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Abstract

The present invention relates to polypeptides of Pseudomonas aeruginosa

which may be used to prevent, diagnose and/or treat Pseudomonas aeruginosa

infection.
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POLYPEPTIDES OF PSEUDOMONAS AERUGINOSA

This application is a division of Canadian Application Serial No. 2,466,474
filed November 13, 2002 (parent application).

It should be understood that the expression “the present invention” or the
like used 1n this specification may encompass not only the subject matter of
this divisional application, but that of the parent application also.

FIELD OF THE INVENTION

10 The present invention 18 related to polypeptides, more
particularly SPA-1l, SPA-2 and SPA~3 polypeptides of Pseudomonas
aeruginosa which may be used to -preverit, diagnose and/or treat

Pseudomonas aeruginosa infection.

15 BACKGROUND OF THE INVENTION
Pseudomonas aeruginosa 1is a prevalent opportunistic bacterial
pathogen in humans and animals. P, aeruginosa is the most common
Gram-negative bacterium found in nosocomial infections,
especially in immunocompromised individuals. It is frequently

20 related to ventilator-associated pneumonia in intubated
patients. Pseudomonag infection is common amongst patients with
cystic fibrosis, burn wounds, organ transplants, and
intravenous-drug addiction. Cystic fibrosis patients are often
chronically infected by P. aeruginosa, which is responsible for

25 increased illness and death in this particular population. P.

aeruginosa bacteremia 1is responsible for high death rates in

burn units. Pseudomonas can lead to serious conditions such as

endophthalmitis, endocarditis, meningitis, pneumonia, and

septicaemia. Septicemia due to P. aeruginosa is associated with
30 the highest death rates of all Gram-negative infections.

Since P. aeruginosa is naturally resistant to many antibiotics,
there 1s a need for the development of a vaccine that will

protect individuals from P. aeruginosa infection. An infection
35 by P. 2aeruginosa induces an immune response against antigens
found at the surface of the bacterial cells. However, many of
these surface proteins are still not characterized, nor has the

immune response resulting in protection from infection by
different strains been determined.

To develop a wvaccine that will protect individuals from P,
aeruginosa infection, efforts have mainly been concentrated on
lipopolysaccharides (LPS). However, even though a limited number
of LPS serotypes are associated with c¢linical cases, the

production of a multivalent LPS-based vaccine is complex and may

1
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induce serotype replacement in vaccinated individuals. Anti-
flagellar and anti-pili vaccines are also evaluated but the
regulation of flagella/pili expression at different P.
aeruginosa infection stages may prevent effective protection.

J Outer .membrane proteins (OMP) are also being tested. An OMP
preparation from_" 4 different P. aeruginosa serotypes 1is
currently 1in clinical trials ‘'but the specificity of the
protection confered by this preparation remains to be evaluated.
A recombinant fusion protein, based on outer membrane proteins

10 OprF and OprI, is considered a promising wvaccine candidate.
However, the OprF protein was shown to be absent from some
clinical strains of B. aeruginosa and the protection confered by
the OprI protein alone has not been evaluated yet.

15 A review of existing technology is described in Stanislavsky ES
and Lam JS. (1997) FEMS Microbiol. Rev. 21(3): 243-77 and Holder
IA. (2001) J. Burn Care Rehabil. 22(5): 311-20.

The seguence of the genome of P. aeruglnosa strain PAQL was

S —r

20 determined in a «collaboration among the Cystic Fibrosis

Foundation, = the. University of Washington and Pathogenesis

Corporation and 1s available in Nature, Stover et al. 406:959-964 (2000).

Therefore there zremains an unmet need for P. aeruginosa
polypeptides that may be used to prevent, diagnose and/or treat

P. aeruginosa infection.
30

SUMMARY OF THE INVENTION

According to one aspect, the present invention provides an
isolated polynucleotide encoding a polypeptide having at least
70% identity to a second polypeptide comprising a sequence chosen

35 from SEQ ID Nos: 2, 6, 8, 10, 12 or fragments or analogs
thereof.
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According to one aspect, the present invention relates to

polypeptides comprising a sequence chosen from SEQ ID NO: 2, 6,

8, 10, 12 or fragments or analogs thereof.

In other aspects, there are provided polypeptides encoded by

ﬁ

polynucleotides of the invention, pharmaceutical compositions,

vectors comprising polynucleotides of the invention operably
linked to an expression control region, as well as host cells

transfected with said vectors and processes for producing

polypeptides comprising culturing said host cells under

conditions sultable for expression.

The present 1nvention as claimed relates to:

- a chimeric polypeptide comprising two or more antigenic
polypeptide fragments wherein each of the two or more antigenic
polypeptide fragments comprises at least 15 contiguous amino

e

acids of the amino acid sequence set forth in SEQ ID NO:2,

provided that the two or more antigenic polypeptide fragments
are linked to form a chimeric polypeptide, wherein the chimeric
polypeptide 1s capable of eliciting antibodies that

specifically bind to a polypeptide consisting of the amino acid

sequence set forth in SEQ ID NO:Z;

- a pharmaceutical composition comprising the chimeric
polypeptide as described herein and a pharmaceutically

acceptable carrier, diluent, adjuvant, or liposome;

- a pharmaceutical composition comprising (a) a
pharmaceutically acceptable carrier or diluent and (b) an

1solated polypeptide comprising (1) an amino acid sequence at

least 90% 1dentical to the amino acid sequence set forth in SEQ

ID NO:2, or (11) an amino acid sequence at least 90% identical
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to the amino acid seguence set

amino acid 448 of SEQ ID NO:Z,

-

forth from amino acid 33 to

wherein the i1solated polypeptide

1s capable of eliciting antibodies that specifically bind to a

polypeptide consisting of the amino acid sequence set forth i1n

SEQ ID NO:2Z;

- a pharmaceutical composition comprising a pharmaceutically

acceptable carrier or diluent and an 1solated polypeptide

comprising an antigenic fragment, wherein the antigenic

fragment comprises at least 15 contiguous amino acids of the

amino acid sequence set forth in SEQ ID NO:2, and wherein the

antigenic fragment 1s capable ot

eliciting antibodies that

specifically bind to a polypeptide consisting of the amino acid

seguence set forth in SEQ ID NO:2Z;

- the pharmaceutical composition as described herein for use 1in

inducing an immune response to the polypeptide consisting of

the amilno acid sequence set

forth 1n SEQ ID NO:Z;

- use of the pharmaceutical composition as described herein for

inducing an immune response to the polypeptide consisting O:

the amino acilid sequence set

D

forth 1n SEQ ID NO:2Z;

- an antibody, or antigen-binding fragment thereof, that

specifically binds to a polypeptide consisting of the amino

acid sequence set forth in S

QO ID NO:Z2

_—

for use in the

P

prophylactic or therapeutic treatment of a Pseudomonas

aeruginosa infection;

- use of an antibody, or antigen-binding fragment thereof, for

ﬁ

the prophylactic or therapeutic treatment of a Pseudomonas

aeruginosa infection, wherein the antibody specifically binds

3a
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P

to a polypeptide consisting of the amino acid sequence set

forth 1in SEQ ID NO:2;

- a method for detecting Pseudomonas aeruginosa in a biological
sample comprising: (a) 1incubating the biological sample with an
1solated polypeptide selected from (i) an isolated polypeptide

comprising an amino acld sequence at least 90% identical to the

amino acid sequence set forth in SEQ ID NO:2; (ii) an isolated

polypeptide comprising an amino acid sequence at least 90%

identical to the amino acid sequence set forth from amino acid

33 to amino acid 448 of SEQ ID NO:2; (iii) an isolated

polypeptide comprising an amino acid sequence at least 95%

identical to the amino acid sequence set forth in SEQ ID NO:2;

(1v) an 1solated polypeptide comprising an amino acid sequence

at least 95% identical to the amino acid sequence set forth

from amino acid 33 to amino acid 448 of SEQ ID NO:2; (v) an

isolated polypeptide comprising the amino acid seguence set

forth in SEQ ID NO:2; (vl) an 1solated polypeptide comprising

the amino acid sequence set forth from amino acid 33 to amino

acid 448 of SEQ ID NO:2; and (vii) an 1solated polypeptide

comprising an antigenic fragment wherein the fragment comprises

at least 15 contiguous amino acids of the amino acid seqgquence

set forth in SEQ ID NO:2, whereln the 1solated polypeptide 1s
capable of eliciting antibodies that specifically bind to a

polypeptide consisting of the amino acid sequence set forth in

SEQ ID NO:2; and (b) detecting specifically bound polypeptide

P

which indicates the presence of antibody specific to

Pseudomonas aeruginosa in the biological sample; and

- a method for detecting Pseudomonas aeruginosa 1n a biological

sample comprising: (a) 1ncubating the biological sample with an

isolated antibody or antigen-binding fragment thereof that

3b
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specifically binds to a Pseudomonas aeruginosa polypeptide

consisting of the amino acid sequence set forth in SEQ ID NO:2;

and (b) detecting specifically bound antibody, or antigen-

F

binding fragment thereof, to the polypeptide, which indicates

the presence of Pseudomonas aeruginosa 1n the biological

sample.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents the DNA sequence of SPA-1 gene from P.

1)

aeruginosa strain PAOl; SEQ ID NO: 1. The underlined portion o:

the sequence represents the leader peptide coding region.

Figure 2 represents the amino acid seguence of SPA-1

polypeptide from P. aeruginosa strain PAOLl; SEQ ID NO: 2. The

underlined sequence represents the 32 amino acild residues

leader peptide.

F

Figure 3 represents the DNA sequence of SPA-2 gene from P.

P —

1)

]

aeruginosa strain PAOl; SEQ ID NO: 3. The underlined portion of

the seguence represents the leader peptide coding region.

Figure 4 represents the amino acid sequence of SPA-2

polypeptide from P. aeruginosa strain PAQOl; SEQ ID NO: 4. The

underlined sequence represents the 19 amino acid residues

leader peptide.

fr— ——
—

Figure 5 represents the DNA sequence of SPA-3 gene from P.

aeruginosa strain PAO1l; SEQ ID NO: 5. The underlined portion of

the sequence represents the leader peptide coding region.

Figure 6 represents the amino acid sequence of SPA-3

polypeptide from P. aeruginosa strain PAOl; SEQ ID NO: 6. The

underlined sequence represents the 21 amino acid residues

leader peptide.
3C
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Figure 7 represents the DNA sequence of SHB-PA104 gene from

P. aeruginosa strain PAO1; SEQ ID NO: 19. The underlined portion of this sequence

represents the leader peptide-coding region.

Figure 8 represents the amino acid sequence of SHB-PA104 protein
5 from P. aeruginosa strain PAO1; SEQ ID NO: 20. The underlined sequence
represents the 16 amino acid residues leader peptide. Figure 9 represents the DNA

sequence of SHB-PA105 gene from P. aeruginosa strain PAO1; SEQ ID NO: 21.

The underlined portion of the sequence represents the leader peptide-coding region.

Figure 10 represents the amino acid sequence of SHB-PA105 protein
10 from P. aeruginosa strain PAO1; SEQ ID NO: 22. The underlined sequence

represents the 33 amino acid residues leader peptide.

Figure 11 represents the DNA sequence of SHB-PA106 gene from
P. aeruginosa strain PAO1; SEQ ID NO: 23. The underlined portion of the sequence

represents the leader peptide-coding region.

15 Figure 12 represents the amino acid sequence of SHB-PA106 protein
from P. aeruginosa strain PAO1; SEQ ID NO: 24. The underlined sequence

represents the 16 amino acid residues leader peptide.

Figure 13 represents the protein sequence alignment of SPA-1 protein
(SEQ ID NO: 31) with SHB-PA104 (without leader peptides) from POA1 strain

20 (SEQ ID NO: 32). [, identical amino acids; :, conserved amino acids.

Figure 14 represents the protein sequence alignment of SPA-1 protein
(SEQ ID NO: 33) with SHB-PA105 (without leader peptides) from PAO1 strain

(SEQ ID NO: 34). |, identical amino acids; :, conserved amino acids.

Figure 15 represents the protein sequence alignment of SPA-1 protein
25 (SEQ ID NO: 35) with SHB-PA106 (without leader peptides) from PAO1 strain

(SEQ ID NO: 36). |, identical amino acids; :, conserved amino acids.

4
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15

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides purified and isolated

polynucleotides, which encode Pseudomonas polypeptides which may

be used to prevent, diagnose and/or treat Pseudomonas infection.

According to one aspect, the present i1nvention provides an
isolated polynucleotide encoding a polypeptide having at least
70% identity to a second polypeptide comprising a seguence
chosen from SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

analoggs thereof.

According to one aspect, the present i1invention provides an

isolated polyvnucleotide eﬁcoding a polypeptide having at least
80% identity to a second polypeptide comprising a sequence
chosen from SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

analogs thereotf.

According to one aspect, the present invention provides an

igsolated polynucleotide encoding a polypeptide having at least

20 90% identity to a second polypeptide comprising a sequence

30

33

chosen from SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

analogs thereof.

According to one aspect, the present i1nvention provides an
isolated polynucleotide encoding a polypeptide having at least
95% identity to a second polypeptide comprising a segquence
chosen from SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

i1

analogs thereof.

According to one aspect, the present invention provides an

1solated polynucleotide encoding a polypeptide having at least
98% i1dentity to a second polypeptide comprising a sequence
chosen from SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

analogs thereof.

Acceording to one asgpect, the present invention provides an
isolated polynucleotide encoding a polypeptide having at least
70% i1identity to a second polypeptide comprising a sequence
chosen from SEQ ID NOS: 2, 4, 6, 8, 10 or 12.

5
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According to one aspect, the present invention provides an

isolated polynucleotide encoding a polypeptide having at least

80% identity to a secoﬁd polvpeptide comprising a sequence
> chosen from SEQ ID NOS: 2, 4, 6, 8, 10 or 12.

According to one aspect, the present invention provides an

isolated polyvnucleotide encoding a polypeptide having at least

90% identity to a second polypeptide comprising SEQ ID NOS: 2,
10 4, 6, 8, 10 or 12.

According to one aspect, the present 1nvention provides an

isolated polynucleotide encoding a polypeptide having at least

05% identity to a second polypbeptide comprising SEQ ID NOS: 2,
154, 6, 8, 10 oxr 12.

According to one aspect, the present invention provides an

isolated polynucleotide encoding a polypeptide having at least

98% identity to a second polypeptide comprising SEQ ID NOS: 2,
204, 6, 8, 10 or 12.

According to one aspect, the present 1nvention relates to

polypeptides which comprise an amino acid sequence selected from

SEQ ID Nos: 2, 4, 6, 8, 10, 12 or fragments or analogs thereof.
25

According to one aspect, the present 1invention relates to

polyvpeptides which comprise an amino acid sequence selected from

SEQ ID Nos: 2, 4, 6, 8, 10 or 12.

30 According to one aspect, the present invention relates to
polypeptides characterized by the amino acid sequence comprising
SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or analogs thereof.

According to one aspect, the present invention relates to
35 polypeptides characterized by the amino acid sequence comprising
SEQ ID NOS: 2, 4: 6: 8: lO or 12.

According to one aspect, the present invention provides a

polynucleotide encoding an epitope bearing portion of a

o
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polypeptide comprising a sequence chosen from SEQ ID NOS: 2, 4,

6, 8, 10, 12 or fragments or analogs thereof.

According to one aspect, the present invention provides a

5 polynuclectide encoding an eplitope bearing portion of

10

15

25

30

polypeptide comprising a sequence chosen from SEQ ID NOS: 2, 4,
6, 8, 10 oxr 12.

According to one aspect, the present 1nvention relates to
epitope bearing portions of a polypeptide comprising a sequence
chosen from SEQ ID NOS: 2, 4, 6, 8, 10 or 12 or fragments or

analogs thereof.

According to one aspect, the present 1nvention relates to

kl

epltope bearing portions of a polypeptide comprising a sequence

chosen from SEQ ID NOS: 2, 4, 6, 8, 10 or 12.

According to one aspect, the present invention provides an

isolated polynucleotide comprising a polynucleotide chosen from:

20 (a) a polynucleotide encoding a polypeptide having at least 70%

identity to a second polypeptide comprising a seqgquence
chosen from: SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

analogs thereof;

(b) a polynucleotide encoding a polypeptide having at least 80%
identity to a second polypeptide comprising a sequence
chosen from: SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or
analogs thereof;

(¢) a polynucleotide encoding a polypeptide having at least 95%

identity to a second polypeptide comprising a sequence
chosen from: SEQ ID NOS: 2, 4, 6, 8, 10, 12 or fragments or

aa

analogs thereotf;

(d) a polynucleotide encoding a polypeptide comprising a
D NOS: 2, 4, 6, 8, 10, 12 orx

ol

sequence chosen from: SEQ I

fragments or analogs thereof;

(e) a polynucleotide encoding a polypeptide capable of raising

antibodies having binding specificity for a polypeptide
comprising a Ssequence chosen from: SEQ ID NOS: 2, 4, 6, 8,

10, 12 or fragments or analogs thereof;
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(f) a polynucleotide encoding an epitope bearing portion of a

polypeptide comprising a sequence chosen from SEQ ID NOS:

2, 4, 6, 8, 10, 12 or fragments or analogs thereof;

(g) a polyvnucleotide comprising a sequence chosen from SEQ ID
5 NOS: 1, 3, 5, 7, 9, 11 or fragments or analogs thereof;
(h) a polynucleotide that is complementary to a polynucleotide

in (a), (b), (¢}, (d), (e), (£) or (g).

According to one aspect, the present i1nvention provides an
10 isoclated polynucleotide comprising a polynucleotide chosen from:
(a) a polynucleotide encoding a polypeptide having at least 70%
identity to a second polypeptide comprising a sequence
chosen from: SEQ ID NOS: 2, 4, 6, 8, 10 or 12;
(b) a polynucleotide encoding a polypeptide having at least 80%

15 identity to a second polypeptide comprising a sequence
chosen from: SEQ ID NOS: 2, 4, 6, 8, 10 or 12;
(¢) a polynucleotide encoding a polypeptide having at least 95%
identity to a second polypeptide comprising a sequence
chosen from: SEQ ID NOS: 2, 4, 6, 8, 10 oxr 12;
20 (d) a polynucleotide encoding a polypeptide comprising a
seguence chosen from: SEQ ID NOS: 2, 4, 6, 8, 10 or 12;

(e) a polynucleotide encoding a polypeptide capable of raising

antibodies having Dbinding specificity for a polypeptide
comprising a sequence chosen from: SEQ ID NOS: 2, 4, 6, B8,
25 10 oxr 12;

(f) a polynucleotide encoding an epitope bearing portion of a

polypeptide comprising a sequence chosen from SEQ ID NOS:
2, 4, 6, 8, 10 or 12;
(g) a polynucleotide comprising a sequence chosen from SEQ ID
30 NOS: 1, 3, 5, 7, 9 or 11;
(h) a polynucleotide that is complementary to a polynucleotide
in (a), (b)), (¢}, (d), (e}, (f) or (g).

According to one aspect, the present i1invention provides an
35 isolated polypeptide comprising a polypeptide chosen from:
(a) a polypeptide having at least 70% identity to a second

polypeptide comprising a sequence chosen from SEQ ID NOS:
2, &, 6, 8, 10 or 12 or fragments or analogs thereotf;
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(b)

(c)

5
(d)
(e)

10
(£)

15
(g)
(h)

20

a polypeptide having at least 80% identity to a second
polypeptide comprising a sequence chosen from SEQ ID NOS:

2, 4, 6, 8, 10 or 12 or fragments or analogs thereotf;

a polypeptide having at least 95% identity to a second
polypeptide comprising a seguence chosen from SEQ ID NOS:
2, 4, 6, 8, 10 oxr 12 or fragments or analogs thereof;

a polypeptide comprisgsing a sequence chosen from SEQ ID
NOS: 2, 4, 6, 8, 10 or 12 or fragments or analogs thereof;

a polypeptide capable of raising antibodies having binding
specificity for a polypeptide comprising a sequence chosen
from SEQ ID NOs: 2, 4, 6, 8, 10 or 12 or fragments or

—
=

analogs thereof;

an epitope bearing portion of a polypeptide comprising a

sequence chosen from SEQ ID NOS: 2, 4, 6, 8, 10 or 12 orx

fragments or analogs thereof;

the polypeptide of (a), (b)), (c), (d), (e) or (f) wherein
the N-terminal Met residue is deleted;

the polypeptide of (a), (b)), {c}, (4}, (e}, (£) or (g)

wherein the secretory amino acid sequence is deleted.

According to one aspect, the present invention provides an

isolated polypeptide comprising a polypeptide chosen from:

(a)

25
(b)

a polypeptide having at least 70% identity to a second
polypeptide comprising a seguence chosen from SEQ ID NOS:
2, 4, 6, 8, 10 oxr 12;

a polypeptide having at least 80% identity to a second
polypeptide comprising a sequence chosen from SEQ ID NOS:
2, 4, o6, 8, 10 or 12;

a polypeptide having at least 95% 1dentity to a second
polypeptide comprising a sequence chosen from SEQ ID NOS:
2, 4, 6, 8, 10 or 12;

a polypeptide comprising a sequence chosen from SEQ ID
NOS: 2, 4, 6, 8, 10 or 1l2;

a polypeptide capable of raising antibodies having binding

speclficity for a polypeptide comprising a sequence chosen
from SEQ ID NOS: 2, 4, 6, 8, 10 or 12;

an epitope bearing portion of a polypeptide comprising a
sequence chosen from SEQ ID NOS: 2, 4, 6, 8, 10 or 12;
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(g) the pOlypeptlde Of (a-) ? (b) ’ (C) ’ (d) ! (6) Oxr (f) wherein
the N-terminal Met residue 1s deleted:;
(h) the polypeptide of (a), (b)), (c), ((d), (e), (f) or (g)

wherein the secretory amino acid sequence is deleted.

Those skilled in the art will appreciate that the invention

includes DNA molecules, i.e. polynucleotides, their homologous
sequences and their complementary sequences that encode analogs
such as mutants, wvariants, homologs and derivatives of such
10 polypeptides, as described herein in the present patent
application. Homologous genes are evolutionary related, have
simllar sequences and are structurally related. The i1invention
also includes RNA molecules corresponding to the DNA molecules
of the invention. In addition to the DNA and RNA molecules, the
15 invention 1includes the corresponding polypeptides and
monospecific antibodies that specifically bind to  such

polypeptides.

In a further embodiment, the polypeptides in accordance with the

20 present invention are antigenic.

In a further embodiment, the polypeptides in accordance with the

present invention are immunogenic.

23 In a further embodiment, the polypeptides in accordance with the

present invention can elicit an immune response in a host.

[

In a further embodiment, the present invention also relates to

polypeptides which are able to raise antibodies having binding
30 specificity to the polypeptides of the present invention as

defined above.

An antilbody that "has binding specificity" 1s an antibody that
recognizes and binds the selected polypeptide but which does not
35 substantially recognize and bind other molecules in a sample,
e.g., a Dbilological sample. Specific binding can be measured
using an ELISA assay in which the selected polypeptide is used

as an antigen.

10
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In accordance with the present invention, "protection" in the

biological studies 1s defined by a significant increase in the

survival curve, rate or period. Statistical analysis using the
Log rank test to compare survival curves, and Fisher exact test
J to compare survival rates and numbers of days to death,
respectively, might be useful to calculate P wvalues and
determine whether the difference between the two groups is
statistically significant. P values of 0.05 are regarded as not
significant.
10
In an additional aspect of the invention there are provided
antigenic/immunogenic fragments of the polypeptides of the

invention, or of analogs thereof.

I5 The fragments of the present invention should include one or
more such epitopic regions or be sufficiently similar to such

regions to retain their antigenic/immunogenic properties. Thus,

for fragments according to the present invention the degree of
identity 1s perhaps irrelevant, since they may be 100% identical
20 to a particular part of a polypeptide or analog thereof as
described  Therein. The present i1nvention further provides
fragments having at least 10 contiguous amino acid residues from

the polypeptide segquences of the present invention. In one

embodiment, at least 15 contiguous amino acid residues. In one

25 embodiment, at least 20 contiguous amino acid residues.

The skilled person will appreciate that analogs of the

g

polypeptides of the invention will also find use in the context

cf the @present invention, i.e. as antigenic/immunogenic
30 material. Thus, for 1instance proteins or polvypeptides which

include one or more additions, deletions, substitutions or the

like are encompassed by the present invention.

. As used herein, "fragments”, "analogs" or “"derxrivatives" of the
35 polypeptides of the invention include those polypeptides in
which one or more of the amino acid residues are substituted

with a conserved or non-conserved amino acid residue (preferably

conserved) and which may be natural or unnatural. In one

embodiment, derivatives and analogs of polypeptides of the

11
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invention will have about 70% identity with those sequences

i1llustrated in the figures or fragments thereof. That 1is, 70%

the residues are the same. Iin a further embodiment,

{ v

O

polypeptides will have greater than 80% identity. In a further

> embodiment, polypeptides will have greater than 85% identity. In
a further embodiment, polyvpeptides will have greater than 90%

identity. In a further embodiment, polypeptides will have
greater than 95% identity. In a further embodiment,

polypeptides will have greater than 99% identity. In a further
10 embodiment, analogs of polypeptides of the invention will have
fewer than about 20 amino acid residue substitutions,

modifications or deletions and more preferably less than 10.

In a further embodiment, polypeptides will have greater than 70%

15 homology. In a further embodiment, polypeptides will have

greater than 75% homology. In a further embodiment, polypeptides

will have greater than 80% homology. In a further embodiment,

polypeptides will have greater than 85% homology. In a further
embodiment, polypeptides will have greater than 90% homology. In
20 a further embodiment, polypeptides will have greater than 95%
homology. In a further embodiment, .polypeptides will have

greater than 99% homology. In a further embodiment, derivatives
and analogs of polypeptides of the invention will have less than
about 20 amino acid residue sgubstitutions, modifications or
25 deletions and more preferably less than 10. Preferred
substitutions axre those known in the art as conserved i.e. the
substituted residues share physical or chemical properties such

as hydrophobicity, size, charge or functional groups.

30 These substitutions are those having a minimal influence on the
secondary structure and hydropathic nature of the polypeptide.
Preferred substitutions are those known in the art as conserved,
i.e. the substituted zresidues share physical or chemical
properties such as hydrophobicity, size, charge or functional

35 groups. These include substitutions such as those described by
Dayhoff, M. in Atlas of Protein Sequence and Structure 5, 1978
and by Argos, P. in EMBO J. 8, 779-785, 1988. For example, amino
acids, eilther natural or unnatural, belonging to one of the

following groups represent congervative changes:

12
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ala, pro, gly, gln, asn, ser, thr, val;
cys, ser, tvr, thr;

val, 1le, leu, met, ala, phe;

lys, arg, orn, his;

5 and phe, tyr, trp, his.

The preferred substitutions also include substitutions of D-

enantiomers for the corresponding L-amino acids.

In an alternative approach, the analogs could be fusion

polypeptides, incorporating moleties which render purification
10 easier, for example by effectively tagging the desired
polypeptide. It may be necessary to remove the "tag" or it may
be the case that the fusion polypeptide 1itself retains

sufficient antigenicity to be useful.

IS5 The percentage of homology 1s defined asgs the sum of the

percentage of identity plus the percentage of similarity or

conservation of amino acid type.

In one embodiment, analogs of polypeptides of the invention will
20 have about 70% homology with those sequences illustrated in the
figures ox fragments thereotf. I:ci a further embodiment,
polypeptides will have greater than 80% homology. In a further
embodiment, polypeptides will have greater than 85% homology.

In a further embodiment, polypeptides will have greater than 90%

25 homology. In a further embodiment, polypeptides will have
greater  than 95% homology. In a further embodiment,
polypeptides will have greater than 99% homology. In a further
embodiment, analogs of polypeptides of the invention will have

fewer than about 20 amino acid residue substitutions,
30 modifications or deletions and more preferably less than 10.

One can use a program such as the CLUSTAL program to compare

amino acid seguences. This program compares amino acid seguences

and finds the optimal alignment by inserting spaces in either

35 sequence as appropriate. It is possible to calculate amino acid

1dentity or homology for an optimal alignment. A program like

BLASTxX will align the longest stretch of similar seguences and

assign a value to the fit. It is thus possible to obtain a

comparison where several regions of similarity are found, each

13
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having a different score. Both types of identity analysis are
contemplated in the present invention.

In an alternative approach, the analogs or derivatives could be

5 fusion polyvpeptides, incorporating moleties which
purification easier,

render

for example by effectively tagging the
desired protein or polypeptide,

the “tag”

it may be necessary to remove

or it may be the case that the fusion polypeptide

itself retains sufficient antigenicity to be useful.

10

It is well known that it 1is possible to screen an antigenic

polypeptide to identify epitopic regions, i.e. those regions

which are responsible for the polypeptide’s

antigenicity or
immunogenicity. Methods

for carrying out such screening are
15 well known 1in the art. Thus, the fragments of the present

invention should include one or more such epitopic regions or be

sufficiently similar to such regions to retain their

antigenic/immunogenic properties.

20 In an additional aspect of the invention there are provided

antigenic/immunogenic fragments of the proteins or polypeptides

of the invention, or of analogs or derivatives thereof.

Thus, what 1s important for analogs, derivatives and fragments

2y is that they possess at least a degree of the

antigenicity/immunogenicity of the protein or polypeptide from
which they are derived.

Also 1ncluded are polypeptides which have fused thereto other

30 compounds which alter the polypeptides biological or

polyvethylene glycol (PEG) to

leader or secretory amino acid sequences for

pharmacological properties 1i.e.

increase half-life:;

ease of purification; prepro- and pro-
(poly) saccharides.

sequences ; and

35

Furthermore, 1n those sgituations where a

found to be polymorphic,

nino acid regiong are

1t may be desirable to vary one or more
particular a

ferent

{1l

mino acids to more effectively mimic the di:
epitopes of the different Pseudomonas strains.

14
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Moreover, the polypeptides of the present invention can be

modified by terminal -NH, acylation (eg. by acetylation, or

thioglycolic acid amidation, terminal carboxy amidation, e.g.

5 with ammonia or methylamine) to provide stability, 1increased

hydrophobicity for 1linking or binding to a support oxr other

molecule.

Also contemplated are hetero and homo polypeptide multimers of
10 the polypeptide fragments and analogs. These polymeric forms
include, for example, one or more polypeptides that have been
cross—-linked with cross-linkers such as avidin/biotin,
gluteraldehyde or dimethylsuperimidate. Such polymeric forms
also 1nclude polvpeptides containing two or more tandem or
I5 inverted contiguous sequences, produced from multicistronic

mRNAs generated by recombinant DNA technology.

In a further embodiment, the present invention also relates to
chimeric polypeptides which comprise one or more polypeptides or
20 fragments or analogs thereof as defined in the figures of the

present application.

In a further embodiment, the present invention also relates to
chimeric polypeptides comprising two or more polypeptides having
23 a sequence chosen from SEQ ID NOS: 2, 4, 6, 8, 10, 12 orx
fragments or analogs thereof; provided that the polypeptides are

linked as to form a chimeric polypeptide.

In a further embodiment, the present invention also relates to

30 chimeric polypeptides comprising two or more polypeptides
comprising a sequence chosen from. SEQ ID NOS: 2, 4, 6, 8, 10 or
12 provided that the polypeptides are linked as to form a
chimeric polypeptide.

30 Preferably, a fragment, analog or derivative of a polypeptide of
the invention will comprise at least one antigenic region 1i.e.

at least one epitope.

15



CA 02784450 2012-07-24

WO 03/042240 PCT/CAH2/01740

In order to achieve the formation of antigenic polyvmers (i.e.
synthetic multimers), polypeptides may be utilized having

bishalocacetyl groups, nitroaryvlhalides, or the 1like, where the

reagents being specific for thio groups. Therefore, the 1link
S5 between two mercapto groups of the different polypeptides may be

a single bond or may be composed of a linking group of at least

two, typically at least four, and not more than 16, but usually

not more than about 14 carbon atoms.

10 In a particular embbdiment, polypeptide fragments and analogs of
the invention do not contain a methionine (Met) starting
residue. Preferably, polypeptides will not incorporate a leader
or secretory sequence (signal sequence). The signal portion of
a polypeptide of the invention may be determined according to

15 established molecular biological technigues. In general, the
polypeptide of interest may be isolated from a Pseudomonas

culture and subsequently sequenced to determine the initial
residue of the mature protein and therefore the sequence of the

mature polypeptide.
20

Such an Jimmunogenic fragment may include, for example, the
polypeptide of the invention lacking an N-terminal leader
péptide, and/or a transmembrane domain and/or external loops
and/or turns.
25
The present 1invention further provides a fragment of the
polypeptide comprising substantially all of the extra cellular
domain of a polypeptide which has at least 70% identify,
preferably 80% identity, more preferably 95% identity, to a
30 second polypeptide comprising Seg. ID No. 2, 4, 6, 8, 10, 12 or

fragments or analogs thereof, over the entire length of said

sequence.

It 1s understood that polypeptides can be produced and/or used

35 without theilr start codon (methionine or wvaline) and/or without

thelir leader peptide to favor production and purification of

recombinant polypeptides. It is known that cloning genes without

sequences encoding leader  peptides will restrict the

16
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polypeptides to the cytoplasm of E. coli and will facilitate
their recovery (Glick, B.R. and Pasternak, J.J. (1588)
Manipulation of gene expression in prokaryotes. In "Molecular

biotechnology: Principles and applications of recombinant DNA",

J 2nd edition, ASM Press, Washington DC, p.109-143).

According to another aspect of the invention, there are also
provided (i) a composition of matter containing a polypeptide of
the inventilon, together with a carrier, diluent or adjuvant:
10 (ii) a pharmaceutical composition comprising a polypeptide of
the invention and a carrier, diluent or adjuvant; (iii) a
vaccine comprising a polypeptide of the invention and a carrier,
diluent or adjuvant; (iv) a method for inducing an immune

response agalnst Pseudomonas, in a host, by administering to the

I35 host, an immunogenically effective amount of a polvpeptide of
the invention to elicit an immune response, e.g., a protective

immune response to Pseudomonas; and particularly, (v) a method

for preventing and/or treating a Pseudomonas infection, by

administering a prophylactic or therapeutic amount of a

20 polypeptide of the invention to a host in need.

According to another aspect of the invention, there are also
provided (1) a composition of matter containing a polynucleotide
of the invention, together with a carrier, diluent or adjuvant:
25 (ii1) a pharmaceutical composition comprising a polynuclectide ot"
the i1nvention and a pharmaceutically acceptable carrier, diluent

or adjuvant; (iii) a method for inducing an immune response

against Pseudomonas, in a host, by administering to the host, an

immunogenically effective amount of a polynuclectide of the
30 invention to elicit an immune response, e.g., a protective
lmmune response to Pseudomonas; and particularly, (iv) a method

for preventing and/or treating a Pseudomonas infection, by

administering a prophylactic or therapeutic amount of a

polynucleotide of the invention to a host in need.
35

According to another aspect of the invention, there are also

and

provided (1) a composition of matter containing a polypeptide of

the invention, together with a liposome, carrier, diluent or

17
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adjuvant; (14) a pharmaceutical composlition comprising a

polypeptide of the invention and a liposome, carrier, diluent or

adjuvant; (1ii) a wvaccine comprising a polypeptide of the

invention and a liposome, carrier, diluent or adijuvant; (iv) a

5> method for inducing an immune response against P. aeruginosa, in

a host, by administering to the host, an immunogenically
effective amount of a pharmaceutical composition of the
invention to elicit an immune response, e.g., a protective

lmmune response to P. aeruginosa; and particularly, (v) a method

10 for preventing and/or treating a P. aeruginosa infection, by

T ——

administering a prophylactic or therapeutic amount of a

rharmaceutical composition of the invention to a host in need.

According to another aspect of the invention, there are also
15 provided (i) a composition of matter containing a polvnucleotide
of the invention, together with a liposome, carrier, diluent or
adjuvant; (11) a pharmaceutical composition comprising a
polynucleotide of the invention and a liposome, carrier, diluent
or adjuvant; (iii) a method for inducing an immune response

20 against P. aeruginosa, in a host, by administering to the host,

an  immunogenically effective amount of a pharmaceutical

composition of the i1nvention to elicit an immune response,
e.g., a protective immune response to P. aeruginosa; and
particularly, (iv) a method for preventing and/or treating a P.

2 aeruginosa infection, by administexring a prophylactic or

therapeutic amount of a pharmaceutical composition of the

invention to a host in need.

In a further embodiment, the polypeptides of the invention are

30 associated with the liposomes.

As used herein, “associated with” means that the polypeptides of

the invention are at least partially embedded in the liposome

membrane, and preferably ™ are not covalently linked +to the
35 lipids. The polypeptides may also be bonded to a lipid fatty

acld “tail” which itself is embedded in the membrane.

18



CA 02784450 2012-07-24

WO 03/042240 PCT/CAD02/01740

In a further embodiment, the pharmaceutical compositions
comprising a liposome assocliated with polypeptides in accordance

with the present invention are antigenic.

> In a further embodiment, the pharmaceutical compositions
comprising a liposome assocliated with polypeptides in accordance

with the present invention are immunogenic.

In a further embodiment, the pharmaceutical compositions
10 comprising a liposome associated with polypeptides in accordance

with the present invention can elicit an immune response in a
host.

In a further embodiment, the present invention also relates to
15 pharmaceutical compositions comprising a liposome associated
with polypeptides which are able to raise antibodies having

binding specificity to the polypeptides of the present invention

as defined above.

20 In an additional aspect of the invention there are provided
pharmaceutical compositions c¢comprising a 1liposome associated
with immunogenic and/or antigenic fragments of the polypeptides

of the invention, or of analogs thereof.

25 The present invention further provides pharmaceutical

compositions comprising a liposome associated with fragments

which comprise a B-cell or T-~helper epitope.

The present invention further provides pharmaceutical
30 compositions comprising a liposome associated with fragment that
may be part of a larger polypeptide. It can be advantageous to
include an additional amino acid sequence which contains
secretory or leader sequences, or sequences which aid in
purification such as multiple histidine residues, or an
35 additional sequence which increases stability during recombinant

productlon, or an additional polypeptide or lipid tail sequences
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which increase the i1mmunogenic potential of the final

polypeptide.

The skilled person will appreciate that  pharmaceutical
) compositions comprising a liposome assoclated with analogs of
the polypeptides of the invention will also £find use in the

context of the present invention, 1.e. as antigenic/immunogenic

material. Thus, for instance proteins or polypeptides which
include one or more additions, deletions, substitutions or the

10 1ike are encompassed by the present inventiorn.

In a further embodiment, the present invention also relates to
pharmaceutical compositions comprising a liposome associated
with chimeric polypeptides which comprise one or more

15 polypeptides or fragments or analogs thereof of the invention.

Liposomes are made of phospholipids and other polar ainphiles,

which form closed concentric bilayer membranes [summarized in

Gregoriades, G., Immunology Today, 11, 3, 89 (1990); Lasic, D.,

20 American Scientist, 80, p. 20 (1992); Remington’s on
Pharmaceutical Sciences, 18th ed., 1990, Mack Publishing Co.,
Pennsylvania., p.1691}. The primary constituent of liposomes are
lipids, which have a polar hydrophilic "head® attached to a
long, nonpolar, hydrophobic "tail®. The hydrophilic head

25 typically consists of a phosphate group, while the hydrophobic
tail i1is made of two long hydrocarbon chains. Since the lipid
molecules have one part that 1s water-soluble and another part
that is not, they tend to aggregate in ordered structures that
sequester the hydrophobic tails from water molecules. In the

30 process, liposomes can entrap water and solutes in their
interior, or molecules with hydrophobic regions can also be

incorporated directly into the liposomal membranes. Many

phospholipids, alone or in combination, with other lipids will
form liposomes. By convention, liposomes are categorized by

35 size, and a 3-letter acronym is used to designate the type of
liposome being discussed. Multilamellar vesicles are designated

“MLV”, large unilamellar vesicles “LUV”, small unilamellar

20
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vesicles “SUV”., These designations are sometimes followed by the

chemical composition of the liposome. Nomenclature and a summary

proe

of known liposomes 1s described in Storm et al, 1998, PSIT,

1:19-31. Liposomes are efficient in helping membrane proteins
5 refolding and are also efficient adjuvant boosting the humoral

as well as the cellular i1mmune response agailnst an antigen.

The invention provides pharmaceutical compositions comprising
liposomes constituted from phospholipids. These phospholipids

10 can be synthetized or extracted from bacterial cells, soybean,

eggs.
The invention provides a process for the incorporation of

polypeptides of the invention into different liposome

15 formulations.

Liposomes can be prepared with wvarious synthetic phospholipids

(List 1) or Dbacterial phospholipids and/or cholesterol, which

can be combined at different ratios.

20
The invention provides a method for extracting 1lipids from
bacterial cells 1in order to generate liposome formulations from

bacterial origin. Complex lipid mixtures can be extracted from

several bacterial species. These speciles could include but are

25 not limited to : Neisseria spp, Haemophilus spp, Pseudomonas

spp, Bacteriodes spp, Legionella spp, Vibrio spp, Brucella spp,

Bordetella spp, Campylobacter spp, Klebsiella spp, Salmonella

spp, Shigella spp, Proteus spp, and Yersinia spp. Other species

can pe found in Bergey's Manual of Determinative Bacteriology
30 (1974) (Baltimore).

The liposomes of the inventlon can be prepared from a variety of
vesicle-forming lipids including phosphatidyl ethers and esters,
such as phosphatidylethanloamine (PE), phosphatidylserine (PS),
35 phosphatidylglycerol (PG) and phosphatidylcholine (PC) but also

from glycerides, such as diocleoylglycerosuccinate; cerebrosides;

gangliosides, sphyngomyelin; steroids, such as cholesterol: and
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other 1lipids, as well as excipients such as Vitamin E or Vitamin

C palmitate.

Fluidity and stability of the liposomal membrane will depend

The

on the transition temperature (temperature at which hydrocarbon

t el

regions change from a quasicrystalline to a more fluid state) of

the phospholipids.

Modifications of membrane fluidity, number of lamellae, wvesicle
size, surface charge, lipid to antigen ratio and localization of
the antigen within the liposome can modulate the ajduvanticity

of liposomal preparations.

The preparation of liposomes can be made by a number of
different techniques including ethanol injection; ether
infusion; detergent removal; solvent evaporation; evaporation of
organic solvents from chloroform in water emulsions; extrusion
of multilamellar vesicles through a nucleopore polycarbonate
membrane; freezing and thawing of phospholipid mixtures, as well

as sonication and homogenization.

Lipids can be dissolved in a suitable organic solvent or mixture

of organic solvents, such as a chloroform:methanol sclution i1n a

round bottom glass flask and dried using a rotatory evaporator

to achieve an even film on the vessel.

P

Before immunization, the polypeptides of the invention can also

be coupled or conjugated to carrier proteins such as tetanus

toxin, diphtheria toxin, hepatitis B wvirus surface antigen,
poliomyelitis wvirus VPl antiligen or any other wviral or bacterial
toxin or antigen or any sultable proteins to stimulate the
development of a stronger i1mmune response. This coupling or
conjugation can be done chemically or genetically. A more
detailed description of peptide-carrier conjugation is available

in Van Regenmortel, M.H.V., Briand J.P., Muller S., Plaué 8.,

«Synthetic Polypeptides as antigens» in Laboratory Techniques in
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Biochemistry and Molecular Biology, Vol.19 (ed.) Burdou, R.H. &
Van Knippenberg P.H. (1988), Elsevier New York.

According to another aspect, there are provided pharmaceutical

J compositions comprising one oOr more Pseudomonas polypeptides of

the invention in a mixture with a pharmaceutically acceptable

adjuvant. Suitable adjuvants include (1) oil-in-water emulsion

formulations such as MF59™, GSAF™, Ribi™ ; (2) Freund’s complete
or incomplete adjuvant; (3) salts 1.e. AlK(SO,),, AlNa(SO,),,
10 A1NH, (S0,),, Al1(OH),, AlPO,, silica, kaolin; (4) saponin
derivatives such as Stimulon™ or particles generated therefrom
such as ISCOMs (immunostimulating complexes); (5) cytokines such
as 1interleukins, interferons, macrophage colony stimulating
factor (M-CSF), tumor necrosis factor (TNF) ; (6) other

I5 substances such as carbon polynucleotides i1.e. poly IC and poly
AU, detoxified cholera toxin (CTBland E.coli heat labile toxin
for induction of mnmucosal dmmunity; (7) liposomes. A more
detailed description of adjuvants 1s available in a review by
M.Z2.I Khan et al. in Pharmaceutical Research, wvol. 11, No. 1

20 (1994) pp2-1l, and also in another review by Gupta et al., in
Vaccine, Vol. 13, No. 14, ppl263-1276 (1995) and in WO 99/24578.
Preferred adjuvants include Quilam™, (Q0821™, Alhvdrogel™ and
Adjuphos™.

25 Pharmaceutical compositions of the invention may be administered
parenterally by injection, rapid infusion, nasopharyngeal

absorption, dermoabsorption, or buccal or oral.

The term “pharmaceutical composition” i1s also meant to include
30 antibodies. In accordance with the present invention, there 1is

also provided the use of one or more antibodies having binding
specificity for the polypeptides of the present invention for

the treatment or prophylaxis of Pseudomonas infection and/or

diseases and symptoms mediated by Pseudomonas infection.
335

Pharmaceutical compositions of the invention are used for the

prophylaxis of Pseudomonas infection and/or diseases and

symptoms mediated by Pseudomonas infection as described in

Manual of Clinical Microbiology, P.R. Murray (Ed, in chief),E.J.
23
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Baron, M.A. Pfaller, F.C. Tenover and R.H. Yolken. ASM Press,
Washington, D.C. seventh edition, 1999, 1773p. and in Campa, M.

et al. (Eds.) Pseudomonas aeruginosa as an opportunistic

pathogen (1993) Plenum Press, NY, 419 p.

In one embodiment, pharmaceutical compositions of the present
invention are used for the treatment or nosocomial infections,
especially 1in immunocompromised individuals such as ventilator-
associlated pneumonia in intubated patients, bacteremia in burned

10 patients, chronical infection in cystic Ffibrosis patients and

septicemia. In one embodiment, pharmaceutical compositions of
the invention are used for the treatment or prophylaxis of
Pseudomonas i1nfection and/or diseases and symptoms mediated by

Pseudomonas infection. In a further embodiment, the Pseudomonas

15 infection is mediated by Pseudomonas aeruginosa. In a furtherxr

embodiment, the Pseudomonas infection 1s mediated by Pseudomonas

stutzeri.

In a particular embodiment, pharmaceutical compositions are

20 administered to those hosts at risk of Pseudomonas infection

such as 1infants, elderly and immunocompromised hosts and also
hospitalized patients, cystic fibrosis patilents, people

susceptible to be burnt such as firemen, military personnel.

25 As used in the present application, the term "host" includes

mammals. In a further embodiment, the mammal is human.

Pharmaceutical compositions are preferably in unit dosage form

of about 0.001 to 100 ug/kg (antigen/body weight) and more
30 preferably 0.01 to 10 ug/kg and most preferably 0.1 to 1 ug/kg 1

to 3 times with an interval of about 1 to 6 week intervals

between i1mmunizations.

Pharmaceutical compositions are preferably in unit dosage form

35 of about 0.1 pg to 10 mg and more preferably lug to 1 mg and most
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