
Tyr

tta
Leu

tac
Tyr

ttt
Phe
290

cat
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gcc
Ala

cta
Leu

gaa
Glu

ggc
Gly
370

gg99
Gly

gtc
val
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Ile

tat
Tyr

gat
Asp

ggt
Gly

ggc
Gly

tta
Leu
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ggc
Gly
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gtg
Val
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gat
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cgt
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aat
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ggt
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PCT/CA01/01221
cge cct 739
Arg Pro
aaa atc 787
Lys Ile
gcet ggt 835
Ala Gly

245
tat gtg 883
Tyr Val
260
gat aaa 931
Asp Lys
gta cgc 979
Val Arg
gac tgc 1027
Asp Cys
gcg atc 1075
Ala Ile

325
cta gaa 1123
Leu Glu
340
gac aaa 1171
Asp Lys
gtc atc 1219
val Ile
aat gca 1267
Asn Ala
agc gtc 1315
Ser Vval

405
aaa act 1363
Lys Thr
420
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gaa gct
Glu Ala

ttt ttt
Phe Phe

gte tta
vVal Leu
455

cat tgc
His Cys
470

gtc atg
val Met

aat tat
Asn Tyr

atg aac
Met Asn

attaatcaaa ccaaaaatga ctgatgaata catcagctgt ttttggtttt aatcactttt

gag
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Lys
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ctg
Leu
425

cac
His

atc
Ile

ggt
Gly

tgt
Cys

acc
Thr
505

att
Ile

acc
Thr

ttg
Leu

cta
Leu

aac
Asn

ggt
Gly
490

atg
Met

ttt
Phe

gcc
Ala

gca
Ala

ttt
Phe

cat
His
475

cat
His

gca
Ala

tag

gaa
Glu

cgce
Arg

cac
His
460
gct
Ala

acg
Thr

gag
Glu

aaa
Lys

tca
Ser
445

cgt
Arg

tet
Ser

ctt
Leu

gcce
Ala

118/189

aca
Thr
430

cag
Gln

gaa
Glu

gaa
Glu

gaa
Glu

tat
Tyr
510

cct
Pro

att
Ile

aca
Thr

att
Ile

tat
Tyr
495

cgt
Arg

tat
Tyr

att
Ile

ctt
Leu

att
Ile
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ttt
Phe

gtt
vVal

gaa
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ggc
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dgag
Glu
465

cat
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atc
Ile

gct
Ala

gtt
Val

gag
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ctt

Leu
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aat
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Ala
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Gly
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cgt
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ctt
Leu
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Thr

tta
Leu
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cag gct 1411
Gln Ala
tca ggt 1459
Ser Gly
ggt atc 1507
Gly Ile
cag gca 1555
Gln Ala

485
aca ttt 1603
Thr Phe
500
aat ggg 1651
Asn Gly

ttggcatgtt ccataccaat taaactaaac

1699

1759

1769
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Figure 42. Restriction enzyme analysis of the M. catarrhalis

pyridine nucleotide transhydrogenase gene designated MCA101862
Dpnl
MboI |
Alul | |
Tsp509I CviJI | | Msel

l o

TCTCAATTTAGCTTGATCGCTTAATGGACTTACCACCAAAACGCACTCGCCAGACATTTA

AGAGTTAAATCGAACTAGCGAATTACCTGAATGCTGGTTTTGCGTGAGCGGTCTGTAAAT

DpnI Alwl Msel
MboI | CviRI NlaIII |

61

121

181

241

| | | | |

GGATCGTTGCAACCARCAAAACCATGATTAAGGATTATTTATGTCAARAARACCCAARAC

CCTAGCAACGTTGETTGTTTTGGTACTAATTCCTAATAAATACAGTTTTTTTIGGETTTTG
BmrI
BsrI| BsrBI
Tth111I| AciI |

| | 1

CACCCAAGATACCGACCCAGTCGCCTTGATTGAAACCGCTCCACAAACAAARAAATCTCA
GTGGCTTCTATGGCTGEGTCAGCCGGAACTAACTTTGGCCGAGGTGTTTGTTTTTTTAGAGT

FokI
N1aIII | DpnI
NspI  |MboI | BstF5I Bfal  BsmAl BslI

AACTTTTGAGCATGTAGAGAACGATCAAACCCATCCTAGTCTCATCAGTCCTTTAGATGG

TTGAAAACTCGTACATCTCTTGCTAGTTTGGGTAGGATCAGAGTAGTCAGGARATCTACC
SfaNI
DpnlI MslI|
MboI | AlwI Tsp509I ||

| | I | 1]

TCAGCGTGTGGGTTTGCGATCGCTCCAATARARACAAAATAAAGCACAATTATGAATATGA

AGTCGCACACCCARACCTAGCGACGTTATTTTTGTTTTATTTCGTGTTAATACTTATACT

BbvI
AlwNI CviRI
BstAPI HphI
Mwol FnudHI
CviJI CviJdI
HaeIlI Tsel
Eco01091 | BsgI |
Sau96I | Fnu4HI |
Cac8I| | Aciz| |
CviRT {}% MwoI || | BsrDI Ddel
R l

TGCCATCGTCATTGGTGCAGGCCCTECTGETGAAGCGGCTGCAATGARACTTGCTAAGTC

ACGGTAGCAGTAACCACGTCCGGGACGACCACTTCECCGACGTTACTTTGAACGATTCAG
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Tth111I
MaeIll
Tsp451 NlaIII
BstUI AFLIITI |
AciI BseSI
DpnI | BsiHKAT |
MboI | | Bspl286I |
clar| | | Pcii |
Alwr || | | Tsp509I CviRI | |
SfaNT |TaqT% % | BstXT |ApanI | |NspI
I l l LT
TGGEGCATCGTGTTGCCGTCATCGATCCGCGTGACCAAGTCGGTGGTAATTGTGCACATGT
361 --------- ittt Fmmmm e Rt mmmmmm o Femmmmmm oo + 420
ACCCGTAGCACAACGGCAGTAGCTAGGCGCACTGGTTCAGCCACCATTAACACGTGTACA
Rsal Sspl
Csp61I| Hgal BtsI TspRI MseI | Msel AlwI

| | l | |

TEGTACTATTCCAAGTAAGGCACTGCGTCAGTCTGTTTTTAATATTATTAACTTTCGCCG

421 —---mmme- e Hmmmm e it it S it + 480
ACCATGATAAGGTTCATTCCGTGACGCAGTCAGACAAAAATTATAATAATTGARAGCGGC
DpnI Dral Alur Msel
BstYI | Pmel BsaBI Af1II|
MbolI | MseT | Cvidl DdelI SmlI]

HinP1I |

Apol
Tsp509I

| | | | | ||

AGATCCTTTGTTTAAACAARATAAAGATAGCTATCAAGTTCCACTAAGTAAAGTCTTAAG
TCTAGGAAACARATTTGTTTTATTTCTATCGATAGTTCAAGGTGATTCATTTCAGAATTC

Alur
CviJz
BslI HindIII | MaeIIX

| | | | | |

TCGTGCGCETCAAGTTATCCGTCATCAGGTCAATACGCATAAGCTTTTTTATGAGCGTAA

BstUI
Hhal

AGCACGCGCACTTCAATAGGCAGTAGTCCAGTTATGCGTATTCGAAAAAATACTCGCATT

Rsal

Csp61I |

Bfal BsrGI| |

N1laIII  SfaNI CviRI MnlI |  TatI]|

| | l L] |11

CCAAATTCAAGTCATTCATGGTTGGEGGCAGTTTTATTGATGCACATACGCTAGAGGTGTA
GGTTTAAGTTCAGTAAGTACCAACCCCGTCAARATAACTACGTGTATGCGATCTCCACAT

AciI
BstAPI

DpnI
MwoI |

BelI | CvidI
MboI | NlaIV| MseI BsrDI | |

| | | | |1

CATCAATGATCAGGAGCCTACCAAAACCATTACCTTTAATCAGGCAATCATTGCGGTTGG

GTAGTTACTAGTCCTCGCGATGGTTTTGGTAATGGAAATTAGTCCAGTTAGTAACGCCAACC
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BstF5I

DpnI | MlyI

Hgal || Plel

MboI ||  BstUI |

BsaBI| ||AflIII | |
BseMII DdeI FokI TagI| || MluI | | HinfI
|

| I l | 1] l

|
|
TTCTCGTCCTTATCGCCCTGAGATTTTAGATTTCGATCATCCACGCGTCTTTGACTCTGA
721 —m--m---- fmmmmmmm - R dmmm s 4o bmmmm - + 780
AAGAGCAGGAATAGCGGGACTCTAAAATCTAAAGCTAGTAGGTGCGCAGRAACTGAGACT

AciI
BslI Cac8I Faul

TAAAATCCTACAAATGGATTATATTGCCCGCAARAATCATCATCTATGGTGCTGGTGTCAT
————————— B e T e T et M - L1 ¢

ATTTTAGCGATGTTTACCTAATATAACGGGCGTTTTAGTAGTAGATACCACGACCACAGTA

CvidT Asel
CvidI MnlI BplI | Msel

TGGCTGTGAGTATGCCTCTATTTTTACAGGTTTAGGCTATGTGGTTGATTTGATTAATAA

AluI NlaIrr |

CviJI Ddel ApolI Cvidl | |

DpnI | Alul | Tsp5091 DdeI | |
MbolI | | cvigr | SfaNI | CcviRI | | |

l
NN | | N
TAAAGATCAGCTTTTGAGCTACTTAGATAAAGAAATTTCTGATGCACTAAGCCATGACTT
————————— T e e e et e 11V

ATTTCTAGTCGAAAACTCGATGAATCTATTTCTTTAAAGACTACGTGATTCGGTACTGAA

MboII

MaeIIl DpnI |
] MboI | |
Rsal | | clar| | |
cspsr| | | TagI| | |

Tsp509I  BsiWI|| | | Hph || | |
|

| N Il

CCETCAATTTGGCGTACGCATTCGTAACCACGAAGAAATCGATCACCTTGAAACGCATGA
961 --------- s R et Fmmmmmmm ommm - o m oo + 1020
GGCAGTTAAACCGCATGCGTAAGCATTGETGCTTCTTTAGCTAGTGCGAACTTTGCGTACT

NlaIII

Hgal
DpnI |
MboI | |
Acit CviJI BstUI| E I
| |
TGACTGCGTGGTATTACATCTAAAAAGCGGTAAAAAAATCAAAéCCGACGCGATCTTATG
1021 --------- oo mmem Foemm o S e ommm o ommmmmm + 1080
ACTGACGCACCATAATGTAGATTTTTCGCCATTTTTTTAGTTTCGGCTGCGCTAGAATAC
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Aval
BsrBI
Acir |
Fnu4HI |
cvigr| |
HaeIII| | AciI
EaeT {{ { cvidT BfaT BslI| CviJgI AciTt
l H l |

GTGTAATGGCCGCTCCEGTAATACCGATAGCCTAAACCTAGAAGCGGTTGGGCTTACCGC

CACATTACCGGCGAGCCCATTATGGCTATCGGATTTGGATCTTCGCCAACCCGAATGGCG

Btgl
BsaJdl | Rsal
BstDSI |  Alul Csp61I|
cvigi| | cvigz Bst4cCI| | MslI

|l 1 | |1

ADATAGCCGTGGTCAGCTTGAAGTGGACAAAACCTACCGTACCAGCATACCACATATTTA

1141 --------- it N
TTTATCGGCACCAGTCGAACTTCACCTGTTTTGGATGGCATGGTCGTATGGTGTATAAAT
CvidgIl
HaeIIl
Mscl Cvidr
Cac8I | Fnu4HI | BbvI
. EaeI | MwoI| |  BsaJI]
cvidr | | CvidI TseI| | StyI|

I 1] | Il |

TGCTGTGEECCATGTCATCCECTEGCCATCATTGGCTTCEGECAGCCTACGACCAAGGGCG

ACGACACCCGCTACAGTAGCCGACCGGTAGTAACCGAAGCCGTCGGATGCTGGTTCCCGC

MboII
Hgal|
Fnu4HI BseMII BsmFI ||
CviRI| SfaNI | DdeI | ||

TseI]| BbvI | | HphI| | ||

| | | 1T

TAATGCAGCAGGGTTTATGGTAGETGATGAAGATGCTGACGTTTGTCAATAGCGTCCCAAC

1261 —----~---
ATTACGTCGTCCCAAATACCATCCACTACTTCTACGACTCAAACAGTTATCGCAGGGTTG
Alul
CvidI
BlpI |
DdeI |
AluI] |
BsrI SmlI BseMII  CviJI| | Aciz

| I | N .

TGECATTTATACCATTCCTGAAATCTCAAGCATTGGTAAAACTGARGCTGAGCTGACCGC

ACCGTAAATATGGTAAGGACTTTAGAGTTCGTAACCATTTTGACTTCGACTCGACTGGCG
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cvigr
Eco571 Cac8I | Msel Cac8I

| | | l

CGAAAARACACCTTATGAAGTTGGGCAGGCTTTTTTTAAGCACTTGGCACGCTCACAGAT
1381 --------- Fomm e dmmmmmem - dmmmmmmm o T Fommm e +
GCTTTTTTGTGGAATACTTCAACCCGTCCGAAAAAAATTCGTGAACCGTGCCGAGTGTCTA

AluIl

Cvigx

Cac8I MseI HphI Bst4CI SmlI |
TATTGGCGAGCGTTCAGGTGTCTTAAAAATCCTATTTCACCGTGAAACACTTGAGCTTCT

1441 --------- S Tl oo R e R e Fommmmm o +
ATAACCGCTCGCAAGTCCACAGAATTTTTAGGATAAAGTGGCACTTTGTGAACTCGAAGA

BsStEITI
MaeIIl
BcivI | XmnI
BstXI | TSp509T |
BsrDI MslI | | NlaIIl | Cac8I BspHI

ol l | b

TGGTATCCATTGCTATGGTAACCATGCTTCTGAAATTATTCATATTGGGCAGGCAGTCAT
1501 -=------- S T Fommmmmm Hommmmmm o Fommmmm— - Hmmmmmm oo +
ACCATAGGTAACGATACCATTCGGTACGAAGACTTTAATARGTATAACCCGETCCGTCAGTA

NlaIII

BtgI

MnlI|

BsaJI| |

BstDSI| |

Tsp5091 NeolI] |

NlaIIT Sspl Msel | styI]| |

| | | [1]

GAAATGTGGTCATACGCTTGAATATTTTATCAATACCACATTTAATTATCCAACCATGGC

CTTTACACCAGTATGCGAACTTATAAAATAGTTATGGTGTAAATTAATAGGTTGGTACCG

CvidI
Haelll Apol
Stul Fnu4HI BslI Tsp5091 NlaIII
BbvI | TseI| MseI | BstF5I |FokI NspI

| I I l

AGAGGCCTATCGTGTTGCTGCCTTAAATGGGATGAACCGAATTTTTTAGTTGGCATGTTC

TCTCCGGATAGCACAACGACGGAATTTACCCTACTTGGCTTAAAAAATCAACCGTACAAG

Alul

CvidI

Msel Asel MspAlI
Tsp5091 | Msel PvuIl

I | I

CATACCAATTAAACTAAACATTAATCAAACCAARAATGACTGATGAATACATCAGCTGTT

GTATGGTTAATTTGATTTGTAATTAGTTTGGTTTTTACTCACTACTTATGTAGTCGACAA

1440

1500

1560

1620

1680

1740
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Msel
TTTGGTTTTAATCACTTTTTATTTGATTG

AAACCAAAATTAGTGAAAAATAAACTAAC
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Figure 43. Sequence of M. catarrhalis gene encoding a

lipoprotein shown in SEQ ID NOs: 43 & 44 designated MCA101896

tgctttaata tcttttatge tttaatagat aagtttttat agctttttte aatacttaag 60

cgatttttga acatataatt ttattttgta aggtcatttt atg aat ttt ggt aaa 115
Met Asn Phe Gly Lys
1 5

att ttt ggt att tgt gca ctg geca tct ggc atc geca ttg gca gge tge 163
Ile Phe Gly Ile Cys Ala Leu Ala Ser Gly Ile Ala Leu Ala Gly Cys
10 15 20

agc aat caa tca aac gaa cca gct gcc ata tet gat aca gct gca cag 211
Ser Asn Gln Ser Asn Glu Pro Ala Ala Ile Ser Asp Thr Ala Ala Gln
25 30 35

act atc aag gtt ggc gtc atg gca ggt cct gag caa gct gtg gca gag 259
Thr Ile Lys Val Gly Val Met Ala Gly Pro Glu Gln Ala Val Ala Glu

gta gca ggt caa gtc gcc aaa gaa aaa tac aac ctg acc gtt gaa ttg 307
Val Ala Gly Gln Val Ala Lys Glu Lys Tyr Asn Leu Thr Val Glu Leu
55 60 65

gtt gag ttt aat gac tat gcc atg cca aac tca gcc gtc tca aaa ggt 355
Val Glu Phe Asn Asp Tyr Ala Met Pro Asn Ser Ala Val Ser Lys Gly
70 75 80 85

gaa ctt gac gcc aat gcc atg cag cac aaa ccc tat ctt gaa aaa gac 403
Glu Leu Asp Ala Asn Ala Met Gln His Lys Pro Tyr Leu Glu Lys Asp
90 95 100

agc caa gaa aaa ggc cta aat aac ttg gtc atc gtc ggc aac acc ttt 451
Ser Gln Glu Lys Gly Leu Asn Asn Leu Val Ile Val Gly Asn Thr Phe
105 110 115

gta tac cca ttg gca ggt tat tca acc aaa atc aag aca tta aat gag 499
Val Tyr Pro Leu Ala Gly Tyr Ser Thr Lys Ile Lys Thr Leu Asn Glu
120 125 130

cta aaa gat ggt gca acc atc gcc gtt cca aat gat ccc tca aac tta 547
Leu Lys Asp Gly Ala Thr Ile Ala Val Pro Asn Asp Pro Ser Asn Leu
135 140 145

gct cgt gca tta att tta ctt gaa aaa caa ggc tta att aaa tta aaa 595
Ala Arg Ala Leu Ile Leu Leu Glu Lys Gln Gly Leu Ile Lys Leu Lys
150 155 160 165

gac aac acc aac cta ttc tca acc aca ctt gat atc gta gaa aat cca 643
Asp Asn Thr Asn Leu Phe Ser Thr Thr Leu Asp Ile Val Glu Asn Pro
170 175 180

aaa aaa ttg gtc atc aaa gaa gtg gat acc tca gtt gct gect cgt gea 691
Lys Lys Leu Val Ile Lys Glu Val Asp Thr Ser Val Ala Ala Arg Ala
185 190 195
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att gac gat
Ile Asp Asp
200

gta ggt tta
Val Gly Leu
215

tcg cet tat
Ser Pro Tyr
230

aag dgcc atc
Lys Ala Ile

gct gaa gcc
Ala Glu Ala

gtg
Val

aca
Thr

gtc
vVal

caa
Gln

aaa
Lys
265

gac
Asp

gcce
Ala

aat
Asn

gac
Asp
250

aag
Lys

ttg
Leu

agt
Ser

atc
Ile
235

ttt
Phe

caa
Gln

gca
Ala

gaa
Glu
220

atc

Ile

gtg
Val

ttt
Phe

gtg
val
205

aat

Asn

gtc
Val

aaa
Lys

aaa
Lys
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gta
Val

ggc
Gly

gct
Ala

gce
Ala

gat
Asp
270

aat
Asn

gtt
Val

cgt
Arg

tat
Tyr
255

ggt
Gly

aac
Asn

ttt
Phe

gct
Ala
240

caa

Gln

gtt
Val

tctgaccgat ctgaccataa aaatcctcca accgttggag

agccatactt taacgcttag tatcttgaac tgcattacgce

aac
Asn

gtt
val
225

gac

Asp

acc
Thr

atc
Ile

gatttttatt gaaccatcaa

tat
Tyr
210

gaa
Glu

aat
Asn

gat
Asp

aaa
Lys

PCT/CA01/01221
gca ggt caa 739
Ala Gly Gln
gat aaa gac 787
Asp Lys Asp
aaa gac tct 835
Lys Asp Ser
245
gaa gtg gaa 883
Glu Vval Glu
260
ggc tgg taa 931
Gly Trp

275

tcatcaattt

991

1041
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Figure 44. Restriction enzyme analysis of the M. catarrhalis

gene encoding a lipoprotein shown in SEQ ID NO: 43 designated

MCA101896
Msel
Alul Af1II|
Msel CvidI SmlT |

Msel
l |

TGCTTTAATATCTTTTATGCTTTAATAGATAAGTTTTTATAGCTTTTTTCAATACTTAAG

1 - Fommmm -
ACGAAATTATAGAAAATACGABRATTATCTATTCAAAAATATCGAAAAAAGTTATGAATTC
Apol Apol
Tsp5091 Tsp5091 Tsp509T

} l

CGATTTTTGAACATATAATTTTATTTTGTAAGGTCATTTTATGAATTTTGGTAAAATTTT

GCTAAAAACTTGTATATTAAAATAAARACATTCCAGTAAAATACTTAAAACCATTTTAAAA

Bcgl
PstI
Fnu4HI
CviRI
Tsel
Fnu4HI
BseSI SfcI
BsiHKAT CviJI|
Bspl2861 Tsel|
CviRI | BsrI BbvI Cac8I || BbvI
ApalI | |TspRI  SfaNI SfaNI | || BbvI |
| 1] | | |1 | |

TGETATTTGTGCACTGGCATCTGECATCGCATTGECAGCGCTGCAGCAATCAATCAARCGA

121 ~-------- Rt Fomm Hmmmmmmm o et tmmmmm o + 180

ACCATAAACACGTGACCGTAGACCEGTAGCGTAACCGTCCGACGTCEGTTAGTTAGTTTGCT

BpullI

BbvI DdeI

Bsgl CviRI AlwNT |
Fnu4HI Fnu4HI AvaIl
AluI] Alul| Eco0109I
CviJI| CvidI | PpuMI
MspAllI | MspA1ll | Sau96I
PvulI| Pvull| BsaHI N1laIII |
TseT] TseI| Hgal BspMI |BseMII| |
| | l | I

ACCAGCTGCCATATCTGATACAGCTGCACAGACTATCAAGETTGGCGTCATGGCAGGTCC

TGGTCGACGGTATAGACTATGTCGACGTECTCTGATAGTTCCAACCGCAGTACCGTCCAGG
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MwolI Bst4CI

LIl | l

ACTCGTTCGACACCGTCTCCATCGTCCAGTTCAGCGGTTTCTTTTTATGTTGGACTGGCA

BseMII
CviJI  BsmAI |
Tsp509T Msel Nl1aIII DdeI |  BswBI |

| | |1 | |

TGAATTGGTTGAGTTTAATGACTATGCCATGCCAAACTCAGCCGTCTCAAAAGGTGAACT

ACTTAACCAACTCAAATTACTGATACGGTACGGTTTGAGTCGGCAGAGTTTTCCACTTGA

Fnu4HI
CviRI| CviJdz
HphI N1laIII| HaeIIl
BsaHI | Hgal TselIl BbvI CvidI Stul

I . | \ \

TGACGCCAATGCCATGCAGCACAAACCCTATCTTGAAAAAGACAGCCAAGAARAAGGCCT
ACTGCGGTTACGGTACGTCCTGTTTEGGCATAGAACTTTTTCTGTCGGTTCTTTTTCCGGA

BspMI
BstZ17I|
AccI] | BslI

11 |

AAATAACTTGGTCATCGTCGGCAACACCTTTGTATACCCATTGGCAGGTTATTCAACCAA
TTTATTGAACCAGTAGCAGCCETTGTGGAAACATATGGGTAACCGTCCAATAAGTTGGTT
AluIl DpnI
Msel  CviJI CviRI MwolI AlwI MboI |

AATCAAGACATTAAATGAGCTAAAAGATGGTGCAACCATCGCCGTTCCAAATGATCCCTC

TTAGTTCTGTAATTTACTCGATTTTCTACCACGTTGGTAGCGGCAAGGTTTACTAGGGAG

Msel

Tsp5091

BssSI Msel |
AluI| Tsp509I PacI |
CvidI| AselI | Tsp509T | |
MnlI|| Msel | MseI| | |
Ddel |||cviRI || cvigr || | |
|11 |l A

AAACTTAGCTCGTGCATTAATTTTACTTGAAAAACAAGGCTTAATTAAATTAARAGACAA

TTTGAATCGAGCACGTAATTAAAATGAACTTTTTGTTCCGAATTAATTTAATTTTCTGTT
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EcORV Tsp5091

l

CACCAACCTATTCTCAACCACACTTGATATCGTAGAAAATCCAAAAAAATTGGTCATCAA

GTGGTTGGATAAGAGTTGGTGTGAACTATAGCATCTTTTAGGTTTTTTTAACCAGTAGTT

Bael
Mfel
Tsp5091
CviRI
BseMII
MwoI
BssSI |
MnlI | |
Fnu4HI| | |
AlwNI|]| | | BtsI
BcivI  BbvI DdeT TseT]] ] TspRI
| | 1] |

AGAAGTGGATACCTCAGTTGCTGCTCGTGCAATTGACGATGTGGACTTGGCAGTGGTAAA
TCTTCACCTATGGAGTCAACGACGAGCACGTTAACTGCTACACCTGAACCGTCACCATTT

BsrI MlyI
BspMI CviRI MseI CviJI| TspRI Plel

I | | ) | l

TAACAACTATGCAGGTCAAGTAGGTTTAACAGCCAGTGAAAATGGCGTTTTTGTTGAAGA

ATTGTTGATACGTCCAGTTCATCCARATTGTCGGTCACTTTTACCGCARAAACAACTTCT

HinfI BsStF5I

FokI | CviJdI|

MboIl MlyI | | HaeIII|
HinfIl | BssSI PleI | |DdeI |

I T

TAAAGACTCGCCTTATGTCAATATCATCGTCGCTCCGTGCTGACAATAAAGACTCTARGGC

781 —-mmmmm e dmm e R R Fom e o + 840

ATTTCTGAGCCGGAATACAGTTATAGTAGCAGCGAGCACGACTGTTATTTCTGAGATTCCG

Alul
CvidI CviJI CviJI Tsp509I

I | | I

CATCCAAGACTTTGTGAAAGCCTATCAAACCGATGAAGTGGAAGCTGAAGCCAAAAAGCA

841 --------- Lt R fomme s fmmmm s e + 900

GTAGGTTCTGAAACACTTTCGGATAGTTTGGCTACTTCACCTTCGACTTCGGTTTTTCGT

Eco57I
Dral | DpnI
MseI| | Cvidr MboI |

I ] l ||

ATTTAAAGATGGTGTTATCAAAGGCTGGTAATCTGACCGATCTGACCATAAAAATCCTCC

TAAATTTCTACCACAATAGTTTCCGACCATTACACTGGCTAGACTGGTATTTTTAGGAGG
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MnlI
BslI|
PEIMI |
Bst4cCI| |
MnlIl ||| CviJI MseI Ddel
| 111 I | l
AACCGTTGGAGGATTTTTATTGAACCATCAAAGCCATACTTTAACGCTTAGTATCTTGAA
--------- e e e mm o m e e oo g o — oo - -4 1020

961
TTGGCAACCTCCTARARATAACTTGGTAGTTTCGGTATGAAATTGCGAATCATAGARACTT

CviRI Tsp5091
CTGCATTACGCTCATCAATTT
1021 ---==---= fmmmm - +- 1041

GACGTAATGCGAGTAGTTARA
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Figure 45. Sequence of M. catarrhalis HecB gene designated

MCA101915
gtaagtataa atattttctg atatgatgac aacatctttc tataatgtta caaaaatatt 60

gcttectatg tcactcataa gtcaaggaca ggacaaaccc atg cgt ttt ata cct 115
Met Arg Phe Ile Pro
1 5

ttt gect gta act ctt tta tet ttt act gge tcec tce ate ttt tet gtg 163
Phe Ala Val Thr Leu Leu Ser Phe Thr Gly Ser Ser Ile Phe Ser Val
10 15 20

gce aaa get cag att gca ceca gac cca acc aaa gca aat ctt tect gea 211
Ala Lys Ala Gln Ile Ala Pro Asp Pro Thr Lys Ala Asn Leu Ser Ala
25 30 35

ata acc gat gat cgt cgt cag gecg get ctt geca cat tta gca aga caa 259
Ile Thr Asp Asp Arg Arg Gln Ala Ala Leu Ala His Leu Ala Arg Gln
40 45 50

gat ttg gca gca aca gat gac gac atg ggt gtc gat atc aat caa acc 307
Asp Leu Ala Ala Thr Asp Asp Asp Met Gly Val Asp Ile Asn Gln Thr
55 60 65

aat atc aac cag cca aat tgg caa gat gac aag aat ggc gat tca tgt 355
Asn Ile Asn Gln Pro Asn Trp Gln Asp Asp Lys Asn Gly Asp Ser Cys
70 75 80 85

ttt ttg gtt gat gag att gac ttt gtg att gag ggt gga gaa gat aaa 403
Phe Leu Val Asp Glu Ile Asp Phe Val Ile Glu Gly Gly Glu Asp Lys
90 95 100

cat att cta ggt atg acg ccg agc aat tta cgc agc ttg cta tcg ccce 451
His Ile Leu Gly Met Thr Pro Ser Asn Leu Arg Ser Leu Leu Ser Pro
105 110 115

ctg ttg gac cgg aca aag cca aca tat gct ctt aat cac tge atc aac 499
Leu Leu Asp Arg Thr Lys Pro Thr Tyr Ala Leu Asn His Cys Ile Asn
120 125 130

aat cac aac cta tct tta att gta gat att gcec cat aat gaa tta cta 547
Asn His Asn Leu Ser Leu Ile Val Asp Ile Ala His Asn Glu Leu Leu
135 140 145

aag cgt ggt tat tta act agc agt att agc att gaa gag cag gat tta 595
Lys Arg Gly Tyr Leu Thr Ser Ser Ile Ser Ile Glu Glu Gln Asp Leu
150 155 160 165

tca act aaa aaa ctc act tta aca gtc cat gct ggc aag gtg aaa aag 643
Ser Thr Lys Lys Leu Thr Leu Thr Val His Ala Gly Lys Val Lys Lys
170 175 180

gtg ata ttg gcc gat gct agc aaa acg cca act tat gtc aaa gcc gee 691
Val Ile Leu Ala Asp Ala Ser Lys Thr Pro Thr Tyr Val Lys Ala Ala
185 190 195
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att
Ile

ggt
Gly

ata
Ile
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aca
Thr

agc
Ser

ggc
Gly

ctt
Leu

att
Ile
310

cag
Gln

ttt
Phe

ctt
Leu

gga
Gly

tat
Tyr
390

aat
Asn

cct
Pro

cta
Leu
215

cca
Pro

aac
Asn

get
Ala

aat
Asn

aac
Asn
295

gac
Asp

gtt
Val

tct
Ser

cat
His

ttg
Leu
375

ata

Ile

ctt
Leu

ctt
Leu
200

gat
Asp

agc
Ser

ctt
Leu

gta
Val

tat
Tyr
280

gat
Asp

gct
Ala

aat
Asn

gcce
Ala

gcg
Ala
360

tct

Ser

aag
Lys

gaa
Glu

aag
Lys

aat
Asn

agc
Ser

ggt
Gly

ttt
Phe
265

ctg
Leu

gaa
Glu

gcc
Ala

tat
Tyx

aca
Thr
345

ccc

Pro

cgt
Arg

gtt
Val

gtg
Val

tte
Phe

tta
Leu

tce
Ser

ttt
Phe
250

ggc
Gly

att
Ile

tgg
Trp

caa
Gln

cac
His
330

cac
His

ttg
Leu

tta
Leu

aat
Asn

caa
Gln
410

aat
Asn

aaa
Lys

agt
Ser
235

agt
Ser

att
Ile

tct
Ser

aat
Asn

aat
Asn
315

gect
Ala

agc
Ser

act
Thr

ttg
Leu

cac
His
395

aac
Asn

caa
Gln

cge
Arg
220

aat
Asn

gat
Asp

aat
Asn

gct
Ala

ctt
Leu
300

gat
Asp

tce
Sexr

cac
His

tat
Tyr

cac
His
380
aaa

Lys

cgce
Arg

gcc
Ala
205

atc
Ile

gtc
Val

tta
Leu

att
Ile

aat
Asn
285

tct
Ser

ctt
Leu

ttg
Leu

cac
His

cat
His
365
cgt
Arg

cga
Arg

cgc
Arg
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ttt
Phe

gat
Asp

gcc
Ala

ctc
Leu

gat
Asp
270

gtt
Val

gcc
Ala

999
Gly

act
Thr

caa
Gln
350

ggc
Gly

gat
Asp

agce
Ser

aca
Thr

cgt
Arg

cca
Pro

aat
Asn

att
Ile
255

aac
Asn

cgt
Arg

aac
Asn

gtt
Val

att
Ile
335

tac
Tyr

acc
Thr

ggc
Gly

agt
Sex

aca
Thr
415

ctg
Leu

acg
Thr

gat
Asp
240

agg
Arg

agt
Ser

gct
Ala

tat
Tyr

cag
Gln
320

cct
Pro

cag
Gln

agc
Ser

aat
Asn

aat
Asn
400

gga
Gly

tca
Ser

gca
Ala
225

att
Ile

atg
Met

tta
Leu

aac
Asn

cca
Pro
305

gtg
Val

tat
TyY

caa
Gln

aag
Lys

caa
Gln
385

tat
Tyr

tat
Tyr

tat
Tyr
210

acc
Thr

gac
Asp

gac
Asp

tcec
Ser

aac
Asn
290

ttg
Leu

ggc
Gly

gga
Gly

ttt
Phe

aca
Thr
370

aag

Lys

att
Ile

aac
Asn

tta
Leu

gtg
Val

att
Ile

cge
Arg

aaa
Lys
275

cte
Leu

gcg
Ala

aag
Lys

ttg
Leu

ctt
Leu
355

age

Ser

act
Thr

gat
Asp

att
Ile
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gaa caa 739
Glu Gln
cag att 787
Gln Ile
aac acc 835
Asn Thr

245
agt caa 883
Ser Gln
260
gat tat 931
Asp Tyr
atg cat 979
Met His
cgc ctg 1027
Arg Leu
gat agg 1075
Asp Arg

325
tat aaa 1123
Tyr Lys
340
gaa ggg 1171
Glu Gly
tca att 1219
Ser Ile
gaa ggt 1267
Glu Gly
gat gtt 1315
Asp Val

405
ggc atc 1363
Gly Tle
420
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Thr

gat
Asp

gag
Glu

gca
Ala
470

gtg
Val

gca
Ala

tta
Leu

tat
Tyr

tta
Leu
550

ttg
Leu
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Ala
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Thr
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Tyr

ggc
Gly
630

cat
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Tyr
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His
455

aaa
Lys
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Leu
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caa
Gln

ttg
Leu
535
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Ser
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cag
Gln

ctt
Leu

tat
Tyr
615

ttg
Leu
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Gln

aag
Lys
440
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Ala
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Lys

gce
Ala
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ggt
Gly
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Gly
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Leu
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Gly

gaa
Glu
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Gln
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cat
His

gga
Gly

gat
Asp
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Ile
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Tyr
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Arg

cat
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aat
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570

gca
Ala

caa
Gln

ggc
Gly

ttc
Phe

ctt
Leu

aca
Thr

gct
Ala

tgg
Trp
475

aat
Asn

tac
Tyr

gece
Ala

tat
Tyr

ggc
Gly
555

ctt
Leu

agt
Ser

cge
Arg

agt
Ser

aaa
Lys
635

cac
His

999
Gly

ttt
Phe
460

tca
Ser

gat
Asp

aca
Thr

aaa
Lys

agce
Ser
540

ttt
Phe

aat
Asn

att
Ile

cat
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Gln
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gaa
Glu

caa
Gln
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Ala
445

999
Gly

cta
Leu
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Thr

tce
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caa
Gln
525

att
Tle

agce
Ser

cag
Gln

gat
Asp

atc
Ile
605

gat
Asp

tca
Ser
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ggt
Gly
430

cta
Leu

cga
Arg

tac
Ty

gaa
Glu

att
Ile
510

ctt
Leu

aaa
Lys

cta
Leu

cac
His

caa
Gln
590

ttg

Leu
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Pro
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Asn

ggt
Gly
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Lys

caa
Gln
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Thr

caa
Gln
495

cct
Pro

cct
Pro
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Gly
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ttt
Phe
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ggc
Gly

gct
Ala
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Arg

act
Thr

tat
Tyr
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Ala

cta
Leu

agt
Ser
480

gcg
Ala

ctc
Leu

gta
Val

att
Ile

caa
Gln
560

agt
Ser

tat
Tyr

gga
Gly

att
Ile

tat
Tyxr
640

ttg
Leu

aag
Lys

ccc
Pro
465

ttc
Phe

caa
Gln

act
Thr
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Pro

aaa
Lys
545

gaa
Glu
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Thr

gce
Ala

gcg
Ala

caa
Gln
625

cta
Leu

tat
Tyr

cct
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450

agt
Ser

caa
Gln
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tat
Tyr

tct
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530

gag
Glu

ctt
Leu

aat
Asn

tat
Tyr

gtt
Val
610

gaa
Glu

aat
Asn

gce
Ala
435

gca
Ala

gag
Glu

aag
Lys

aaa
Lys

act
Thr
515
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Asp

gga
Gly

gct
Ala

gca
Ala

gga
Gly
595

ggt
Gly

aca
Thxr

aac
Asn
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aac
Asn

cct
Pro

ggt
Gly

cca
Pro

gca
Ala
500

gct
Ala

tta
Leu

aat
Asn

tag
Trp

aac
Asn
580

aaa

Lys

atg
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caa
Gln
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Thr

ttg
Leu

gaa
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ttt
Phe

ttt
Phe
485
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Thr
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Arg
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Phe

tat
TyTr
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Gln
565
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Asn
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1411

1459

1507

1555

1603

1651

1699

1747

1795

1843

1891

1939

1987

2035
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acc
Thr

gaa
Glu

ttt
Phe
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aca gct cat ttg gat ata ttc att gga aaa gga att
Thr Ala His Leu Asp Ile Phe Ile Gly Lys Gly Ile
650 655

ttt atg aag aaa gaa acc gtc gtg ggt gtg agt gcc
Phe Met Lys Lys Glu Thr Val Val Gly Val Ser Ala
665 670

taa gtcatattat tttttgtaat ggagtggaag atgactcact

PCT/CA01/01221

aag acg cct
Lys Thr Pro
660

agc att gag
Ser Ile Glu
675

ttgcattatc

taagtgagtc attaaggctt cttcgataat gacgcgcatc ggtacgccat

2083

2131

2187

2237
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Figure 46. Restriction enzyme analysis of the M. catarrhalis

HecB gene designated MCA101915
SspI MaeIIT SspI

l

GTAAGTATAAATATTTTCTGATATGATGACAACATCTTTCTATAATGTTACAAARATATT
CATTCATATTTATAAAAGACTATACTACTGTTGTAGAAAGATATTACAATCTTTITATAA

MaeIII
Tsp45I NlaITII

| |

GCTTCCTATGTCACTCATAAGTCAAGGACAGGACAAACCCATGCGTTTTATACCTTTTGC

CGAAGGATACAGTGAGTATTCAGTTCCTGTCCTGTTTGGGTACGCAAAATATGGAAAACG

CviJI
BsrI HaeIll DdeI
Nlalv MnlI MscI Alul| CviRI
MaeIIl BseRI  CviJI| XcmI Eael | CviJI| MwoI |

| | I || /1 | |

TGTAACTCTTTTATCTTTTACTGGCTCCTCCATCTTTTCTGTGGCCAAAGCTCAGATTGC

ACATTGAGAAAATAGAAAATGACCGAGGAGGTAGAAAAGACACCGGTTTCGAGTCTAACG

MwoI
CvidI |
DpnI Fnu4HI | |
BseMII CviRI MboI | Acit| |

l } | | 111

ACCAGACCCAACCAAAGCAAATCTTTCTGCAATAACCGATGATCGTCGTCAGGCGGCTCT
TGGTCTGCETTGETTTCGTTTAGAAAGACGTTATTGGCTACTAGCAGCAGTCCGCCGAGA

BsaBI
Fnu4HI DrdI  EcoRV |
CviRI MwolI Tsel | BbvI N1aIII|TaqIl |

| I NN

TGCACATTTAGCAAGACAAGATTTGCGCAGCAACAGATGACGACATGGGTGTCGATATCAA

ACGTGTAAATCETTCTGTTCTAAACCGTCEGTTGTCTACTGCTGTACCCACAGCTATAGTT

BglT
MwoI
Tsp509I | HinfI
cvigr | | TEiI N1laIIl

TCAAACCAATATCAACCAGCCAAATTGGCAAGATGACAAGAATGGCGATTCATGTTTTTT

AGTTTGGTTATAGTTGETCGGTTTAACCGTTCTACTGTTCTTACCGCTAAGTACARAAAN

60

120

180

240

300

360
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Bfal
MnlI MboII | BsaHI

] | |

GGTTGATGAGATTGACTTTGTCATTGAGGCTGGAGAAGATAAACATATTCTAGGTATGAC

Cac8I
AluTl |
CvidI | HpaIl
Fnu4HI | | BsaWI|
Hgal Tsel| | | AvaIl ||
Tsp509I MwoI || | | BbvI Sau96I || CviJI NdeI
|

l N | | 1] l

GCCGAGCAATTTACGCAGCTTGCTATCGCCCCTGTTGGACCGGACAAAGCCAACATATGC
CGGCTCGTTAAATGCGTCGAACGATAGCGGGGACAACCTGGCCTGTTTCEGGTTGTATACG

BtsI TspRI Tsp5091
MseI |CviRI | SfaNI MseI| Tsp509I

L 1 | | |

TCTTAATCACTGCATCAACAATCACAACCTATCTTTAATTGTAGATATTGCCCATAATGA
AGAATTAGTGACGTAGTTGTTAGTEGTTGCGATAGARATTAACATCTATAACGGGTATTACT

EarI
Bfal SapI
MseI | MwoIl | MboIT

| || l

ATTACTAAAGCGTGGTTATTTAACTAGCAGTATTAGCATTGAAGAGCAGGATTTATCAAC

TAATGATTTCGCACCAATAAATTGATCGTCATAATCGTAACTTCTCGTCCTAAATAGTTG

HphI

CvidgI |
Bst4cCI Cac8I HphI HaeIII | Bfal
Msel | NlaIII | SfaNI EaeI | |NheI|

| | | | LTl

TAAAAAACTCACTTTAACAGTCCATGCTGGCAAGGTGAAAAAGGTGATATTGGCCGATGC

ATTTTTTGAGTGAAATTGTCAGGTACGACCGTTCCACTTTTTCCACTATAACCGGCTACG

AciT MseTI
FnudHI AflrzT|
Cac8I CvidI | SmlI| MnlI  CviJI

I | | | I

TAGCARAACGCCAACTTATGTCAAAGCCGCCATTCCTCTTAAGTTCAATCAAGCCTTTCG

ATCGTTTTGCEGTTGAATACAGTTTCGGCGETAACCGAGAATTCARGTTAGTTCGGARRGC
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SfaNI
DpnI |
MboI | |
Tsp5091 clar| | |
Bfal | bral TagqI| | |
Xbal| |Mser| Aalwrl || | | Bst4CI

| |l 1

TCTGTCATATTTAGAACAAGGTCTAGATAATTTAAAACGCATCGATCCAACGGCAACCGT
721 ----- - e dmmmmmm o= dmmmmmm e Fommmm— - fommmmmmm o + 780
AGACAGTATAAATCTTGTTCCAGATCTATTAAATTTTGCGTAGCTAGGTTGCCGTTGGCA

Bsrl
BsgI|
Alur ||
CvidgI ||
BpmI Fnu4HI | ||
CvirRI | Tsel| | || BbvI Msel
||

GCAGATTATACCAAGCAGCTCCAGTAATGTCGCCAATGATATTGACATTAACACCACARA
781 —mmmmmme- I Fommmm e Fmmm e o R + 840
CGTCTAATATGGTTCGTCGAGGTCATTACAGCGGTTACTATAACTGTAATTGTGGTGTTT

PshAI Haell

AciI | Hhal |

BStF5I| | Afell |

Avall || | HinpP1I|||
BsaJI Sau96I || | MwoI ||| Asel
StyI MslI | || |Fokz | |]|]]| Msel
l | LIEr 1 T |
CCTTGETTTTAGTGATTTACTCATTAGGATGGACCGCAGTCAAAGCGCTGTATTTGGCAT

841 --------- dmmm————— Fmmmmmm e B R S + 900
GGAACCAAAATCACTAAATGAGTAATCCTACCTGGCGTCAGTTTCGCGACATAAACCGTA

Sspl Bst4CI Tsp509I

TAATATTGATAACAGTTTATCCAAAGATTATGGCAATTATCTGATTTCTGCTAATGTTCG
901 ---=-=---- R fmm e Tt R dmm e + 960
ATTATAACTATTGTCAAATAGGTTTCTAATACCGTTAATAGACTAAAGACGATTACAAGC

SfaNI

Msel

MnlI |

NsiIl ||
CviRI | || AscI
NlaIrl | || HinfI BssHII
Ppulol | | || TEiT XemI HinP1I
| 111 |

TGCTAACAACCTCATGCATCTTAACGATGAATGGAATCTTTCTGCCAACTATCCATTCGC
961 --------- L Fommmm Fommm o Fo-mmem - Frmmmm o + 1020
ACGATTGTTGGAGTACGTAGAATTGCTACTTACCTTAGAAAGACGGTTGATAGGTAACCG
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HhaI
BbvI |
BstUTI |
Cac8I | DpnI
Hhal | Fnu4HI XemI |
HinP1I | TseI| Hgal MboIl| | BspMI Msel
|

| | |1 | l

GCGCCTGATTGACGCTGCCCAAAATGATCTTGGGGTTCAGCGTCGGGCAAGGATAGGCAGGT
CGCGGACTAACTGCGACGGGTTTTACTAGAACCCCAAGTCCACCCGETTCCTATCCGTCCA

Apol
Tsp509I Tsp5091 CvidT
TAATTATCACGCTTCCTTGACTATTCCTTATGGATTGTATAAATTTTCTGCCACACACAG
1081 ------=-- R fmm e m - e - oo o +
ATTAATAGTGCGAAGGAACTGATAAGGAATACCTAACATATTTARAAGACGGTGTGTGETC

Hhal
HinP1I | Nlalv
CviJI N1laIII | BanI |
Tsp5091 XmnI| MwoI| | N1aIII |

| J || | |

CCACCACCAATACCAGCAATTTCTTGAAGGGCTTCATGCGCCCTTGACTTATCATGGCAC

1141 ==------- oo mm e o-ommmm-- mmmooem-- e omm - T +
GGETGCTGETTATGGTCGTTAARGBACTTCCCGARGTACGCGGGAACTGAATAGTACCGTG

Mfel
Tsp5091
Alul | Msl1I
CviJdI | Bst4CI|
MwoI | | BsmAI CviRI || BsaBI

|1 | N

CAGCAAGACAAGCTCAATTGGATTGTCTCGTTTATTGCACCGTGATGGCAATCAAAAGACL

1201 --------- ittt oo Frmmmmmom-- o R +
GTCGTTCTCTTCGAGTTAACCTAACAGAGCAAATAACGTGGCACTACCGTTAGTTTTCTG

Eco571 BsaBI

MseI | Tsp5091 Msel

| ] | |
TGAAGGTTATATAAAGGTTAATCACAAACGAAGCAGTAATTATATTGATGATGTTAATCT
1261 ~-=m==-=-~- AR Fmmm e PR $mmmmmmmem I +
ACTTCCAATATATTTCCAATTAGTGTTTGCTTCGTCATTAATATAACTACTACAATTAGA

AciT HphI
Fnu4HI MboII
CviRI AciI | sfaNI | |

TGAAGTGCAAAACCGCCGCACAACAGGATATAACATTGGCATCACTCATCAGCATCATCT
1321 -=----m=- FR fmmmmmmme- S frommm = 4o m————— +
ACTTCACGTTTTGGCGECETGTTGTCCTATATTGTAACCGTAGTGAGTAGTCGTAGTAGA

1080

1140

1200

1260

1320

1380
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MslI
BsaJI | BseST
StyI Bspl2861I

I
sfaNI | | Psil Bsgl|Mwol
|

| | I I

TCACCAAGGTGETTATTTGTATGCCAACTTGGATTATAAGCAAGGAACAGGGGCACTAAA

AGTGGTTCCACCAATAAACATACGGTTGARCCTAATATTCGTTCCTTGTCCCCGTGATTT

EarI
SapI
CviRI|
cac8I ||
BstAPT| || BmrI
MwoI| || MboII BsrI|
cvidgI|| || SfaNI MslI | Eco57I MnlI ||BslI
L1 1 | I
AGCAAAGCCTGCACCTGAAGAGCATATTTATGATGCTTTTGGGCGACAACTACCCAGTGA

TCGTTTCCRACGTCGACTTCTCETATARATACTACGARAACCCGCTGTTGATGGGTCACT

MaeIIl
Tsp451
TspRI CviRI  Tsp509I | BsrI CvidI Msel

| | | i I | l

GGGTTTTGCAAAAGCACCAATTTGGTCACTATACACCAGTTTCCAAAAGCCATTTGTCTT
CCCARAACGTTTTCGTGGTTAAACCAGTGATATGTGGTCAAAGCGTTTTCGGTAAACACAR

HhaT
HinPl1I | FokI

AAACAACCCAAATGATACTGAACAAGCGCAAGATAAAGCAACAGCAAATAAACCCATTTA
TTTGTTGEGGTTTACTATGACTTGTTCGCGTTCTATTTCGTTGTCGTTTATTTGGGTAAAT

BstF51 MnlI Bfal CvidI Mwol

1 | l l

CACATCCATTCCTCTCACTTATACTGCTAGATTACAAGCCCAATATGCCAAACAACTTCC
GTGTAGGTAAGGAGAGTGAATATGACGATCTAATGTTCGCGGTTATACGGTTTGTTGAAGG

Rsal MwoI Msel
Cspé6I | MwoI MseI |MnlI |

o

TGETACCATCTGATTTATTCTATTTGGGTGGCAGATATAGCATTAAAGGCATTAAAGAGGE
ACATGGTAGACTAAATAAGATAAACCCACCCTCTATATCGTAATTTCCGTAATTTCTCCC

CvidI Mfel
Tsp5091 NlaIII| CvidI Tsp509T

AAATTATTTATCAGGAGAACATGGCTTTAGCCTATCCCAAGAACTTGCTTGGCAATTGCC
+ 1800

TTTAATAAATAGTCCTCTTATACCGARAATCGGATAGGGTTCTTGAACGAACCGTTARCGG
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BmrI

BsrI|

HaeII] |

Rsal HhaIl ||

HinfI Cspé61I | HinP1I ||| |
TE£il Msel TatI|| CviRI MwoI| |||]| CviRI
| | |1 | 1T I

ATTACAGAATCTTAATCAGCACTTTAGTACAAATGCAAACAGCGCCCAGTTGTATGCAAG

TAATGTCTTAGAATTAGTCGTGAAATCATGTTTACGTTTGTCGCGGGTCAACATACGTTC

CviJdI

DpnI XemI |
BclI | BslI| |
MboI | CviJI Msel pEiMI| |

| | | | 1]

TATTGATCAAGGCTATGCCTATGGAAAAAACACTCTTAATAATCAACGCCATATCTTGGC

ATAACTAGTTCCGATACGGATACCTTTTTTGTCAGAATTATTAGTTGCGGTATAGAACCG

Apol

EcoRI

Tsp5091

MnlI DpnI |
Acil | BstYI | |
BsrBI | BpmI AlwI MboI | |

| | 1

TGGAGCGETTGGTATGAGGTATTATTTTCAAGGCAGTCAAGATCCAAGAATTCAAGAAAC

ACCTCGCCAACCATACTCCATAATAAAAGTTCCGTCAGTTCTAGGTTCTTAAGTTCTTTG

HinfI

CviJI |
MlyI | | HinfI
Plel | | Tfiz

I |

ACAAAATGGCTTGACTCATTTCAAAGAATCAAATACTTATCTARATAACACACCAACCAC

TETTTTACCGAACTGAGTAAAGTTTCTTAGTTTATGAATAGATTTATTGTGTGGTTGGTG

Hgal
XemI ApoI |
AluI | MselI Tsp509I |

CvidI | Tsp509I [BsaHI ||

| | | | | | |

AGCTCATTTGGATATATTCATTGGAAAAGGAATTAAGACGCCTGAATTTATGAAGAAAGA
TCGAGTARACCTATATAAGTAACCTTTTCCTTAATTCTGCGGACTTAAATACTTCTTTCT

Bst4CI
MboII Cac8TI Msel

|

AACCGTCGTGGETGTGAGTGCCAGCATTGAGTTTTAAGTCATATTATTTTTTGTAATGGA

TTGGCAGCACCCACACTCACGGTCGTAACTCAAAATTCAGTATAATAAAAAACATTACCT
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Cvidl
M1lyI |
pleI| |
MlyI CviRI MboII || |

PleI HinfI MboII | Ddel HinfI MseI || | TaqI

l I | | l | 111 l

GTGGAAGATGACTCACTTTGCATTATCTAAGTGAGTCATTAAGGCTTCTTCGATAATGAC
2161 --------- O bt Fmmmmmmm - R R it R il + 2220

CACCTTCTACTGAGTGAAACGTAATAGATTCACTCAGTAATTCCGAAGAAGCTATTACTG

SfaNI

Hhal Rsal |
BstUI | Csp6I| |
HinP1I |Hgal || |

NN

GCGCATCGGTACGCCAT

CGCGTAGCCATGCGGTA
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Figure 47.

Sequence of M. catarrhalis gene encodng a

142/189

putative virulence factor designated MCA101924

caaaattttt atcactttta ttgataaagt atccaagaaa

accaagtaaa ataacacatt tttgataagt ttatattaag

cte ttt cge
Leu Phe Arg

att tta ggt
Ile Leu Gly

ggt ggg ttg
Gly Gly Leu
40

tta cgc cgc
Leu Arg Arg
55

gta tta act
Val Leu Thr
70

ctg att gct
Leu Ile Ala

acg gtg gcg
Thr Val Ala

cca ggt ttt
Pro Gly Phe
120

tta cge ttg
Leu Arg Leu
135

ttt ggt agc
Phe Gly Ser
150

gct cct gta
Ala Pro Val

tce
Ser

tta
Leu
25

atg
Met

ctg
Leu

gag
Glu

cgt
Arg

gtt
Val
105

gce

Ala

act
Thr

att
Ile

tta
Leu

acc
Thr
10

atc
Ile

gat
Asp

ttt
Phe

tac
Tyr

gtc
vVal
90

atc
Ile

gat
Asp

ttc
Phe

cta
Leu

cta
Leu
170

gte
val

aga
Arg

gcg
Ala

gcc
Ala

aaa
Lys
75

tct
Ser

ttt
Phe

gac
Bsp

cct
Pro

caa
Gln
155

aat
Asn

att
Ile

gac
Asp

Lttt
Phe

gaa
Glu
60

gaa
Glu

ggc
Gly

ttg
Leu

cce
Pro

tat
Tyr
140

agt
Ser

ctt
Leu

gtc
val

atg
Met

tta
Leu
45

999
Gly

gca
Ala

gta
Val

gca
Ala

caa
Gln
125

tta

Leu

tat
Ty

tgt
cys

agt
Ser

gtt
Val
30

gtt
val

gca
Ala

cgc
Arg

tta
Leu

cct
Pro
110

aag

Lys

tta
Leu

gga
Gly

atg
Met

tce
Ser
15

ttg
Leu

gce
Ala

ttt
Phe

act
Thr

tcc
Ser
95

caa
Gln

ttt
Phe

tte
Phe

aga
Arg

att
Ile
175

atg
Met

atg
Met

ttt
Phe

tce
Ser

tta
Leu
80

ttg
Leu

gtg
Val

gac
Asp

gtc
Val

ttt
Phe
160

ggc
Gly
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actgagcaaa ttagtgaaaa 60

atg
Met
1

acc
Thr

agt
Ser

aaa
Lys

caa
Gln
65

act
Thr

gtg
Val

gtg
val

act
Thr

tecc
Ser
145

gca

Ala

ggt
Gly

gca
Ala

atg
Met

gtt
vVal

atc
Ile
50

gcce
Ala

gag
Glu

cta
Leu

tat
Tyr

acc
Thr
130

atg
Met

gca
Ala

aca
Thr

aaa tect cgg
Lys Ser Arg

ctt
Leu

ttt
Phe
35

CCcC
Pro

ttt
Phe

gtg
Val

ctt
Leu

tta
Leu
115

gcc

Ala

acg
Thr

cccC
Pro

tta
Leu

tct
Ser
20

ggt
Gly

aat
Asn

gtt
val

caa
Gln

gta
val
100

tte
Phe

aag
Lys

gca
Ala

gce
Ala

ata
Ile
180

5

cgt
Arg

gct
Ala

Tttt
Phe

cct
Pro

ctg
Leu
85

ttg
Leu

gca
Ala

ctg
Leu

ttt
Phe

ttt
Phe
165

tta
Leu

115

163

211

259

307

355

403

451

499

547

595

643
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gca
Ala

att
Ile

caa
Gln

agg
Arg
230

acc
Thr

gca
Ala

cca
Pro

cta
Leu

cta
Leu
310

ctt
Leu

cgt
Arg

aag
Lys

gca
Ala

ggc
Gly
390

cca
Pro

tca
Ser

aaa
Lys
215

cgt
Arg

cag
Gln

ggt
Gly

tta
Leu

tca
Ser
295

gac
Asp

gcg
Ala

ggt
Gly

tet
Ser

cct
Pro
375

atc
Ile

atg
Met

ggc
Gly
200

ctg
Leu

att
Ile

att
Ile

tca
Ser

gga
Gly
280

tca
Ser

tgg
Trp

ata
Ile

caa
Gln

tta
Leu
360

gca

Ala

att
Ile

ctt
Leu
185

att
Ile

ctt
Leu

tta
Leu

aac
Asn

gta
val
265

cte
Leu

agt
Ser

gct
Ala

ttt
Phe

ttt
Phe
345

tca
Ser

ttt
Phe

tca
Ser

gat
Asp

ttg
Leu

att
Ile

aag
Lys

tta
Leu
250

tca
Ser

att
Ile

cgt
Arg

gce
Ala

gtt
val
330

acc

Thr

gga
Gly

ttt
Phe

gta
Val

aag
Lys

cag
Gln

cca
Pro

ctc
Leu
235

tta
Leu

tgg
Trp

ggt
Gly

gcc
Ala

cgce
Arg
315

tta
Leu

cac
His

gg99
Gly

gca
Ala

ttt
Phe
395

cca
Pro

ctg
Leu

ccce
Pro
220

atg
Met

tta
Leu

atg
Met

gtg
Val

aag
Lys
300

tta
Leu

tca
Ser

caa
Gln

atc
Ile

aat
Asn
380

gct
Ala

atc
Ile

cte
Leu
205

agt
Ser

ctg
Leu

agce
Ser

tat
Tyr

gcg
Ala
285

tca
Ser

att
Ile

gat
Asp

gat
Asp

tta
Leu
365

caa

Gln

aat
Asn
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atg
Met
150

ata
Ile

att
Ile

cct
Pro

acc
Thr

gct
Ala
270

att
Ile

gat
Asp

ctt
Leu

att
Ile

gce
Ala
350

gga
Gly

gac
Asp

atg
Met

gca
Ala

cag
Gln

agce
Ser

gcc
Ala

gta
Val
255

gcc
Ala

ggt
Gly

gat
Asp

gtc
Val

ttg
Leu
335

ttg

Leu

ttt
Phe

acc
Thr

att
Ile

ttg
Leu

ttg
Leu

ttt
Phe

att
Ile
240

ttt
Phe

gaa
Glu

acg
Thr

gaa
Glu

atc
Ile
320

atg
Met

atg
Met

atg
Met

aaa
Lys

ttt
Phe
400

ggt
Gly

cca
Pro

aaa
Lys
225

ttt
Phe

gcc
Ala

cge
Arg

gtg
Val

aat
Asn
305

ggt
Gly

gat
Asp

agt
Ser

ctce
Leu

acg
Thr
385

agc
Ser

tat
Tyr

cag
Gln
210

gat
Asp

g99
Gly

tca
Ser

tta
Leu

att
Ile
290

ttt
Phe

ata
Ile

gct
Ala

ggt
Gly

att
Ile
370

cct

Pro

gte
Val

gct
Ala
195

ctt
Leu

gaa
Glu

gta
Val

tta
Leu

agt
Ser
275

tta
Leu

cge
Arg

cca
Pro

ttg
Leu

att
Ile
355

aaa

Lys

gtt
Val

gta
Val
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gtc
val

tgg
Trp

ggc
Gly

tcc
Ser

atg
Met
260

gaa
Glu

cca
Pro

caa
Gln

gcce
Ala

ttt
Phe
340

gct
Ala

att
Ile

aaa
Lys

ttt
Phe

gcc
Ala

caa
Gln

gtt
Val

gtc
Val
245

att
Ile

ttg
Leu

agc
Ser

acg
Thr

agt
Ser
325

gtg
Val

cta
Leu

ttt
Phe

att
Ile

att
Ile
405

691

739

787

835

883

931

979

1027

1075

1123

1171

1219

1267

1315
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ggg cta ttt tat
Gly Leu Phe Tyr

gca acc aca gca
Ala Thr Thr Ala
425

tta cat cge cgt
Leu His Arg Arg
440

ata cga caa ttt
Ile Arg Gln Phe
455

gtc att ttg ccc
Val Ile Leu Pro
470

gcc atc ttg ctg
Ala Ile Leu Leu

aca cta ctc ate
Thr Leu Leu Ile
505

tta
Leu
410

gca
Ala

ggt
Gly

gtg
Val

tta
Lieu

ggc
Gly
490

act
Thr

atg
Met

agt
Ser

atc
Ile

att
Ile

tat
Tyr
475

ata

Ile

ggt
Gly

aaa
Lys

ttt
Phe

tat
Tyr

gcc
Ala
460

cca
Pro

tgc
Cys

ttt
Phe

ctg
Leu

gtt
Val

cgt
Arg
445

aat
Asn

att
Ile

ggt
Gly

cgce
Arg
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cct
Pro

aac
Asn
430

Lttt
Phe

att
Ile

gat
Asp

ttt
Phe

cca
Pro
510

tta
Leu
415

gca
Ala

ggt
Gly

gcc
Ala

gct
Ala

999
Gly
495

agt
Ser

cat
His

ggt
Gly

act
Thr

atg
Met

aat
Asn
480

gca

Ala

cag
Gln

gctgtcatta tatattctac tgtcattata catgataccc

caatacaaag cacacaaaaa aaattacttg

ggt

gga

ttg

Gly Gly Leu

cta
Leu

cac
His

gtg
Val
465

cac

His

atc
Ile

ctt
Leu

tgccgaacca ttgacataag

cte
Leu

tag
Trp
450

att
Ile

tgg
Trp

att
Ile

aag
Lys

tat
Tyr
435

aaa
Lys

agce
Ser

ctc
Leu

tat
TyxY

cat
His
515
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gcc
Ala
420

gcc
Ala

aag
Lys

tta
Leu

aaa
Lys

ggt
Gly
500

ggt
Gly

ttg
Leu

gtt
Val

atg
Met

tect
Ser

att
Ile
485

atc
Ile

tga

1363

1411

1459

1507

1555

1603

1651

1711

1741
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Figure 48. Restriction enzyme analysis of the M. catarrhalis

gene encodng a putative virulence factor designated MCA101924

Tsp5091
ApoI DdelI |
Tsp5091 BseMIT BCivI | |
l | |
CAAAATTTTTATCACTTTTATTGATAAAGTATCCAAGAAAACTGAGC£AATTAGTGAAAA
1l —mm——— Fm———————- D il e ———— e ———— e + 60
GTTTTAAAAATAGTGAAAATAACTATTTCATAGGTTCTTTTGACTCGTT' TAATCACTTTT

Msel CvidI
ACCAAGTAAAATAACACATTTTTGATAAGTTTATATTAAGATGGCAAAATCTCGGCTCTT
6l —-~--mm-- Fomm e F-m-m e t--mmmm—-- Fmmmm - Fmm——————- + 120.
TGETTCATTTTATTGTGTAAAAACTATTCAAATATAATTCTACCGTTTTAGAGCCGAGAA

NlaIII
MslI | BsmAI

Bst4CI N1aIIT| | Msel |
TCGCTCCACCGTCATTGTCAGTTCCATGACCATGCTTTCTCAGTATTTTAGGTTTAATCAG
121 —-—-m e pommmmmmm- dmmmm oo - dmmmmmm o R R R + 180
AGCGAGGTGGCAGTAACAGTCAAGGTACTGGTACGAAAGAGCATAAAATCCAAATTAGTC

NlaIII SfaNI BStF5I  FokI
AGACATGGTTTTGATGAGTGTTTTTCETCCTGGTCGEGTTGATGGATGCGTTTTTAGTTGC
181 --==-==-- Hmmmmmmm o e Fommmmmm e R et + 240
TCTGTACCAAAACTACTCACAAAAACCACGACCACCCAACTACCTACGCAAAAATCAACG

Dral AciI BglI
MseI| Tsp509I Fnu4HI Mwol CviJI
| | | | I
CTTTAAAATCCCCAATTTTTTACGCCGCCTGTTTGCCGAAGGGGCATTTTCCCAAGCCTT
241 ==------- S H+mmmmmm o Rt dmmmm oo e ettt + 300
GAAATTTTAGGGGTTAAAAAATGCGGCGGACAAACGGCTTCCCCGTAAAAGGEGTTCGGAA

Rsal
Csp61I |
TatI] |
Ddel ||| BseMII Msel
BseMII Msel | 111 Cac8I |MnlI|DdeI CviRI

11 IR |

TGTTCCTGTATTAACTGAGTACAAAGAAGCACGCACTTTAACTGAGGTGCAACTGCTGAT
301 --------- dmmmm e Fmmmm e dommmmm e T dmmmm e + 360
ACAAGGACATAATTGACTCATGTTTCTTCGTGCGTGAAATTGACTCCACGTTGACGACTA
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BsaJl AciT
BssSI BsmAI StyI Bst4CT |

\ l

TECTCGTGTCTCTGECGTATTATCCTTGEGTGCTACTTGTATTGACGETGGCGGTTATCTT

ACGAGCACAGAGACCGCATAATAGGAACCACGATGAACATAACTGCCACCGCCAATAGAA

BstNTI

ScrFI

SmlI BssKI |
NlaIVv | PspGI |
BanI | | MnlI SexAT |

1] l | |

TTTGGCACCTCAAGTGETETATTTATTCGCACCAGETTTTGCCGATGACCCCCARARGTT

AAACCGTGGAGTTCACCACATAAATAAGCETGGTCCAAAACGECTACTGGEGGGTTTTCAR

MaeIIlI NlalIIT
Alul | BsmAI |
AciIl CviJgT | BsmBI |

| | | | |

TGACACTACCGCCAAGCTGTTACGCTTGACTTTCCCTTATTTATTATTCGTCTCCATGAC

ACTETGATGGCGGTTCCGACAATGCGAACTGAARAGGGAATAAATAATAAGCAGAGGTACTG

AciI
Mwol |
MboII ||
Fnu4HI | ||
cviri| | || Faul
BsmI TseI| | || BbvI |
o 1
GGCATTTTTTGGTAGCATTCTACAAAGTTATGGAAGATTTGCAGCACCCGCCTTTGCTCC
Fommmmmm o dmmmmmm oo - + 600

CCGTAAAAAACCATCGTAAGATGTTTCAATACCTTCTAAACCGTCGTGGGCCGAAACGAGEG

Rsal SspT
Csp61I|Asel |
AciI | |MseI ] MwoI

P I

TGTATTACTAAATCTTTGTATGATTGGCGGTACATTAATATTAGCACCAATGCTTGATAA

ACATAATGATTTAGAAACATACTAACCGCCATGTAATTATAATCGTGGTTACGAACTATT
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Fnu4HI

Alul

CviJT

MspAlT

PvuIl

Tsel

Fnu4HI |

CviRI| | Bst4CI

CviJgI  NlaIII BbvI - TseI| | BbvI |

l | l I | |

GCCAATCATGGCATTGGETTATGCTGTCGCCATTTCAGGCATTTTGCAGCTGCTCATACA

CGGTTAGTACCGTAACCCAATACGACAGCGGTAAAGTCCGTAAAACGTCGACGAGTATGCT

Dral

BstXI MselI|
Alul | BmrI Alul ||
cvidI | BsrI| Cvidgr |

| | 11

GTTGCCACAGCTTTGGCAACAAAAACTGCTTATTCCACCCAGTATTAGCTTTAAAGATGA

AluI Cac8I
CviJI Fnu4HI |
Dral | MwoI] | MaeIIl
Msel | |NlaIII| | HphI |
BbvI || | TserI] | BslI  |Tsp45I BeiVI

L N

AGGCGTTAGGCGTATTTTAAAGCTCATGCTGCCTGCCATTTTTGGGGTATCCGTCACCCA

TCCGCAATCCGCATAAAATTTCGAGTACGACGGACGGTARAAAACCCCATAGGCAGTGGGT

Asel
BspMI CviRI NlaIIT
MselI Msel Bst4CI MseI MnlI | BbvI

I l | I

GATTAACTTATTATTAAGCACCGTATTTGCCTCATTAATGATTGCAGGTTCAGTATCATG

CTAATTGAATAATAATTCGTGGCATAAACGGAGTAATTACTAACGTCCAAGTCATAGTAC

Tsp5091
Fnu4HI Msel |
Tsel| Af1II| |  mMlyr
BstF5I ||FokI SmlI| |  PleI HinfI MslI Csp61I

| 1 | l | I |

GATGTATGCTGCCGAACGCTTAAGTGAATTGCCATTAGGACTCATTGGTGTGGCGATTGGE

CTACATACGACGGCTTGCGAATTCACTTAACGGTAATCCTGAGTAACCACACCGCTAACC

720

780

840

900

960
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XmnI
Bst4CI CvidI Apol |
Rsal | HphI | Tsp509I |

TACGGTGATTTTACCAAGCCTATCATCAAGTCGTGCCAAGTCAGATGATGAARATTTTCG

ATGCCACTAAAATGGTTCGGATAGTAGTTCAGCACGGTTCAGTCTACTACTTTTAAAAGC

Faul
Tsp5091

Acir

Cac8I

Fnu4HI |

BsrI| |

CviJgI| |

Bfal Tsel| | BstZl7I  Bsrl

BbvI | BmrI || |MseI AccIl| CviJdI| Mwol
| | I | H |

CCARAACGCTAGACTGGECTGCCCGCTTAATTCTTGTCATCGGTATACCAGCCAGTCTTGC
1021 ====----- dmmm e e i Fmmm e R + 1080
GGTTTGCGATCTCGACCCGACGEGCGAATTAAGAACAGTAGCCATATGGTCGGTCAGAACG

SfaNT
SfaNT BstF5I  FokI Tsp5091
| | | | I
GATATTTGTTTTATCAGATATTTTGATGGATGCTTTGTTTGTGCGTGGTCAATTTACCCA
1081 --------- Fomm - Fommmmmm— - Fommmm—m-- Hmmmmm - Fmmm———- + 1140
CTATAAACAAAATAGTCTATAAAACTACCTACGAAACAAACACGCACCAGTTAAATGGGT

DdeI
Dpnl |
BstYI |
MslI MnlI MboI | |AlwI

| .

CCAAGATGCCTTGATGAGTGGTATTGCTCTAAAGTCTTTATCAGGAGGGATCTTAGGATT

GGTTCTACGGAACTACTCACCATAACGAGATTTCAGAAATAGTCCTCCCTAGAATCCTAA

CviRI

BstAPI
Apol MwoI |
TSp5091 BspMI| |
|

MseI |  CviRI CviRI | Msel

TATGCTCATTAAAATTTTTGCACCTGCATTTTTTGCAAATCAAGACACCAAAACGCCTGT

ATACGAGTAATTTTAAAAACGTGGACGTAAAAAACGTTTAGTTCTGTGGTTTTGCGGACA
Tsp509I SfaNTI Hgal CviJdI
| l | l

TAAAATTGGCATCATTTCAGTATTTGCTAATATGATTTTTAGCGTCGTATTTATTGGGCT

ATTTTAACCGTAGTAAAGTCATAAACGATTATACTARAAATCGCAGCATARATARCCCGA
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BsaJl
StyT Fnu4HI
NlaIII cvigr| TseI|
Msel BslI | HaeIII| MwoI ||

| | | | 11

ATTTTATTTAATGAAACTGCCTTTACATGGTEGGATTGGCCTTGGCAACCACAGCAGCAAG

1321 --------- T Fmmmmmm e dmmmmmm e PN FRUNU——. + 1380

TAAAATAAATTACTTTGACGGAAATGTACCACCTAACCGGAACCGTTEGCGTGTCGTCGTTC

HincIT
Hpal BtgI
Msel | BsaJl |
BbvI] | BstDSI |
BspMI ||| AccI MslI| | Csp6I

| 11 I ] |

TTTTGTTAACGCAGETCTACTCTATGCCGTTTTACATCGCCGTGGTATCTATCGTTTTGG

AAAACAATTGCGTCCAGATGAGATACGGCAARATGTAGCGGCACCATAGATAGCAAAACC

NlaIII

Btgl

BsadJI

BstDSI

Ncol

Styl

XemI |

BsrI MwoI | | Alul

Rsal TspRI Tsp509T. sspI| | | CcvidI
| | I l |
TACTCACTGGAAAAAGATGATACGAéAATTTGTGATTGCCAATgTéGCCATGGTGATTAG

1441 --=------ e b o oo ommmmm - +
ATGAGTGACCTTTTTCTACTATGCTGTTARACACTAACGEGTTATAACGGTACCACTAATC

Tsp509I

Mfel BsrI |

Tsp509I TspRI |

HphI SfaNI | BsaBI CvidI | |

| ] l N

CTTATCTETCATTTTGCCCTTATATCCAATTGATGCTAATCACTGGCTCAAAATTGCCAT

GAATAGACAGTAAAACGGGAATATAGGTTAACTACGATTAGTGACCGAGTTTTAACGGTA

Acil
BstXI  Ndel

CTTGCTGGECATATGCGGTTTTGGEGCAATCATTTATGGTATCACACTACTCATCACTGE

GAACGACCCGTATACGCCARAACCCCGTTAGTARATACCATAGTGTGATGAGTAGTGACC

1500

1560

1620



WO 02/18595 PCT/CA01/01221

150/189
Msel
Af1TI|
SmlI |
BsrI AluI] | AluI
TspRI CviJgI|| NlaIII Cvidr Bst4CI

] I | l |

TTTTCGCCCAAGTCAGCTTAAGCATGGTTGAGCTGTCATTATATATTCTACTGTCATTAT
AAAAGCGGGTTCAGTCGAATTCGTACCAACTCGACAGTAATATATAAGATGACAGTAATA
NlaTIII Tsp509T

ACATGATACCCTGCCGAACCATTGACATAAGCAATACAAAGCACACAAAAAAAATTACTT

TGTACTATGGGACGGCTTGGTAACTGTATTCGTTATGTTTCCGTGTGTTTTTTTTAATGAA

G
1741 - 1741
C
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Figure 49. Sequence of M. catarrhalis heme receptor gene

designated MCA101976

atgctcaagt atcttttctt attaaatcat tgttattttt taaatatgct atataataat 60

gtgetttatt taattatgtt atatcataac cgagggtatc atg ata aaa aaa cca 115
Met Ile Lys Lys Pro
1 5

ctt gtt tgt gcg ata tcg gce acc ttt geg atg cca geg gta gea gat 163
Leu Val Cys Ala Ile Ser Ala Thr Phe Ala Met Pro Ala Val Ala Asp
10 15 20

aat acc aag ctg ggt gaa gag cca acc acc acc tta aag ggt gta ttg 211
Asn Thr Lys Leu Gly Glu Glu Pro Thr Thr Thr Leu Lys Gly Val Leu
25 30 35

gta agc tecg caa acg aac caa aat aca ggt ttt gta tect aat gat tca 259
vVal Ser Ser Gln Thr Asn Gln Asn Thr Gly Phe Val Ser Asn Asp Ser
40 45 50

aaa caa tcc agt gat ctt acg ctt tca aaa gat aaa tta aaa tat cgt 307
Lys Gln Ser Ser Asp Leu Thr Leu Ser Lys Asp Lys Leu Lys Tyr Arg
55 60 65

teg gca acc ttg ggc aat gcg tta agt ggt gag ctt ggt att cat agt 355
Ser Ala Thr Leu Gly Asn Ala Leu Ser Gly Glu Leu Gly Ile His Ser
70 75 80 85

aac cct ttt ggt ggec ggt tca tct geca cct gtt gtg cga ggg caa gag 403
Asn Pro Phe Gly Gly Gly Ser Ser Ala Pro Val Val Arg Gly Gln Glu
20 95 100

ggt gtg cgt ctt aag att tta caa aat gga act gat gtg att gat gtg 451
Gly Val Arg Leu Lys Ile Leu Gln Asn Gly Thr Asp Val Ile Asp Val
105 110 115

tca tca ata tcg cct gat cat gtt gtg gcg acc gat aca ctt tta gcg 499
Ser Ser Ile Ser Pro Asp His Val Val Ala Thr Asp Thr Leu Leu Ala
120 125 130

tct aaa gtt gag ctt gtt cgt ggt gect gat acg ctg tta tat ggc ttg 547
Ser Lys Val Glu Leu Val Arg Gly Ala Asp Thr Leu Leu Tyr Gly Leu
135 140 145

gca tcg cca get ggt gtg att aat gtt gtt gat gac cgt atc ccg aat 595
Ala Ser Pro Ala Gly Val Ile Asn Val Val Asp Asp Arg Ile Pro Asn
150 155 160 165

cgt atg cct agt ggt gect atc cat gac aaa atc gaa ggc gag acg atg 643
Arg Met Pro Ser Gly Ala Ile His Asp Lys Ile Glu Gly Glu Thr Met
170 175 180
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ctt
Leu

agce
Ser

cga
Arg

tta
Leu
230

ggc
Gly

cac
His

caa
Gln

tat
Tyr

aat
Asn
310

cat
His

att
Ile

cct
Pro

tat
Tyx

cac
His
390

cga
Arg

ttt
Phe

gag
Glu
215

gat
Asp

gtg
Val

cgt
Arg

cga
Arg

tta
Leu
295

cct
Pro

aat
Asn

gat
Asp

att
Ile

tat

Tyr
375

aaa
Lys

tat
Tyxr

g99
Gly
200

gct
Ala

tat
TYyr

tct
Ser

aaa
Lys

gag
Glu
280

cce
Pro

cat
His

cce
Pro

atg
Met

caa
Gln
360

cat

His

cct
Pro

aac
Asn
185

gta
val

gat
Asp

gtg
val

tat
Tyr

gat
Asp
265

cat
His

att
Ile

acg
Thr

acg
Thr

aaa
Lys
345

ggt
Gly

gat
Asp

tct
Ser

aca
Thxr

gga
Gly

gac
Asp

cca
Pro

att
Ile
250

cgt
Arg

ttt
Phe

tat
Tyr

cat
His

ggc
Gly
330

acc

Thr

ttg
Leu

gaa
Glu

gag
Glu

aac
Asn

gat
Asp

tat
Tyr

ggt
Gly
235

cat
His

tat
Tyr

atc
Ile

cct
Pro

tge
Cys
315

gtg
Val

aat
Asn

gat
Asp

aaa
Lys

cgt
Arg
395

aac
Asn

cge
Arg

caa
Gln
220

agt
Ser

gat
Asp

ggt
Gly

aaa
Lys

cat
His
300

cge
Arg

ccc
Pro

cgc
Arg

aaa
Lys

gat
Asp
380

gat
Asp

cat
His

att
Ile
205

gtt
val

gca
Ala

aat
Asn

atc
Ile

tgg
Trp
285

ttg
Leu

cac
His

atc
Ile

tac
Tyxr

att
Ile
365

gct
Ala

aca
Thr
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gaa
Glu
190

gcg
Ala

cce
Pro

aat
Asn

999
Gly

cca
Pro
270

cat
His

atg
Met

aac
Asn

aat
Asn

gac
Asp
350

aag

Lys

ggc
Gly

acg
Thr

aag
Lys

gtt
Val

cat
His

aac
Asn

cat
His
255

gg99
Gly

aat
Asn

gag
Glu

cac
His

cat
His
335
att
Ile

cta
Leu

aat
Asn

gtg
Val

ctt
Leu

cgg
Arg

ttt
Phe

tct
Ser
240

atc
Ile

cat
His

atc
Ile

gat
Asp

gaa
Glu
320

gaa
Glu

cgt
Arg

agc
Ser

gag
Glu

gat
Asp
400

gca
Ala

gtg
Val

cag
Gln
225

acc
Thr

ggt
Gly

atc
Ile

aca
Thr

tca
Ser
305

gac
Asp

cat
His

ggc
Gly

tta
Leu

caa
Gln
385

aag
Lys

act
Thr

gag
Glu
210

gca
Ala

gtt
Val

gct
Ala

cac
His

aaa
Lys
290

gat
Asp

cat
His

cat
His

gag
Glu

act
Thr
370

gac

Asp

ggt
Gly

gca
Ala
195

ggc
Gly

gat
Asp

ggc
Gly

tet
Ser

tge
Cys
275

tece
Ser

att
Ile

atc
Ile

teg
Ser

gta
Val
355

tat
Tyr

ceca
Pro

cat
His

PCT/CA01/01221
ggg gtg 691
Gly val
tta aag 739
Leu Lys
cge atg 787
Arg Met
atg att 835
Met Ile

245
tat agc 883
Tyr Ser
260
gac agc 931
Asp Ser
aat tat 979
Asn Tyr
gat gac 1027
Asp Asp
ggt gag 1075
Gly Glu

325
cct tgg 1123
Pro Trp
340
tat cgg 1171
Tyr Arg
gca gat 1219
Ala Asp
aac aat 1267
Asn Asn
gcc agce 1315
Ala Ser

405
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tct
Ser

aca
Thr

caa
Gln

gaa
Glu

cct
Pro
470

ctt
Leu

cat
His

cat
His

cat
His

agt
Ser
550

tca

Ser

gga
Gly

aaa
Lys

aaa
Lys

att
Ile

ccg
Pro

aaa
Lys

gca
Ala
455

tac
Tyr

gag
Glu

gaa
Glu

get
Ala

cct
Pro
535

gcc
Ala

cat
His

cat
His

gaa
Glu

gtc
Val
615

ttt
Phe

acc
Thr

tct
Ser
440

gaa
Glu

tta
Leu

caa
Gln

aga
Arg

ttyg
Leu
520

gat
Asp

tta
Leu

aac
Asn

ttg
Leu

aaa
Lys
600

agc
Ser

aca
Thr

aaa
Lys
425

gca
Ala

tgg
Trp

tta
Leu

cta
Leu

caa
Gln
505

cag
Gln

ttg
Leu

tgg
Trp

gaa
Glu

gcg
Ala
585

tecg

Ser

tat
Ty

aaa
Lys
410

cge
Arg

gca
Ala

caa
Gln

gtt
val

aag
Lys
490

aaa
Lys

tat
Tyr

acg
Thr

gat
Asp

cgc
Arg
570

acc

Thr

gat
Asp

aaa
Lys

aaa
Lys

tta
Leu

gga
Gly

aaa
Lys

cca
Pro
475

cta
Leu

aca
Thr

ttt
Phe

aca
Thr

att
Ile
555

att
Ile

agc
Ser

aat
Asn

gca
Ala

ggc
Gly

tet
Ser

gag
Glu

gcc
Ala
460

aat
Asn

aat
Asn

cca
Pro

tta
Leu

tat
Tyr
540

acg
Thr

cca
Pro

tct
Ser

tat
TYyr

agc
Ser
620

gtt
val

g99
Gly

gcg
Ala
445

caa
Gln

acc
Thr

caa
Gln

att
Ile

agt
Ser
525

aaa
Lys

cca
Pro

tcg
Sexr

ttt
Phe

gag
Glu
605

act
Thr
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aat
Asn

gta
Val
430

tat
Tyr

agt
Ser

aat
Asn

atg
Met

gaa
Glu
510

aaa
Lys

caa
Gln

aat
Asn

ccg
Pro

gag
Glu
590

ctg

Leu

tac
Tyxr

ggt
Gly
415

ttg
Leu

ttg
Leu

caa
Gln

aaa
Lys

act
Thr
495

tat
Tyr

gca
Ala

cat
His

cat
His

atg
Met
575

cat

His

ggt
Gly

tat
Tyr

cge
Arg

ggt
Gly

cca
Pro

aac
Asn

agce
Ser
480

ttt
Phe

gac
Asp

cag
Gln

gcc
Ala

cga
Arg
560

dgag
Glu

ggce
Gly

ttt
Phe

agc
Ser

ttg
Leu

att
Ile

agc
Ser

att
Ile
465

ctt
Leu

aag
Lys

cag
Gln

cta
Leu

acc
Thr
545

ttg
Leu

ctg
Leu

aat
Asn

atg
Met

aat
Asn
625

gag
Glu

999
Gly

tat
Tyxr
450

aac
Asn

ggt
Gly

gtg
Val

cat
His

aaa
Lys
530

tct
Ser

tca
Ser

tat
Tyr

aaa
Lys

cat
His
610

ttt
Phe

tta
Leu

tat
Tyxr
435

ttt
Phe

caa
Gln

att
Ile

gcg
Ala

tta
Leu
515

gca
Ala

tat
Tyr

ttg
Leu

tat
Tyr

aac
Asn
595

aca

Thr

gat
Asp

PCT/CA01/01221
tat cat 1363
Tyr His
420
caa acc 1411
Gln Thr
caa teca 1459
Gln Ser
tat cgt 1507
Tyr Arg
ttt gga 1555
Phe Gly

485
atg cgt 1603
Met Arg
500
ctt gac 1651
Leu Asp
cct gat 1699
Pro Asp
gct. ggt 1747
Ala Gly
acc tac 1795
Thr Tyr

565
caa ggc 1843
Gln Gly
580
ttg gtc 1891
Leu Val
gca gat 1939
Ala Asp
aac tat 1987
Asn Tyxr



WO 02/18595

att
Ile
630

tat
Tyr

tac
Tyr

caa
Gln

gct
Ala

gtt
Val
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tta
Leu

agt
Ser

gag
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ccg
Pro

tgg
Trp
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gce

Ala

tge
Cys
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Asn

ttt
Phe

aat
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cag
Gln

ggt
Gly
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aca
Thr

gat
Asp
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Serx
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aaa
Lys
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aga
Arg
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760
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cct
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aat
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cge
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acg
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ttg
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650

gcc
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ggt
Gly

tgg
Trp
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Gly
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Glu
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Ala
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Val
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atg
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635

gct
Ala
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caa
Gln

gtc
Val

ttg
Leu

ggc
Gly

gaa
Glu
795

gcec

Ala

agt
Ser

atg
Met

gce
Ala

aag
Lys

cac
His

tta
Leu

tat
Tyr
700

tat
Tyr

tgg
Trp

tat
Tyr

gca
Ala

att
Ile
780

ttt
Phe

att
Ile

cat
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cag
Gln

aaa
Lys

ttt
Phe

agt
Ser

tct
Ser
685

ttt
Phe

gat
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gga
Gly

aaa
Lys

cga
Arg
765

cgt
Arg

aac
Asn

aaa
Lys

tgc
Cys

cca
Pro
845
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gaa
Glu

tat
Tyr

gtg
Val
670

gat
Asp

gat
Asp

gce
Ala

caa
Gln

aac
Asn
750

aat
Asn

tgg
Trp

cat
His

cct
Pro

cga
Arg
830

aga
Arg

ggc
Gly

ggt
Gly
655

atg
Met

att
Ile

gat
Asp

gat
Asp

att
Ile
735

ggt
Gly
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Pro

caa
Gln

gtg
val

caa
Gln
815

atc

Ile

tat
Tyxr

aat
Asn
640

gtg
Val

ttt
Phe
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Lys

gat
Asp

ggt
Gly
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aac
Asn
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Thr

act
Thr
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ttt
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ttc
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agc
Ser

atc
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tta
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gag
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ttt
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ggt
Gly
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ggt
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gat
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Thr
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785
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aag
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Thr
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ttg
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ttt
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tca
Ser

gat
Asp
675

ctt
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ggt
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aac
Asn

PCT/CA01/01221
aga cgc 2035
Arg Arg

645
tta act 2083
Leu Thr
660
atg gtg 2131
Met Val
gta tat 2179
val Tyr
atg acc 2227
Met Thr
tgt gcc 2275
Cys Ala

725
gat tgt 2323
Asp Cys
740
ggc gag 2371
Gly Glu
aga gta 2419
Arg Val
gat cat 2467
Asp His
aaa gtt 2515
Lys Val

805
gaa ggt 2563
Glu Gly
820
agt gat 2611
Ser Asp
aaa acg 2659
Lys Thr
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gca gga tat aat ttg cte aat gtt ggc tta gat
Ala Gly Tyr Asn Leu Leu Asn Val Gly Leu Asp
855 860

cgt aat gtt gat tat acg ctg tca att cgt geg
Arg Asn Val Asp Tyr Thr Leu Ser Ile Arg Ala
870 875 880

gaa caa atc tac att cac aac tca ttt ttg ccg
Glu Gln Ile Tyr Ile His Asn Ser Phe Leu Pro
890 895
ggg cgt aat ctg act tta ggt ttg acg gct aaa
Gly Arg Asn Leu Thr Leu Gly Leu Thr Ala Lys
905 910

accatagctt caaatacatt tgatatcaag gacgatatca

ggcgttatct tgataaaagt tgggcgaatg

tat
Tyr
865

aat

Asn

ttt
Phe

ttt
Phe

aatgtatttg accaaagaag

aac
Asn

aat
Asn

gta
Val

tga

PCT/CA01/01221

aat gca tat
Asn Ala Tyr

tta ctt aat
Leu Leu Asn
885

ccg cag atg
Pro Gln Met
200

tagtacatcg

2707

2755

2803

2852

2912

2942
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Figure 50. Restriction enzyme analysis of the M. catarrhalis

heme receptor gene designated MCA101976

Dral
SmlI Msel MseI|

ATGCTCAAGTATCTTTTCTTATTAAATCATTGTTATTTTTTAAATATGCTATATAATAAT
TACGAGTTCATAGAAAAGAATAATTTAGTAACAATAAAAAATTTATACGATATATTATTA

Tsp509IL BsaJIl NlaIII
Msel | MnlT | BspHI |

| |

GTGCTTTATTTAATTATGTTATATCATAACCGAGGGTATCATGATAAAAAAACCACTTGT

CACGAAATAAATTAATACAATATAGTATTGGCTCCCATAGTACTATTTTTTTGGTGAACA

SfaNI
CviJgI|
HaelIII| AciI EarI
EaeI || MspA1lI SapI
MwoI| || Cac8I | Alul |
EcoRV || || MwoI MwoI| | Cvigl |
| 1] 11 | || | |
TTGTGCGATATCGGCCACCTTTGCGATGCCAGCGGTAGCAGATAATACCAAGCTGGGTGA
121 ~--------- Fom - Fo——m———-- Fm Fo-——————- Fmm - + 180

AACACGCTATAGCCGETGGAAACGCTACGGTCGCCATCGTCTATTATGGTTCGACCCACT

MboII Cac8I
HphI | AluT |
cvigdI | | Msel CvidI |

| | |

AGAGCCAACCACCACCTTAAAGGGTGTATTGGTAAGCTCGCAAACGAACCARAATACAGG
240

TCTCGGTTGGTGETGEAATTTCCCACATAACCATTCCGAGCGTTTGCTTGGTTTTATGTCC

TspRI

DpnI |
HinfI MboI || Msel
TfiI BsrI | || TspS09I |

TTTTGTATCTAATGATTCAAAACAATCCAGTGATCTTACGCTTTCAAAAGATAAATTAAA
241 ~-------- Fomm - Fom Femmmm Fommmemm Fmmmmmm + 300

AAAACATAGATTACTAAGTTTTGTTAGGTCACTAGAATGCGAAAGTTTTCTATTTAATTT

Bgadl Msel Alul Maelll
styl BsrDI| CcviJI  HphI |

| | l

ATATCGTTCGGCAACCTTGGGCAATGCGTTAAGTGGTGAGCTTGGTATTCATAGTAACCC
------ + 360

TATAGCAAGCCGTTCGAACCCETTACGCAATTCACCACTCGAACCATAAGTATCATTGGG
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Msel
BslI Hgal Af1II|
Bsgl |AciI CviRI MnlI MnlI | SmlI|

|1 | | | I

TTTTGETEGGCEGTTCATCTGCACCTGTTGTGCCGAGCGGCAAGAGGETGTGCGTCTTAAGAT

AAAACCACCGCCAAGTAGACGTGGACAACACGCTCCCGTTCTCCCACACGCAGAATTCTA

NlaIII

DpnI |
BclI | ]
MboT | |
I I

TTTACAAAATGGAACTGATGTGATTGATGTGTCATCAATATCGCCTGATCATGTTGTGGC
AAATGTTTTACCTTGACTACACTAACTACACAGTAGTTATAGCGGACTAGTACAACACCG

Hgal AluIl
BsiEI | CvidI

||

GACCGATACACTTTTAGCGTCTAAAGTTGAGCTTGTTCGTGCTGCTGATACGCTGTTATA
CTGGCTATGTGAAAATCGCAGATTTCAACTCGAACAAGCACCACGACTATGCGACAATAT

Alul
CvidJdI
MspAlI
PvuIll
SfaNT BciVvI
Cac8I | Asel Bst4CI  HinfI
Cvidr MwoI| | Msel BcgIl | TEiI

| |l | |

TGGCTTGGCATCGCCAGCTGGTGTCGATTAATGTTGTTGATGACCGTATCCCGAATCGTAT

541 --------- rmmmmm ommm e
ACCGAACCGTAGCGGTCGACCACACTAATTACAACAACTACTGGCATAGGGCTTAGCATA
SfaNT
BsSmAT |
NlaIIx BsmBI |
Bfal Begl | TagI || Taqgl

| | l | 11 |

GCCTAGTGGTGCTATCCATGACAAAATCGAAGGCGAGACGATGCTTCGATATAACACARA

CviRI
Cac8I |
Alul | |
CvidI | | PstI BsrDI
HindIII | | | CviRI | AluI DpnI |
NlaIII | % { iSch | | c©vig  Hphl MbOT ; i AciT
| |
CAACCATéAAAAGCTTGCAACTGCAGGGGTGAéCTTTGGéGTAGGAGATCGCATTGCGGT
661 --=------ Fommm - Fomemm - it Fmm e Fmmm + 720

GT'TGGTACTTTTCCAACGTTGACGTCCCCACTCGAAACCCCATCCTCTAGCGTAACGCCA
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MnlI
MseI | DpnI

MnlI cvidI | | CviJI BsaBI BslI MboI |

721

781

841

901

961

1021

| | 1| | l | | |

TCGGGTGGAGGGCTTAAAGCGAGAGGCTGATGACTATCAAGTTCCCCATTTTCAGGCAGA
AGCCCACCTCCCGAATTTCGCTCTCCGACTACTGATAGTTCAAGGGGTAARAGTCCGTCT

BstNI

ScrFI
NlaIII BssKI | MwoI
Nspl PspGI | CviRI Bst4CI  N1aIIT |

| | | | I L]

TCGCATGTTAGATTATGTGCCAGGTAGTGCAAATAACTCTACCGTTGGCATGATTGGCGT
AGCGTACAATCTAATACACGGTCCATCACGTTTATTGAGATGGCAACCGTACTAACCGCA

MslI
NlalIz| Bst4CI  Dpnl
BspHI || MslI cvigz | MboI |

|l l | |1

GTCTTATATTCATGATAATGGGCATATCGGTGCTTCTTATAGCCACCGTAAAGATCGTTA
CAGAATATAAGTACTATTACCCGTATAGCCACGAAGAATATCGGTEGCATTTCTAGCAAT

BstNI
ScrFI
BsaJI|
BsaJdI| |
BssKI] | CvigI
PspGI||BciVI BtsI TspRI |

N

TGGTATCCCAGGGCATATCCACTGCCGACAGCCAACGAGAGCATTTTATCAAATGGCATAA
ACCATAGGGTCCCGTATAGGTGACGCTGTCGGTTGCTCTCCGTAAAATAGTTTACCGTATT

HinfI
Tsp509T MnlI MnlI TfiI

I | | l

TATCACAAAATCCAATTATTATTTACCCATTTATCCTCATTTGATGGAGGATTCAGATAT
ATAGTGTTTTAGGTTAATAATAAATGGGTAAATAGGAGTAAACTACCTCCTAAGTCTATA

Aciz

Friu4HI MboII

MnlI | MslI |

BsaBI BsrDI | | BbsI | |

l

TGATGACAATCCTCATAcéciTTGéCGcCACAACCACGAAGACCATALCéGTGAGCATAA
--------- e s ST
ACTACTGTTAGGAGTATGCGTAACGGCEGTGTTGGTGCTTCTGGTATAGCCACTCGTATT

780

840

900

960

1020

1080
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BseSI
Bspl2861I
Cac8I
MslI |
BtgI | |
BsaJI | | |
BstDST | | | NlaIII BsaJl
Hphr| | | | BspHT { StyI
I

TCCCACGGGCGTGCCCATCAATCATGAACATCATTCGCCTTGGATTGATATGAAAACCAA

AGGGTGCCCGCACGGGTAGTTAGTACTTGTAGTAAGCGGAACCTAACTATACTTTTGGTT

BlpI

DdeI

BslI : Alur|

EcONI | CvidI|
CViJgT | MseI ||

MnlI HaeIll | ] Tsp509I | |

i |1 |1 1l

TCGCTACGACATTCGTGGCGAGGTATATCGGCCTATTCAAGGTTTGCGATAAAATTAAGCT

AGCGATGCTGTAAGCACCGCTCCATATAGCCGGATAAGTTCCAAACCTATTTTAATTCGA

MseI NlaIII
AluT | SfaNTI |
cvidgr | BspHI ||
HindIIT | | CviRI BsaBI | || Cac8I BsrDI

| 1| | |1 1l l |

AAGCTTAACTTATGCAGATTATTATCATGATGAAAAAGATGECTGGCAATGAGCAAGACCC

TTCGAATTGAATACGTCTAATAATAGTACTACTTTTTCTACGACCGTTACTCGTTCTGGG

AluI
CvidI
Cac8I |
Bael BaeI| |
BseMII DdeX Bst4CI NlaIII|]|

| | | L]

AAACAATCACAAACCTTCTGAGCGTCGATACAACGGTGCGATAAGGGTCATGCCAGCTCTAT
TTTGTTAGTGTTTGGAAGACTCGCACTATGTTGCCACCTATTCCCAGTACGGTCGAGATA

Msel

TTTTACAAAAAAAGGCGTTAATGGTCGCTTGCAGTTATATCATACACCGACCAAACGCTT

AAAATGTTTTTTTCCGCAATTACCAGCGAACCTCAATATAGTATGTGGCTGGTTTGCGAA
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MnlI
PstI
Fnu4HI |
CviRI| |
TseIl | BbvI
SfcIl |||  MwoI

| 111

ATCTGGGGTATTGGGTATTGGGTATCAAACCCARAAATCTGCAGCAGGAGAGGCGTATTT
1381 ~=---=--- fmmm oo fmmmmmm - R EETEEEE fmmmmmm - Fmmmmm o + 1440
TAGACCCCATAACCCATAACCCATAGTTTGGETTTTTAGACGTCGTCCTCTCCGCATARA

Alul
CvidIl CvidI Msel
GCCAAGCTATTTTCAATCAGAAGCAGAATGGCAAAAAGCCCAAAGTCAAAACATTAACCA
1441 -—------~ R Hmmmmmm - Hmmmmmmmm o Hmmmmm o dm + 1500
CGETTCGATAAAAGTTAGTCTTCGTCTTACCGTTTTTCGGETTTCAGTTTTGTAATTGGT

BsadJl
Styl
CvidI| SmlI
| |
ATATCGTCCTTACTTATTAGTTCCAAATACCAATAAAAGCCTTGGTATTTTTGGACTTGA
1501 --------- et R bt ommmm - R e dmmm o + 1560
TATAGCAGGAATGAATAATCAAGGTTTATGGTTATTTTCGGARACCATARAAACCTGARCT

Alul Hgal
CviJgI MseI | NlaIII
MwoI | SfaNI | BspHI |

GCAACTAAAGCTAAATCAAATGACTTTTAAGGTGECCGATGCGTCATGAAAGACAAARAAAC
1561 --------- Fomm T Frmmmmm o dommmmm - oo mmm - + 1620
CETTGATTTCGATTTAGTTTACTGAAAATTCCACCGCTACGCAGTACTTTCTGTTTTTTG

Mfel CviRI
Tsp5091 NlaIIX | Msel
ACCAATTGAATATGACCAGCATTTACTTGACCATGCTTIGCAGTATTTTTTAAGTAAAGC
1621 ---~----~ oo ommm - Hmm - gmmmmmmm o ommm oo + 1680
TGGTTAACTTATACTGGTCGTAAATGAACTGGTACGAAACGTCATAAAAAATTCATTTCG

BStF5I

FokI DpnI |
Alul | BclI || NlaIIT
Cvidr | MboI || NspI

| | | 11

ACAGCTAARAGCACCTGATCATCCTGATTTGACGACATATAAACAACATGCCACCTCTTA
1681 ---~------ R aial Fomm - o dmmmm e Fmommmm - + 1740
TGTCGATTTTCGTCGACTAGTAGGACTAAACTGCTGTATATTTGTTGTACGGTGGAGAAT

MwoTI Clar
MnlzI | Tagl
TGCTGETAGTGCCTTATGGGATATTACGCCAAATCATCGATTGTCATTGACCTACTCACA
1741 --------~ Frmmm— e L e fommm—m—— Fommm o + 1800
ACGACCATCACGGAATACCCTATAATGCGETTTAGTAGCTAACAGTAACTGGATGAGTGT
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Alul AluI
BsmT Cvigz CvidI
XmnI MwoI | AciI EciI |

| | |

TAACGAACGCATTCCATCGCCGATGGAGCTGTATTATCAAGGCGGACATTTGGCGACCAG
1801 --------- fm e gmmm e Hm - S dmmmmemoe + 1860
ATTGCTTGCGTAAGGTAGCGGCTACCTCGACATAATAGTTCCGCCTGTAAACCGCTGGTC

Alul
NlaIIl Tsp509I CviJdI
| | |
CTCTTTTGAGCATGGCAATAAAAACTTGGTCAAAGAAAAATCGGATAATTATGAGCTGGG
1861 --------- Hmmmmmem o bt R R S + 1920
GAGAAAACTCGETACCGTTATTTTTGAACCAGTTTCTTTTTAGCCTATTAATACTCGACCC

NsiI
CviRI | Alul Tsp5091
PpuloIl | | CvidgI Cacs8I Sfel
l | | |
TTTT*TéCATACAGCAGATAAAGTCAGCTATAAAGCAAGCACTTACTATAGCAATTTTGA
1921 --------- F-mmmmm—-- fom e Fomm - Fo--mm-—- e iaiabat + 1980
AAAATACGTATGTCGTCTATTTCAGTCGATATTTCGTTCGTGAATGATATCGTTAAAACT

Msel
BsaIl|
BsmAI | BsrDI Tsp5091 Hgal
|l | | I
TAACTATATTTTTAATGAGACCATTGCCAAAGAAGGCAATTTATACATCAGACGCTATAA
1981 --—------ o ———— fmmmmm oo N R R + 2040
ATTGATATAAAAATTACTCTGEGTAACGETTTCTTCCGTTAARATATGTAGTCTGCGATATT

DdeT
CvigI| MnlI Msel CvidI
TCAGACGACGGCTAAGTTTTATGGTGTGGAGGGTTCATTAACTTACCAGCCAAATGCCAA
2041 ---~----- Fommmmmm o e Fmmmm - R EE LT Fommmmm o + 2100
AGTCTGCTGCCGATTCAAAATACCACACCTCCCAAGTAATTGAATGGTCGGTTTACGGTT

TspRI
DraIII | HphI
Bst4CI | | CviRI|Tsp509I  CviRI Msel
| 1] || l |
TCACAGTGTGATGTTTTTTGGTGATATGGTGCAAGGTAAAATTGGTGCATTATCTGATAT
2101 -—-------- o Hmm e oo dmmmmmmm e Hmmmmmmmm o + 2160
AGTGTCACACTACAAAAAACCACTATACCACGTTCCATTTTAACCACGTAATAGACTATA

AluI
CvidI
HindIII | Cac8I EcoRV
| | |
TAAAGGTAAGCTTGTATATGCTGGCAGAAAGTGGGTTTATTTTGATGATGATATCAAGGA
2161 —--------~ e B bttt B e o + 2220
ATTTCCATTCGAACATATACGACCGTCTTTCACCCAAATAAAACTACTACTATAGTTCCT
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Bst4CI SfaNI HphI Msel

| ! | |

TATGACCGTTGATGATAATGGTGATTATGATGCCGATGGTGEGTTTGACTTGTGCCTTAAA

ATACTGGCAACTACTATTACCACTAATACTACGGCTACCACCAAACTGAACACGGAATTT

: Rsal
Msel Csp6I | Asel
Tsp509I | BsmFI TatI| | Msel

AACGCCTGAACAATGCGGGACAAATTAACGATAATAATGATTGTAGTACAACCATTAATGT

TTGCGGACTTGTTACCCCTGTTTAATTGCTATTATTACTAACATCATGTTGGTAATTACA

MnlI
Rsal Bsu36I | BseRI
Csp6I | DdeI | BseMII Bst4CI
Bst4CI]| | MnlI | MnlI | BsiEI|

|11 | ] | l

CTATAAAAACGGTACAACAACCTCAGGCGAGGAGGATTACGACCGTTTGGCACGAAATCC

GATATTTTTGCCATGTTGTTGGAGTCCGCTCCTCCTAATGCTGGCAAACCGTGCTTTAGG

BsmI
BglT
MwoI
BstXI |
AciI AciI | |
Rsal | Fnu4HI | |
csp6I| | cvigr] | |

I 1

AACTTACGCACCCAGAGTACCGCCCAGCCGCTTGGGCATTCGTTGGCAAGGGTATTTTGCG

TTGAATGCGTGEGGTCTCATGGCCGEGTCGGCGAACCCEGTAAGCAACCGTTCCCATAAAACC

DpnI Apol
BclI | Tsp5091
MboI | HphT CviRI |MseI N1aIII CviRI

| | | | 1 |

TGATCATTGGTCTGCCAATGCAGRAATTTAACCATGTGTTTGCACAAAATAAAGTTGCCAC

ACTAGTAACCAGACGGTTACGTCTTAAATTGGTACACAAACGTGTTTITATTITCAACGGTG

CvidI
Fnu4HI |
MnlI TseI| | HinfI
Bst4CI | Msel Tsp509I  MnlI|| | BbvI NlaIII |
l

I | |1 | ||

CTCAACGGTTGCCATTAAACCTCAATTCAAGCAGCCAGAAGGTTGCCAACGCCATGAGAG

GAGTTGCCAACGGTAATTTGGAGTTAAGTTCGTCGEGTCTTCCAACGGTTGCGGTACTCTC

2280

2340

2400

2460

2520

2580
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MwoI
HinfI | CvigT
TEiI | SfaNI Fnu4HI |
MlyI | | BtsI | CviRI| |
BsrDI PleI| | | Mwol TspRI | TseI| |

| I l | N

TCATTGCCGAATCAGCGACTATGGCAGTGATAACAACCCTTTGATGATGCAGCCAAGATA
AGTAACGGCTTAGTCGCTGATACCGTCACTATTGTTGGCGAAACTACTACGTCGGTTCTAT

Ddel PpulOI
BbvI Tsp5091 CviJT| Psil |

l l - | | l

TATCACAGAAAACAAAACGGCAGGATATAATTIGCTCAATGTTGGCTTAGATTATAACAA

ATAGTGTCTTTTGTTTTGCCGTCCTATATTAAACGAGTTACAACCGAATCTAATATTGTT

NsiI
CviRI | Tsp5091 Tsp5091 Msel

L] | |

TGCATATCGTAATGTTGATTATACGCTGTCAATTCGTGCGAATAATTTACTTAATGAACA

ACGTATAGCATTACAACTAATATGCGACAGTTAAGCACGCTTATTAAATGAATTACTTGT

AciIt
Rsal | Mwol
Csp6I| | BslI |

|11 ||

AATCTACATTCACAACTCATTTTTGCCGTTTGTACCGCAGATGGCGCCTARTCTGACTTT

Y3 e —— PR Hrmmm e S Fommmm e D +
TTAGATGTAAGTGTTGAGTAAAAACGGCARACATGGCGTCTACCCCGCATTAGACTGARA

Apol Rsal
Tsp5091 Csp6I]| AluIl
cvigrl | TatI||Taql Cvidgr ECORV

| N | |

AGGTTTGACGGCTAAATTTTGATAGTACATCGACCATAGCTTCARATACATTTGATATCA

2821 —-wmmm—m- Fmm e Fmmmmmmm fmmmm - Fmmmm Hmmmmmm oo +
TCCAAACTGCCGATTTAAAACTATCATGTAGCTGEGTATCGAAGTTTATGTAAACTATAGT

ECORV BslI

|

AGGACGATATCAAATGTATTTGACCAAAGAAGGGCGTTATCTTGATAARAGTTGGGCGAA

2881 ----=---- fmmmm e o fmm e N FUR - e +
TCCTGCTATAGTTTACATARACTGATTTCTTCCCGCAATAGAACTATTTTCAACCCGCTT

TG
2941 -- 2942
AC

2640

2700

2760

2820

2880

2940
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Figure 51. Sequence of M. catarrhalis ompC/heme receptor gene

designated MCA102062

taattacttg cttaaattgt atctcaactg attgtaattt ttcatatatg ttatataata 60

cttcaacaaa tgttatagta tatcatatat gaaggttacc atg ata aaa aaa ccg 115
Met Ile Lys Lys Pro
1 5

ctt gcc tgt gec ata ttg geca act ttt tca atg cca atg ctg gca gag 163
Leu Ala Cys Ala Ile Leu Ala Thr Phe Ser Met Pro Met Leu Ala Glu
10 15 20

geg aat tta aag gat aag cca acc gtc att tta gat gge gtt teg atc 211
Ala Asn Leu Lys Asp Lys Pro Thr Val Ile Leu Asp Gly Val Ser Ile
25 30 35

acc tct tta get gac caa aat aca gag ttt gge gtt aat cat tca aaa 259
Thr Ser Leu Ala Asp Gln Asn Thr Glu Phe Gly Val Asn His Ser Lys
40 45 50

aca gtc agt ggc atc aca gtt tca aaa gag caa cta caa caa cga gca 307
Thr Val Ser Gly Ile Thr Vval Ser Lys Glu Gln Leu Gln Gln Arg Ala
55 60 65

acc acc cta ggc gat gcc ttg gca ggt gag ctt gge gtt cat tet aac 355
Thr Thr Leu Gly Asp Ala Leu Ala Gly Glu Leu Gly Val His Ser Asn
70 75 80 85

cat ttt ggg ggc ggt gcc tca gec cce ate att cgt ggg cag gag ggt 403
His Phe Gly Gly Gly Ala Ser Ala Pro Ile Ile Arg Gly Gln Glu Gly
S0 95 100

aaa cgc ctg aaa atc cta caa aac ggt tca gag gtt gtg gac atg tct 451
Lys Arg Leu Lys Ile Leu Gln Asn Gly Ser Glu Val Val Asp Met Ser
105 110 115

ggg ttg tcg cca gac cat gce ata gcg gtg gac acc aca ctg gca aaa 499
Gly Leu Ser Pro Asp His Ala Ile Ala Val Asp Thr Thr Leu Ala Lys
120 125 130

cag gtg gag att gtg cga ggc tect ggt gee ttg ttg tac gecce tet gge 547
Gln Val Glu Ile Val Arg Gly Ser Gly Ala Leu Leu Tyr Ala Ser Gly
135 140 145

aac tca gca ggc gtg gtc aat gtc gtt gat gac aaa ata ccc agc aaa 595
Asn Ser Ala Gly Val Val Asn Val Val Asp Asp Lys Ile Pro Ser Lys
150 155 160 165

ttg ccc agc aaa tta caa ggt gat gtg acg gtg cgt ctt agc agt gcc 643
Leu Pro Ser Lys Leu Gln Gly Asp Val Thr Val Arg Leu Ser Ser Ala
170 175 180



WO 02/18595

aac
Asn

cat
His

aaa
Lys

gat
Asp
230

cca
Pro

gtt
Val

aaa
Lys

cat
His

tat
Tyr
310

ctt
Leu

cat
His

gat
Asp

ttt
Phe

cat
His
390

cgt
Arg

gtg
Val

acg
Thr
215

aac
Asn

gac
Asp

ggce
Gly

tat
Tyr

ggc
Gly
295

cct
Pro

gaa
Glu

gac
Asp

ttg
Leu

gct
Ala
375

cat
His

gaa
Glu

gca
Ala
200

cca
Pro

act
Thr

agc
Ser

aat
Asn

ggc
Gly
280

att
Ile

ttt
Phe

tgc
Cys

cac
His

aaa
Lys
360

ggc
Gly

gat
Asp

aaa
Lys
185

gtg
Val

cge
Arg

cag
Gln

cat
His

caa
Gln
265

ctg
Leu

tet
Ser

ttg
Leu

cat
His

gag
Glu
345

atg
Met

att
Ile

gag
Glu

tta
Leu

cgt
Arg

ttt
Phe

cca
Pro

gce
Ala
250

ggc
Gly

cece
Pro

cag
Gln

atg
Met

aca
Thr
330

cac

His

aag
Lys

gat
Asp

ata
Ile

atc
Ile

gtt
Val

gac
Asp

gaa
Glu
235

aaa
Lys

ttt
Phe

aac
Asn

tce
Ser

gaa
Glu
315

cat
His

gac
Asp

cgt
Arg

aaa
Lys

gat
Asp
395

acc
Thr

gca
Ala

cge
Arg
220

tte
Phe

tca
Ser

ttg
Leu

cat
His

gce
Ala
300

aat
Asn

gat
Asp

cac
His

tat
Tyr

atc
Ile
380

999
Gly

gce
Ala

999
Gly
205

cat
His

ate
Ile

aac
Asn

g99
Gly

tca
Ser
285

tta
Leu

gat
Asp

gac
Asp

gag
Glu

gat
Asp
365

cga

Arg

ggt
Gly
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agt
Ser
190

ctg
Leu

gte
val

tat
Tyr

gca
Ala

gca
Ala
270

cat

His

caa
Gln

gac
Asp

cac
His

cac
His
350

gtg
Val

gcc
Ala

gag
Glu

gcc
Ala

tcc
Ser

ttt
Phe

aaa
Lys

gga
Gly
255

tcg
Ser

gaa
Glu

tac
Tyr

tta
Leu

gac
Asp
335

gac

Asp

caa
Gln

agc
Ser

aag
Lys

gaa
Glu

aaa
Lys

aac
Asn

gac
Asp
240

acg
Thr

gtg
val

tat
Tyr

aag
Lys

gag
Glu
320

cac
His

cat
His

gg99
Gly

atg
Met

acc
Thr
400

gcc
Ala

caa
Gln

aaa
Lys
225

acc
Thr

ctt
Leu

agc
Ser

gaa
Glu

cca
Pro
305

ttt
Phe

gag
Glu

ggc
Gly

caa
Gln

ggc
Gly
385

agc
Ser

cca
Pro

gca
Ala
210

aaa
Lys

tta
Leu

ggc
Gly

tta
Leu

gaa
Glu
290

tat
Tyr

gac
Asp

cac
His

aaa
Lys

atc
Ile
370

aaa

Lys

ttt
Phe

ctg
Leu
195

gca
Ala

cat
His

aag
Lys

gtg
Val

cgc
Arg
275

tgt
Cys

ttg
Leu

aat
Asn

gac
Asp

cct
Pro
355

aat

Asn

gtg
val

ttt
Phe

PCT/CA01/01221
gga gag 691
Gly Glu
gac tat 739
Asp Tyr
gaa gat 787
Glu Asp
cat ctg 835
His Leu

245
tca tgg 883
Ser Trp
260
cga gac 931
Arg Asp
agc gtg 979
Ser Val
cgt ttg 1027
Arg Leu
gca ggg 1075
Ala Gly

325
cat gct 1123
His Ala
340
tgg att 1171
Trp Ile
gcg ccg 1219
Ala Pro
gat tat 1267
Asp Tyr
gat aat 1315
Asp Asn

405
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caa
Gln

ceyg
Pro

aaa
Lys

gac
Asp

ttt
Phe
470

gcc
Ala

gcc
Ala

gac
Asp

aaa
Lys

cce
Pro
550

aat
Asn

ttt
Phe

gat
Asp

ggc
Gly

gcc
Ala

atg
Met

aac
Asn

acc
Thr
455

tgg
Trp

gct
Ala

att
Ile

ata
Ile

caa
Gln
535

aaa
Lys

gect
Ala

gaa
Glu

ttg
Leu

tat
Tyr
615

aat
Asn

ggc
Gly

agc
Ser
440

caa
Gln

ttt
Phe

cge
Arg

tat
Tyr

cgc
Arg
520

acc
Thr

cat
His

cag
Gln

att
Ile

999
Gly
600

cat
His

gtg
Val

aag
Lys
425

gga
Gly

aac
Asn

gaa
Glu

att
Ile

cag
Gln
505

ttt
Phe

gca
Ala

aaa
Lys

gaa
Glu

ggc
Gly
585

ctg

Leu

tat
Tyr

tgg
Trp
410

ttt
Phe

ctt
Leu

atc
Ile

gaa
Glu

gag
Glu
490

agce
Ser

aaa
Lys

cgc
Arg

tta
Leu

ttg
Leu
570

aac

Asn

aca
Thr

gat
Asp

cgt
Arg

agc
Ser

gtg
Val

ttg
Leu

tac
Tyr
475

aaa
Lys

tta
Leu

cga
Arg

tect
Ser

tcg
Ser
555

tat
Tyr

cgc
Arg

ttt
Phe

ttt
Phe

ctg
Leu

999
Gly

cca
Pro

cac
His
460

aaa
Lys

caa
Gln

aac
Asn

ttg
Leu

tat

Tyr
540

ctg
Leu

gct
Ala

ttt
Phe

caa
Gln

gat
Asp
620

gaa
Glu

gtg
Val

cet
Pro
445

aat
Asn

cee
Pro

acc
Thr

tta
Leu

ctg
Leu
525

gct
Ala

aat
Asn

cac
His

tta
Leu

ggt
Gly
605

aac
Asn
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gcc
Ala

£ttt
Phe
430

cgt
Arg

aat
Asn

aat
Asn

atc
Ile

ggc
Gly
510

gac
Asp

gtt
Val

ctg
Leu

ggc
Gly

aac
Asn
590

gat
Asp

tat
Tyr

tca
Ser
415

g99
Gly

tat
Tyr

aaa
Lys

gac
Asp

acc
Thr
495

tta
Leu

agc
Ser

g99
Gly

tcg
Ser

atg
Met
575

aaa

Lys

aaa
Lys

gtg
Val

cat
His

gta
Val

gaa
Glu

acc
Thr

aag
Lys
480

atg
Met

gca
Ala

ggt
Gly

acg
Thr

cat
His
560
cac

His

gaa
Glu

tgg
Trp

ttt
Phe

acc
Thr

ggt
Gly

gat
Asp

aaa
Lys
465

ctg
Leu

gat
Asp

acc
Thxr

act
Thr

cat
His
545

caa
Gln

ctt
Leu

aaa
Lys

gat
Asp

tta
Leu
625

cce
Pro

tat
Tyxr

ggc
Gly
450

aca
Thr

acc
Thr

tat
Tyr

gct
Ala

tta
Leu
530

tta
Leu

gaa
Glu

gcc
Ala

tce
Ser

tat
Tyx
610

caa
Gln

att
Ile

cte
Leu
435

aat
Asn

ggc
Gly

gtt
Val

gat
Asp

cat
His
515

aac
Asn

caa
Gln

cgce
Arg

acc
Thr

aac
Asn
595

cgt
Arg

aca
Thr

PCT/CA01/01221
cat acg 1363
His Thr
420
acc tca 1411
Thr Ser
aaa caa 1459
Lys Gln
agt gtg 1507
Ser Val
gac gcc 1555
Asp Ala

485
aaa gac 1603
Lys Asp
500
gaa cca 1651
Glu Pro
cce aaa 1698
Pro Lys
tta acg 1747
Leu Thr
ctg cca 1795
Leu Pro

565
aac tcg 1843
Asn Ser
580
aac att 1891
Asn Ile
ctt ggg 1939
Leu Gly
ttg tcg 1287
Leu Ser
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cag
Gln
630

acc
Thr

aac
Asn

gat
Asp

acc
Thx

acg
Thr
710

gtt
Val

caa
Gln

gtg
Val

tcg
Ser

ttt
Phe
790

ttt
Phe

aatcaatata tgcttgtact aaactattat attgattaaa tgtgatattc attaaaaatc

tat
Tyr

gca
Ala

atc
Ile

tat
Tyr

gat
Asp
695

cca
Pro

aat
Asn

gat
Asp

aat
Asn

gtt
Val
775

gct
Ala

atg
Met

aag
Lys

cge

ggt
Gly

att
Ile
680

gcg
Ala

aga
Arg

gca
Ala

aaa
Lys

ttg
Leu
760

cag
Gln

cat
His

cte
Leu

caa
Gln

tat
Tyr

tat
Tyr
665

cgt
Arg

tat
Tyr

ctg
Leu

aat
Asn

ttg
Leu
745

999
Gly

gta
Val

gag
Glu

999
Gly

ggt
Gly

gaa
Glu
650

cag
Gln

ggc
Gly

ggc
Gly

cca
Pro

tgg
Trp
730

gcg
Ala

ctt
Leu

ttt
Phe

aca
Thr

gca
Ala
810

ttg
Leu
635

caa
Gln

att
Ile

aag
Lys

aac
Asn

cca
Pro
715

tca
Ser

aat
Asn

aac
Asn

ttt
Phe

ttt
Phe
795

aat
Asn

tgcattcaca attaaggaat t

cgt
Arg

gca
Ala

aat
Asn

ctc
Leu

cgt
Arg
700

aaa
Lys

999
Gly

ttt
Phe

tat
Tyr

aat
Asn
780

ttc
Phe

tte
Phe

ggc
Gly

gcg
Ala

gat
Asp

acc
Thr
685

cct
Pro

cgc
Arg

ttt
Phe

gaa
Glu

cag
Gln
765

gct
Ala

cca
Pro

aaa
Lys
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atg
Met

gcg
Ala

gta
Val
670

aat
Asn

ctc
Leu

ctt
Leu

ttg
Leu

cgc
Arg
750

cac

His

aac
Asn

gac
Asp

ttt
Phe

cgt
Arg

aaa
Lys
655

tat
Tyr

ttg
Leu

atc
Ile

ggc
Gly

gaa
Glu
735
cca
Pro

aag
Lys

aat
Asn

atg
Met

tga

815

cat
His
640

ttt
Phe

cat
His

cct
Pro

aaa
Lys

atg
Met
720

tat
Tyxr

acce
Thr

cca
Pro

cta
Leu

cca
Pro
800

gat
Asp

tat
Tyxr

gtg
Val

gac
Asp

cag
Gln
705

aaa
Lys

cge
Arg

cca
Pro

agc
Ser

tta
Leu
785

caa
Gln

aaa gac
Lys Asp

gga ttt
Gly Phe

gcg tta
Ala Leu
675

aaa aag
Lys Lys
690

cca gac
Pro Asp

tta acc
Leu Thr

cat acc
His Thr

gct cat
Ala His
755

cat caa
His Gln
770

aac gat

Asn Asp

atg ggg
Met Gly

PCT/CA01/01221
tta aaa 2035
Leu Lys

645
gat gtc 2083
Asp Val
660
ttt ggt 2131
Phe Gly
ggc aga 2179
Gly Arg
agt cat 2227
Ser His
gce aat 2275
Ala Asn

725
ttt aaa 2323
Phe Lys
740
aac ttg 2371
Asn Leu
gca ggc 2419
Ala Gly
aaa gtc 2467
Lys Val
cga aac 2515
Arg Asn

805

caaatcattt aactaaaggc

2565

2625

2646
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Figure 52. Restriction enzyme analysis of the M. catarrhalis

ompC/heme receptor gene designated MCA102062

Tsp5091
Tsp509T Msel | Tsp509T

I | |

TAATTACTTGCTTAAATTGTATCTCAACTGATTGTAATTTTTCATATATGTTATATAATA
ATTAATGAACGAATTTAACATAGAGTTGACTAACATTAAARAGTATATACAATATATTAT

BstEIT Cac8I

MaeIII  NlaIII AciI |
CTTCAACAAATGTTATAGTATATCATATATGAAGGTTACCATGATAAARARACCGCTTGC
61 -----=--- fommmm e Fommmmm - e ininke Fommmmm o —m—— +
GAAGTTGTTTACAATATCATATAGTATATACTTCCAATGGTACTATTTTTTTGGCGAACG

Dral

Msel |

BglI Cac8I ApoI ||

Mwol MnlI | Tsp509I ||

| | |
CTGTGCCATATTGGCAACTTTTTCAATGCCAATGCTGGCAGAGGCGAATTTARAGGATAA
121 -------~-~- - Frommm E il et Fommmmm—— Frmm e +
GACACGGTATAACCGTTGAAAAAGTTACGGTTACGACCGTCTCCGCTTARATTTCCTATT

DpnI
MboI | MnlI
Bst4CI Taql| | Alul |
Cvidgr | Hphl || | CvidgI |

| l |1l ||

GCCAACCGTCATTTTAGATGGCCTTTCGATCACCTCTTTAGCTGACCAARAATACAGAGTT
CGGETTGGCAGTAAAATCTACCGCAAAGCTAGTGGAGAAATCCGACTGGTTTTATGTCTCAA

SfaNI
Bst4CI |
Msel Bst4CI TspRI | ]

l I I | |

TGGCETTAATCATTCAAARAACAGTCAGTGGCATCACAGTTTCAAAAGAGCAACTACAACA

ACCGCAATTAGTAAGTTTTTGTCAGTCACCGTAGTGTCAAAGTTTTCTCGTTGATGTTGT

Bfal
AvrII|
BsaJI | BsaJI
styI| Styl Alul
SfaNI || BspMI | CviJI  HphI

|1l | |l

ACGAGCAACCACCCTAGCGCGATGCCTTGECAGGTGAGCTTGGCGTTCATTCTAACCATTT

TGCTCETTGGTEGGATCCGCTACGGAACCGTCCACTCGAACCGCAAGTAAGATTGGTARA

60

120

180

240

300

360
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CviJI
BbvCI
Bpulol
Ddel
Nlaiv |
BanI | | BseMII
BslI AciI | | | MnlI |Mnlz
l Il | |

TAGEEECEETGCCTCAGCCCCCATCATTCGTGGGCAGGAGCGGTARACGCCTGAAAATCCT

ACCCCCGCCACGGAGTCCEGEGGTAGTAAGCACCCETCCTCCCATTTGCGGACTTTTAGGA

NlaIII

NspI BstXI

Bst4cCI AF1TIT | AciI |
MnlI| Pcil | NlaIII MslI |

| I | | |

ACAAAACGGTTCAGAGGTTGTGGACATEGTCTGGGTTGTCGCCAGACCATGCCATAGCGGT
TETTTTGCCAAGTCTCCAACACCTGTACAGACCCAACAGCGGTCTGGTACGGTATCGCCA

BsrI NlaIv Rsal
TspRI MnlI CviJdI BanI | Csp61I |

l I |

GGACACCACACTGGCAAAACAGGTGGAGATTGTGCGAGGCTCTGGTGCCTTGTTGTACGC
CCTGTGGTGTGACCGTTTTGTCCACCTCTAACACGCTCCGAGACCACGGAACAACATGCG

DdeI
MnlI Cac8I BseMII Tsp5091

! I I I

CTCTGGCAACTCAGCAGGCGTGETCAATGTCGTTGATGACAAAATACCCAGCARATTGCC

GAGACCGTTGAGTCGTCCGCACCAGTTACAGCAACTACTGTTTTATGGGTCGTTTAACGG

Asel
Msel
Tsp509I |
MaeIIl AhdI Bst4CI |
Tsp45I1  HphI| BtsI | |
Tsp5091 Hgal |Bst4CI|| Ddel TspRI | HphI| |

I | | |11 | | .

CAGCAAATTACAAGGTGATGTGACGGTGCGTCTTAGCAGTGCCAACCGTGAAAAATTAAT

GTCGTTTAATGTTCCACTACACTGCCACGCAGAATCGTCACGCTTGGCACTTTTTAATTA

BsrI CviRI
BsrI CviJI TspRI NlaIII BtsI |
AciI | TspRI | BmrI | NspI TspRI |cvigr

|| | | | | o

CACCGCCAGTGCCGRAGCCCCACTGGGAGAGCATGTGGCAGTGCGTGTTGCAGGGCTGTC

GTGGCGGTCACGECTTCGGGETEGACCCTCTCATACACCGTCACGCACAACGTCCCGACAG
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Fnu4HT AciI NlaIII
TseI| BbvI MwoI|DrdI |Msel

| I I

CAAACAAGCAGCAGACTATAAAACGCCACGCTTTGACCGCCATGTCTTTAACAAAAAACA

GTTTGTTCGTCCTCTGATATTTTGCGGTGCCGAAACTGGCGGTACAGAAATTGTTTTITTGT

Apol
EcoRI
Tsp509I
cvidr |
MslI DdeI | [
N1laIII| MboII] | |BseMIT Msel SfaNI

| I l l I

TGAAGATGATAACACTCAGCCAGAATTCATCTATAAAGACACCTTAAAGCATCTGCCAGA
ACTTCTACTATTGTGAGTCGGTCTTAAGTAGATATTTCTGTGGAATTTCGTAGACGGTCT

N1laIII CvidI
CvidI | NlaITII MwoI |

I | | ||

CAGCCATGCCAAATCAAACGCAGGAACGCTTGECGTATCATGGGTTGEGCAATCAAGGCTT

GTCGGTACGGTTTAGTTTGCGTCCTTGCGAACCGCACAGTACCCAACCGTTAGTTCCGAA

BsmAI
Alul | Cac8I MslI
CvidI | cvigl | N1aIIT|
SfaNI| |HphI HaeIII | MslI ||

ol || | |

TTTGGGGGCATCGCTGAGCTTACGCCCGAGACAAATATGGCCTGCCCAACCATTCACATGA

EciI
N1laIII |
MwoI | |
cviRI | | |
Cac8I | | | |
MboII | | | | Ddel Acil BseMII  CviJI Mwol
| I | | I |
ATATGAAGAATGTAGCGTGCATGGCATTTCTCAGTCCGCCTTACAATACAAGCCATATTT

961 ~-------- Fomm oo e iy tommmm B adaiada B i + 1020
TATACTTCTTACATCGCACGTACCGTAAAGAGTCAGGCGGAATGTTATGTTCGGTATAAA

CvidI
Bcivi DdeI CviRI |

GCGTTTGTATCCTTTTTTGATGGARAATGATGACTTAGAGTTTGACAATGCAGGECTTGA
1021 --=-=-==- oo m e e b m e gmmmmmmm pmmm - + 1080
CGCAAACATAGGAAAAAACTACCTTTTACTACTGAATCTCAAACTGTTACGTCCCGAACT
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BsiHKAT
Bspl286T
BssSI
NlaIII
BspHI
Ms1lI
NlaIII|
MslI ||
NlaIIl BsiHKAT | |
MslT | Bspl286I | |
BsmI | | BssSI | I
| l l | I
ATGCCATACACATGATGACCACGACCACGAGCACGACCATGCTCATGACCACGAGCACGA
1081 --------- Fommm o ommmmm o Fommm oo Fommmmmm s et + 1140

TACGGTATGTGTACTACTGGTGCTGGTGCTCGTGCTGEGTACGAGTACTGGTGCTCGTGCT

NlaIII

Btgl

BsaJI

BstDSI

NcoI

StyI

Ms1I|

BsiHKAI ||
Bspl2861 |

BssSI | StyI CviRI

|

I | I I

| BsaJl
CCACGAGCACGACCATGGCAAACCTTGGATTGATTTGAAAATGAAGCGTTATGATGTGCA

GGTGCTCGTGCTGGTACCGTTTGGAACCTAACTAAACTTTTACTTCGCAATACTACACGT

Cac8I
Hhal  BslI | Cac8I
HinP1I |MwoI | | CviJI |NlaIII

[T || l

AGGGCAAATCAATGCGCCGTTTGCTGGCATTGATAAAATCCGAGCCAGCATGGGCAAAGT

TCCCGTTTAGTTACGCGGCAAACGACCGTAACTATTTTAGGCTCGGTCGTACCCGTTTCA

MboII

Nlariz Alul |

MslI | cvidIl |
BspHI | | BbsI | | Ccvidr
BsaBI | | | HphI | | Hgal

I o |

GGATTATCATCATGATGAGATAGATGGGGGTGAGAAGACCAGCTTTTTTGATAATCARGC

CCTAATAGTAGTACTACTCTATCTACCCCCACTCTTCTGETCGAAAAAACTATTAGTTCG

BsaHI AciI
BslI | MwoI |
PEIMI | CvidT MnlI Faul | |

| l I I

CAATGTGTGGCETCTGGAAGCCTCACATACCCCCATTCATACGCCGATGGGCARGTTTAG

GTTACACACCGCAGACCTTCGGAGTGTATGGGGGTARGTATGCGGCTACCCGTTCAARTC
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AciI
MspAlI
MnlI |

| |

HphI

CGGEECTETTTGEGEGTAGCGTTATCTCACCTCAAAAAACAGCGGACTTEGTGCCACCTCGTTA

MnlI

GCCCCACAAACCCCATCCAATAGAGTGGAGTTTTTTGTCGCCTGAACACGGTGGAGCAAT

MboIT CviRI

| | |

TGAAGATGGCAATAAACAAGACACCCAAAACATCTTGCACAATAATAAAACCAAAACAGG

Cacs8I

GTCACACAAAACCAAACTTCTTATGTTTGCGETTACTATTCGACTGGCAACTGCGEGCGGCG

DdelI I

ACTTCTACCEGTTATTTGTTCTGTGGGTTTTGTAGAACGTGTTATTATTTTGGTTTTGTCC

BsrBI

Hgal

AciI

Fnu4HI

AciT

Fnu4HI

BsaHI |

HincII | |

Bst4CI | | |

BtsI Alul |1 ]
TsSpRI MboIl CviJI | 11 |

o | R

CAGTGTCGTTTTGCTTTGAAGAATACAAACCCAATGACAAGCTGACCGTTGACGCCGLCCGL

NlaIII

Btgl

BstXI

BsaJT|

BStDSI |

NcoI|

StyI|

HphI MslI| | BsaHI

| I 111 | |

Msel
Alul |
Hgal CvidI |

|1

TCGCATTGAGAAACAAACCATCACCATGGATTATGATAAAGACGCCATTTATCAGAGCTT

AGCGTAACTCTTTGTTTGGTAGTGGTACCTAATACTATTTCTGCGGTAAATAGTCTCGAA

NlaIIIl
BspHI |
BsrBI | |
AciT | | |

LIl

BlpI
DdelI

CvigI| AciI

MspAlI

DralI
MseI|

AAACTTAGGCTTAGCAACCGCTCATGAACCAGACATACGCTTTAAACGATTGCTGGACAG

TTTGAATCCGAATCGTTGGCGAGTACTTGEGTCTGTATGCGARATTTGCTAACGACCTGTC
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Rsal Dral Cac8I Tsp5091
Csp6I|MseI| AciT | Hgall

A | |

CGGTACTTTAAACCCCAAAAAACARACCGCACGCTCTTATGCTGTTGGGACGCATTTACA
GCCATGAAATTTGGGGTTTTTTGTTTGGCGTGCGAGAATACGACAACCCTGCGTAAATGT

Msel HinfTI Cac8I BpuloI
BsmFI | Tsp509T TEiT SfaNI | DdeI

| | | | l

ATTAACGCCCAAACATAAATTATCGCTGAATCTGTCGCATCAAGAACGCCTGCCARATGC
1741 ---=--u-- R fmm e fmmmm e oo R + 1800
TAATTGCGGGTTTGTATTTAATAGCGACTTAGACAGCETAGTTCTTGCGGACGGTTTACG

CviRI
NlaIII
NspI
SphI
Tsp509I  BseMIT Cac8I | Tsp5091 AciT

l l | | l l

TCAGGAATTGTATGCTCACGGCATGCACCTTGCCACCAACTCGTTTGAAATTGGCAACCG
AGTCCTTAACATACGAGTGCCGTACGTGGAACGGETGGTTGAGCAAACTTTAACCGTTGGC

Dral
MselI | CviJI

CTTTTTAAACAAAGAAAAATCCAACAACATTGATTTGGGGCTGACATTTCAAGGTGATAA
GAAARATTTGTTTCTTTTTAGGTTGTTGTAACTAAACCCCGACTGTARAGTTCCACTATT
HphI CvigT

ATGGGATTATCGTCTTGEGGGCTATCATTATGATTTTGATAACTATGTGTTTTTACAAAC

TACCCTAATAGCAGAACCCCCGATAGTAATACTAAAACTATTGATACACAAARATGTTTG

NlaIII

BspHI

NlaIII |

NspI |

Hgal SphI |

BStAPI| Cac8I | |
Mwol MonI MwoI| | | MseI  AciI
| I l |

ATTGTCGCAGTATAAGCAAGGTTTGCGTGGCATGCGTCATGATAAAGACTTARAAACCGC

TAACAGCGTCATATTCGTTCCAAACGCACCGTACGCAGTACTATTTCTGAATTTTTGGCG
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BbvI

ApolI

Tsp5091

Fnu4HI |

AciI| [

MSpA1I | |
FnudHI || | Asel
Cac8I TseI| || | HincII Msel

| I l |

TGCGATACTTGTTCGTCGCCGCTTTAAAATACCTAAACTACAGTTGTAGCCAATAGTCTA

Tsp5091

Alul |

CviJdT |

Cac8I | |

HOT | | (

BsaBI NlaIII HphI | | ] |

L1 1 |

TAATGATGTATATCATGTGGCGTTATTTGGTGATTATATTCGTGGCAAGCTCACCAATTT

ATTACTACATATAGTACACCGCAATAAACCACTAATATAAGCACCGTTCGAGTGGTTARAA

CviJgIl
SfaNI Bst4CI Mnli |

l ||

GCCTGACARARAGGGCAGAACCGATGCGTATGGCAACCGTCCTCTCATCAAACAGCCAGA
CGGACTGTTTTTCCCGTCTTGGCTACGCATACCGTTGGCAGGAGAGTAGTTTGTCGGTCT

Msel
BsaJl  Tsp509I |
Bst4CI MwoI StyI NlaIII| |AciI Msel

| l | .

CAGTCATACGCCAAGACTGCCACCAAAACGCCTTGGCATGAAATTAACCGCCAATGTTAA
GTCAGTATGCGETTCTGACGETGGTTTTGCGGAACCGTACTTTAATTGGCGGTTACAATT

Tsp5091 Dral Apol
CviRI | MseI|  Tsp509I Tsp509I

|| | I |

TGCAAATTGGTCAGGGTTTTTGGAATATCGCCATACCTTTAAACAAGATAAATTGGCGAA

ACGTTTAACCAGTCCCAAAAACCTTATAGCGGTATGCGAAATTTGTTCTATTTAACCGCTT

Msel
Alul Apol CvidI |
CviJl Tsp509T HphI |

\ I

TTTTGAACGCCCAACCCCAGCTCATAACTTGGTCGAATTTGGGGCTTAACTATCAGCACAA

AAAACTTGCGGGTTGGGCTCGAGTATTGAACCACTTAAACCCCGAATTGATAGTCGTGTT



WO 02/18595 PCT/CA01/01221

1757189

CcvidI CvigI
CvidI | Cac8I | MseI Msel

| | |

GCCAAGCCATCAAGCAGGCTCGGTTCAGCTATTTTTTAATGCTAACAATCTATTAAACGA
CGGTTCGETAGTTCGTCCGAGCCAAGTCCATAAARAATTACGATTGTTAGATAATTTGCT

NlaIrIT
BspHI | NlaIIl
BsmAI | | NspI  BslI

Pl .

TAAAGTCTTTGCTCATGAGACATTTTTCCCAGACATGCCACAAATGGGGCGAAACTTTAT
ATTTCAGAAACGAGTACTCTGTAAAAAGGGTCTGTACGCTGTTTACCCCEGCTTTGAAATA

ApoI
Tsp5091
ApoI \
Aval Tsp509T [ Msel Tatl

| | |

GCTCGGGGCARAATTTCAAATTTTGACAAATCATTTAACTAAAGGCAATCAATATATGCTT
CGAGCCCCGTTTAAAGTTTAAAACTGTTTAGTAAATTGATTTCCGTTAGTTATATACGAA

Msel

Tsp509I |

Rsal BsmI I
Csp61I| MseT Msel CviRI |

GTACTAAACTATTATATTGATTAAATGTGATATTCATTAAAAATCTGCATTCACAATTAA
CATGATTTGATAATATAACTAATTTACACTATAAGTAATTTTTAGACGTAAGTGTTAATT

Tsp509T

2460

2520

2580

2640
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Figure 53. Sequence of M. catarrhalis porin gene designated

MCA102070

gcatagatga aactcaggct aaaagttcag cgataagcca aacttgatgg ctgaaaatct 60

atgataacca acctaggaaa cttcaatcaa ggagagatgt atg aaa gca caa ttt 115
Met Lys Ala Gln Phe
1 5

aca acc cta aaa gtc atc ggc gga cta ttt gta ggt ggc atg atg cta 163
Thr Thr Leu Lys Val Ile Gly Gly Leu Phe Val Gly Gly Met Met Leu
10 15 20

aat gca cat gca gca cct gaa tta tat ggt tac gca aat ctt gtc gtt 211
Asn Ala His Ala Ala Pro Glu Leu Tyr Gly Tyr Ala Asn Leu Val Val
25 30 35

tect gct aat cat aaa aaa aca acc aac aag aca acc -aat gtc agt aca 259
Ser Ala Asn His Lys Lys Thr Thr Asn Lys Thr Thr Asn Val Ser Thr
40 45 50

tca aca aca gac cgc ccc tat ctg tat agc agc gga tca cgc att ggc 307
Ser Thr Thr Asp Arg Pro Tyr Leu Tyr Ser Ser Gly Ser Arg Ile Gly
55 60 65

ctt aga ggg tct gaa aag tta aat gat gat tat gag gtt ttg tac aag 355
Leu Arg Gly Ser Glu Lys Leu Asn Asp Asp Tyr Glu Val Leu Tyr Lys
70 75 80 85

ttg gag tac cgt cta gaa aat gat ggt gat tta cgc aat gaa aaa atc 403
Leu Glu Tyr Arg Leu Glu Asn Asp Gly Asp Leu Arg Asn Glu Lys Ile
90 95 100

aag cag cca gat ggt act gaa aag act gtt gct aaa aca cgc aat ttt 451
Lys Gln Pro Asp Gly Thr Glu Lys Thr Val Ala Lys Thr Arg Asn Phe
105 110 115

gag gct cgt gat tca tgg att gge gtg aag cat aaa aag tat ggt acc 499
Glu Ala Arg Asp Ser Trp Ile Gly Val Lys His Lys Lys Tyr Gly Thr
120 125 130

atc aag gcg ggt cgt atg ttg tct ttg gat cca tat gtg cgt tat act 547
Ile Lys Ala Gly Arg Met Leu Ser Leu Asp Pro Tyr Val Arg Tyr Thr
135 140 145

gce tat ttg gecg tca gge gta gat ggg gtg cgt acc aat aat acc att 595
Ala Tyr Leu Ala Ser Gly Val Asp Gly Val Arg Thr Asn Asn Thr Ile
150 155 160 165

gca tac gaa tca cca aaa atc aaa gat gtt agt ttt cag gcg atg tac 643
Ala Tyr Glu Ser Pro Lys Ile Lys Asp Val Ser Phe Gln Ala Met Tyr
170 175 180
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atc
Ile

tca
Ser

tat
Tyx

act
Thr
230

ggt
Gly

aat
Asn

. aaa
Lys

aaa
Lys

tct
Ser
310

tac

Tyr

gta
Val

tta
Leu

ttg
Leu

gcc
Ala
215

gcg
Ala

ggt
Gly

aat
Asn

tgg
Trp

aag
Lys
295

aaa

Lys

gca
Ala

tat
Tyxr

gat
Asp

ctt
Leu
200

tat
Tyr

cgt
Arg

atc
Ile

aca
Thr

act
Thr
280

ggc
Gly

aat
Asn

aca
Thr

ttt
Phe

gaa
Glu
185

gtc
Val

ttt
Phe

gtg
val

tat
Tyx

gaa
Glu
265
cat
His

gat
Asp

gtc
val

gaa
Glu

taa

345

aat
Asn

aag
Lys

ggt
Gly

aca
Thr

cag
Gln
250

caa
Gln

acc
Thr

999
Gly

tct
Ser

aaa
Lys
330

aaa
Lys

aaa
Lys

aaa
Lys

ggt
Gly
235

cat
His

gct
Ala

gca
Ala

ttt
Phe

gca
Ala
315

gaa
Glu

gag
Glu

aac
Asn

gca
Ala
220

aat
Asn

gtc
Val

gtt
Vval

cac
His

gag
Glu
300

ggc
Gly

tct
Ser

aca
Thr

aca
Thr
205

aaa
Lys

tat
Tyr

ggc
Gly

ggc
Gly

atg
Met
285

ctg
Leu

atg
Met

tac
Tyr

177/189

gat
Asp
190

gat
Asp

acc
Thr

aaa
Lys

tat
Tyr

gtg
Val
270

aat

Asn

atc
Ile

gat
Asp

atc
Ile

acc
Thr

aca
Thr

tct
Ser

att
Ile

gce
Ala
255

gct
Ala

ctt
Leu

gga
Gly

atc
Ile

aac
Asn
335

att
Ile

tat
Tyxr

tat
Tyr

aat
Asn
240
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Gly Tyr
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aac tat 787
Asn Tyr
aaa gta 835
Lys Val

245
gce aaa 883
Ala Lys
260
aaa gac 931
Lys Asp
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Ser Gly
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Asp Ile
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325
gcg act 1123
Ala Thr
340

ccaattcatt gttggttaat taagtaagat gtgataaagt

1175

caatttacga caaggcgaca gattgccaat ctactcaata aaagtaccac aatgaaaaac 1235
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Figure 54. Restriction enzyme analysis of the M. catarrhalis

porin gene designated MCA102070

CviJgl
DdeI | BseMII CvidI Cvidr

| | |

GCATAGATGARACTCAGGCTAAAAGTTCAGCGATAAGCCAAACTTGATGGCTGAAAATCT

CGTATCTACTTTGAGTCCGATTTTCAAGTCGCTATTCGGTTTGAACTACCCGACTTTTAGA

Bfal
AvrII|
BsaJdI|
StyT| Tsp509I

ATGATAACCAACCTAGGAAACTTCAATCAAGGAGAGATGTATGAAAGCACAATTTACAAC
TACTATTGGTTGCGATCCTTTGAAGTTAGTTCCTCTCTACATACTTTCGTGTTAAATGTTG

Fnu4HI
CviRI|
Mwol |
NlaIII|
EciI NspI |
AciI SfaNI | NlaIII CviRI TseI|AlwNI

|| l | N

CCTAAAAGTCATCGGCGCGACTATTTGTAGGTGGCATGATGCTARATGCACATGCAGCACC

GGATTTTCAGTAGCCGCCTGATARACATCCACCGTACTACGATTTACGTGTACGTCGTGG

BbvI
Tsp5091 |MaeIIX

|

TGAATTATATGGTTACGCARATCTTGTCGTTTCTGCTAATCATARAAAAACAACCAACAA

ACTTAATATACCAATGCGTTTAGAACAGCAAAGACGATTAGTATTTTTTTGTTGGTTGTT

BbvI
MwoI

Dpnl

MpboI |

AciI | |

Rsal MspAlI | |
Csp61I]| FnudHI | |

TatI] | AcilI Tsel| | | |

|

| NN

GACAACCAATGTCAGTACATCAACAACAGACCGCCCCTATCTGTATAGCAGCGGATCACG

CTGTTGETTACAGTCATGTAGTTGTTGTCTGGCCGEEGEGATAGACATATCGTCGCCTAGTGC
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Ddel
CvidI | Rsal
HaeIII | Csp61I]|
MnlI| | BsrGI| |
Alwl || | MseI MnlI TatI]| |
l

|1l l | o 1]

CATTGGCCTTAGAGGGTCTGAAAAGTTAAATGATGAT TATGAGGTTTTGTACAAGTTGGA

GTAACCGGAATCTCCCAGACTTTTCAATTTACTACTAATACTCCAAAACATGTTCAACCT

Bfal
Xbal|
Bst4cCI || CvidI BbvI
Rsal | || BsrDI FnudHI | Rsal
cspex| | || HphI | TseI| | CspéI]
]l l | Il | |
GTACCGTCTAGAAAATGATGGTGATTTACGCAATGAAAAAATCAAGCAGCCAGATGGTAC
361 -=~------ dommm e R it Fommmm o tommmmm - + 420

CATGGCAGATCTTTTACTACCACTAAATGCGTTACTTTTTTAGTTCGTCGGTCTACCATG

HinfI

MnlI BssSI |
Bst4CI Tsp509I CvigI| TfiIl NlaIII

I l

TGAAAAGACTGTTGCTAAAACACGCAATTTTGAGGCTCGTGATTCATGGATTGGCGTGAA

ACTTTTCTGACAACGATTTTGTGCGTTAARACTCCGAGCACTAAGTACCTAACCGCACTT

Faul
KpnI

NlaIv | DpnI

Rsal | NlaIVv

Csp6I| | BamHI |
Acc651|]| | BstYI | AlwI
BanI|| | AciI AlwI MboI |NdeI |
1] | l L1

GCATAAAAAGTATGGTACCATCAAGGCGEGTCGTATCTTGTCTTTGGATCCATATGTGCG

CGTATTTTTCATACCATGGTAGTTCCGCCCAGCATACAACAGAAACCTAGGTATACACGC

BsaHI HphT
Bgll | Rsal CviRI|
Hgal MwoI | Cspé6I| BsrDI |

| | | | | |

TTATACTGCCTATTTGGCGTCAGGCGTAGATGGGGTGCETACCAATAATACCATTGCATA

AATATGACGGATAAACCGCAGTCCGCATCTACCCCACGCATGGTTATTATGGTAACGTAT

BsaBI

Rsal

Csp61I |

HinfI BsrGI| |
TELT TatI|| Ddel BsmAl

CGAATCACCAARAAATCAAAGATGTTAGTTTTCAGGCGATGTACATCTTAGATGAAAATAA

GCTTAGTCCTTTTTAGTTTCTACAATCAARAGTCCGCTACATETAGAATCTACTTTTATT
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DpnI
MboI | BsrDI

| l

AGAGACAGATACCATTGATCGTGATGGTTATTCATTGCTTGTCAAGAAAAACACAGATAC
TCTCTGTCTATGGTAACTAGCACTACCAATAAGTAACGAACAGTTCTTTTTGTGTCTATG

BstAPI

MwoT

Alul |

cvigI |

Fnu4HI | |

CviRI| | |

TseI| | | BbvI Bsgl MnlI Msel

1] | | l |
ATATAATGTTGGTGCAGCTTATGCCTATTTTGGTAAAGCAAARACCTCTTATGGCAAGAT

721 --------- R R Hommmmmm Rt b Fommmmmme +
TATATTACAACCACGTCGAATACGGATAAAACCATTTCGTTTTTGGAGAATACCGTTCTA

MaeIIll Asel
Tsp45T Msel
BstUI | MnlI |
Hhal | Tsp509I| |

HinP1I | | Tsp509I PsiI || | PsilI

|1 I |11

TAACTATACTGCGCGTGTGACAGGTAATTATAAAATTAATGAGGATTATAAAGTAGGTGG
78L --------- tFommmmom - R S T e O +
ATTGATATGACGCGCACACTGTCCATTAATATTTTAATTACTCCTAATATTTCATCCACC

CviJdI
NlaIII | TspRI Alur
NspI | Bst4cI | CvidI

TATCTATCAGCATGTCGGCTATGCCAATGACGACAGTGCCAAAAATAATACAGAACAAGC
841 -------=- tommmmm oo R R Fmmmmm e T +
ATAGATAGTCGTACAGCCGATACGETTACTGCTGTCACGEGTTTTTATTATGTCTTGTTCG

MlyT

Plel
Frnu4HI BbvI | HinfI
CviRI| Dral | | NlaIII
CviJI TseI| MseI| | | HinfI AciI Tfil

. I I | |

TGTTGGCEGTGGCTTTGCAGCATTTTAAAGACAAATGGACTCATACCGCACACATGAATCT
901 --------~ tommm tomm e e it o mmmm - e et +
ACAACCGCACCGAAACGTCGTAAAATTTCTGTTTACCTGAGTATGGCGTGTGTACTTAGA

DpnI
MboI
Alur | | mMfel
Bfal Cvidl | |Tsp509I Bst4Cl

TGTGAATAATCCTAGTGGCGAARBAGGGCGATGGETTTGAGCTCGATCGGAGCAATTGACCG

961 --------- Fommmm - Fommmmmm e i e Fommm o +
ACACTTATTAGGATCACCCTTTTTCCCGCTACCCARACTCGACTAGCCTCGTTAACTGGC

720

780

8490

200

960

1020



WO 02/18595 PCT/CA01/01221

1817189

ECORV

NlaIII

HphT
Cac8I |
PstI |
CviRI | |
BsmAI| | |
sfer|| | | MaeIII  Mgel

IR | |

TGATATTTCTAAAAATGTCTCTGCAGGCATGGATATCACCTATGGTAACTTTAACTACGC

ACTATAAAGATTTTTACAGAGACGTCCGTACCTATAGTGGATACCATTGARATTGATGCG

HinflI Tsp509T
TEiI Bst4CI Msel

I I I

AACAGAAAAAGAATCTTACATCAACCCAACTATCTATGCGACTGTATATTITTTAACCAAT
TTETCTTTTTCTTAGAATGTAGTTCGGGTTGATAGATACGCTGACATATAAAAATTGGTTA
Msel
PacT

Tsp509T |
XemI MseI| | Tsp5091

I ol |

TCATTGTTGETTAATTAAGTAAGATGTCGATAAAGTCAATTTACGACAAGGCGACAGATTG
AGTAACAACCAATTAATTCATTCTACACTATTTCAGTTAAATGCTGTTCCGCTGTCTAAC

Rsal
Cspé61I |

CCAATCTACTCAATAARARGTACCACAATGAAAAAC

. GGTTAGATGAGTTATTTTCATGGTGTTACTITTTG
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Genomic DNA--PCR with 5* and 3' primers
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Figure 56. Purification under Native conditions

20 ml of Supernatant 1

Mixed with 1 ml of Ni-NTA agarose equilibrated with 50 mM Tris-HClI,
pH 8.0

i 1 hour at 49C

Collect run-through plus 2 ml Tris-HCl wash

v

Wash with 50 mM Tris-HCl, pH 8.0, containing 0.3 M NaCl, 3 x 5 ml

Elute with 50 mM Tris-HCl, pH 8.0 containing 0.3 M NaCl and 250 mM
imidazole
1 ml/fraction, total 5

'

Combine fractions containing desired protein
Dialyze against PBS
Sterile filter
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Figure 57: Purification under Denaturing conditions

5 ml of Supernatant 2

'

Mix with 1 ml of Ni-NTA agarose equilibrated with 0.1 M NaPO4,
containing 8 M urea, pH 8.0

¢ 1 hr at room temperature

Collect run-through plus 2 ml of wash with above buffer

v

Wash with 0.1 M NaPOs, containing 8 M urea, pH 6.3, 3 X 5 ml

'

Elute with 0.1 M NaPQOg4, containing 8 M urea, pH 4.5
2 ml/fraction collected into 0.2 ml of 0.5 M NaPO4, pH 8.0

Combine fractions containing desired protein
Dialyze against PBS
Sterile filter
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