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The present disclosure provides compositions comprising an isolated polysaccharide comprising p-1,4 linked galactosamine and
glucosamine monomers, wherein the amino groups of each of the galactosamine and glucosamine are partially substituted with
acetate. The disclosure further provides vaccine, methods of use, and methods of producing the isolated polysaccharide.
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Abstract:

The present disclosure provides compositions comprising an isolated polysaccharide comprising -1,4
linked galactosamine and glucosamine monomers, wherein the amino groups of each of the
galactosamine and glucosamine are partially substituted with acetate. The disclosure further provides
vaccine, methods of use, and methods of producing the isolated polysaccharide.
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ANTIBACUTERIAL CARBOHYDRATE VAUCUINE
{CROSS REFERENCE 70 RELATED APPLICATIONS

HMMIEY  Thas apphcation clamms the benefit of U5, Provisional Application No. 62/943 589, filed on

December 4, 2019, the contents of which is incorporated herein by reference.
Fien

180821  The present disclosure provides compositions, vaceines and methods of use for treating and

preventing Pseadomonas seruginosa mfections.
BACKGROUND

HMME3] P germginosa 13 an opportunistic pathogen that infects millions of people annually causing
Life-threatening infections especially i those mflicted with chronie wounds and mdividuals with the
genetic disorder cysiic fibrosis. Due te the increasing prevalence of antibiotic resistant strams, the World
Health Organization recently designated . weruginosa as a priority pathogen of the greatest risk to
human health. A vaccine to treat or prevent £, aeruginosa infections would be ideal to circumvent these
problems. However, there 1s currently no commercially available vaccine that 15 effective against 2
GeFUZINGSA.

{80847  One major challenge in vaccine design is to identify a suitable target antigen that is highly
immunogentic and sufficiently conserved 1o be broadly protective. For example, vaccines targeting 2.
aeruginosa Hpopolysaccharides, the major component of the outer membrane, fail to generate broad

protection against the diverse 1solates of £, geruginosa that cause human mfection.
SUMMARY

IS Duasclosed heremn are compositions comprising a polysacchande comprising of B-1,4 linked
galactosamine and glucosaming, wherein the amino groups of each of the galactosamine and
glucosaming are partially substituted with acetate. In some embodiments, the polysaccharide i3 isolated.
[60861  Also disclosed herein are vaccimnes, methods of use, and methods of producing the isolated
polysaccharide.

[00871  Other aspects and emboediments of the disclosure will be apparent 1 light of the following

detatled description and accompanying figures.
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BRIFF DESCRIPTION OF THE DRAWINGS

(0088 FIG1 15 a graph of the average molecular weight of secreted Pel at 0.5 kiDa determined by
comparison of Pel, detected with a-Pel immunoblot in size-exclusion fractions, to dextran and cellobiose
standards, detected with a colorimetric assay for neutral sugars.

HMMIB]  FIG 2 is graphs of glycosyl composition and linkage analyses of Peappef and Apef culture
supernatant indicating that Pel 18 composed of 1—4 glveosidic linkages of GalNAc and GleNAc.

I8l FIG 3 is a graph showing Pel 1s cationic and partially deacetviated. Supernatant from
Psappel, but not from Apel, bound a strong-cation exchange column at pH 5.5 and eluted at 1.25 M
NaCl Fractions from the cation exchange column were probed with Pel antiserum {Top}. Load indicates
mmmunoblot of samples loaded to the column. Results shown are from a step gradient (Bottom).

{8011} FIG. 4 is a schematic of the vaccination protocol to characterize cell-associated and humoral
mnmunity. Mice were vaccmated with punified Pel or Pel-carrier conjugate and vanous adjuvants.
Imumunity was evaluated by measuring anti-Pel antibodies and cyvtokines.

{00121 FIG 5 is a schematic of a murine pneumonia challenge model. The efficacy of the vaccine
will be evaluated by measuring P. aeruginosa (Pa) dissemination to distal tissues in vaccinated and
mock-vaccinated mice.

fO0I3] FIGS. 6A-6B are graphs showing that vaccmating against Pel induces high anti-Pel antibody
titers. Total IgG antibody fiter from 14 days post-primary vaccination (FIG. 0A) and post-secondary
vaccination (FIG. 6B) for Pel antigen are shown with and without the adjuvants Alhvdrogel and INI-
2002, Mock-immunized mice were mjected with 2% glycerol. Asterisks denote statistical sigmificance
versus the mock vaccination controls (2% glyeerol). Ordinary one-way ANOV A followed by Fisher's

LS were used to determune statistical analysis where * = p<0.05, ** = p<0.01, and *** = p<0Q.001
PETAILED DESCRIPTION

{34} Section headings as used in this section and the entire disclosure herein are merely for

organizational purposes and are not intended (o be hmiting,

1. Definitions

25 os

[08158]  The terms “comprise{s),” “include(s},” “having,” “has,” “can,” “contain{s),” and variants
thereof, as used heremn, are intended to be open-ended transitional phrases, terms, or words that do not

preciude the possibility of additional acts or structures. The singular forms “a,” “and” and “the” include

2
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plural references unless the context clearly dictates otherwise The present disclosure also contemplates

3% <h

other embodiments “comprising,” “consisting of” and “consisting essentially of,” the embodiments or
elements presented herein, whether explicitly set forth or not.

[8818]  For the recitation of numeric ranges herein, each intervening number there between with the
same degree of precision 1s exphicitly contemplated. For example, for the range of 6-9, the numbers 7
and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the number 6.0, 6.1, 6.2, 6.3,
64,05 66,67, 08,69, and 7.0 are expliciily contemplated.

80171 Unless otherwise defined herein, scientific and technical terms used in connection with the
present disclosure shall have the meanings that are commanly understood by those of ordinary skill in
the art. For example, any nomenclatures used in connection with, and techimiques of, cell and tissue
culture, molecular biclogy, tmmunelogy, microbiology, genetics and protemn and nucleic acid chenustry
and hybridization described herein are those that are well known and commonly used in the art. The
meaning and scope of the terms should be clear; m the event, however of any latent

ambiguity, definitions provided herein take precedent over any dictionary or extrinsic definition.
Further, unless otherwise required by context, singular terms shall include pluralities and plural terms
shall include the singular.

[B0IR]  Ag used heren, “isolated” refers t0 a polynucleotide, polypeptide or other component that 1s
removed from at least one component with which 1t 1s naturally assocated. For example, an 1solate
polynucleotide, polypeptide or other coroponent may be present outside the cell i whuch it is typically
found 0 nature, whether purified or not. Additionally, or alternatively | the isolated component s found
in a context other than that in which it s naturally Tound, e g | separated from mucleotide sequences with
which it typrcally 1s in proxamity 1n nature, or adjacent {or contiguous with} nucleotide sequences with
which it typically 13 not i proxunity. Optionally, an tsolated component, e g, polynucleotide or
polvpeptide, may be subjected to one or more enrichment or purification procedures, e.g., cell lysis,
extraction, centrifugation, precipitation, or the like.

HENIBD  As used berein, the term “preventing” refers to partially or completely delaying onset of an
mnfection, disease, disorder and/or condition; partially or completely delaying onset of one or more
symptoms, features, or manifestations of a particular infection, disease, disorder, and/or condition;

partially or completely delaving progression from an infection, a particular disease, disorder and/or

d
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condition; and/or decreasing the risk of developing pathology associated with the infection, the disease,
disorder, and/or condition.

0207 As used herein, “treat,” “treating” and the like means a slowing, stopping or reversing of
progression of a disease or disorder when provided a composition described herein 1o an gppropriate
control subiect. The term also means a reversing of the progression of such a disease or disorder to a
point of eliminating or greatly reducing the cell proliferation. As such, “ireating” means an application
or admunistration of the compositions described herein to a subject, where the subject has a disease or a
symptom of a disease, where the purpose is to cure, heal, alleviate, relieve, alter, remedy, ameliorate,
improve or affect the disease or symptoms of the disease.

[68211 A “subject” or “patient” may be human or non-human and may include, for example, animal
strains or species used as “model systems” for research purpeses, such a mouse model as deseribed
herein. Likewise, patient may include either adults or juveniles {e.g. . children). Moreover, patient may
mean any hiving organism, preferably a mammal {e g, human or non-human) that may benefit from the
administration of composttions contemplated herein. Examples of mammals include, but are not limited
to, any member of the Manunaliao class: humaaos, non-human primates such as chimpanzees, and other
apes and monkey species; farm animals such as cattle, horses, sheep, goats, swine; domestic animals
such as rabbits, dogs, and caty; laboratory ammals including rodents, such as rats, mice and guinea pigs,
and the hke. Examples of non-mammals include, but are not himited to, birds, fish and the like In one
embodiment of the methods and compositions provided herein, the mammal is a human,

EE I

HMIZ21  As used herein, the terms “providing”, “admunistering,” “introducing,” are used
nterchangeably herein and refer to the placement of the compostiions of the disclosure into a subject by
a method or route which results in at least partial localization of the composition to a desived stie. The
compositions can be administered by any appropriate route which resulis in delivery to a deswred
focation in the subject.

(88231 Preferred methods and matenals are deseribed below, although methods and materials similar
or equivalent to those described herein can be used in practice or testing of the present disclosure. All
publications, patent applications, patents and other references mentioned herein are incorporated by

reference in their entirety. The materials, methods, and examples disclosed herein are iHlustrative only

and not intended to be limiting.
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2. Isolated Polvsaccharide Compuositions

{80241  Disclosed heremn are composifions comprising an wsolated polysaccharide comprismg B-1.4
linked galactosamine and glucosamine monomers, wherein the amino groups of each of the
galactosamine and glucosamine are partially substituted with acetate.
HMIZSR]  In some embodiments, less than 100% of glucosamine and galactosamine amino groups arg
substituted with acetate. In certain embodiments, less than 99%, less than 95%, less than 90%., lgss than
85%%, less than 80%, less than 73%, less than 70%, less than 65%, less than 60%, less than 35%, less
than 50%, less than 45%, less than 40%, less than 359%, less than 30%, less than 25%, less than 20%
less than 15%, less than 10%, less than 5%, or less than 1% of glucosamine and galactosamine amino
groups are substituted with acetate.
{3826}  In some embodiments, 0-99% of glucosamine and galactosanine amino groups are substituted
with acetate. In certain embodimerns, 1-99%6, 3-999%, 10-99%, 15-99%, 20-99%;, 25-90%,, 30-99%, 35-
99%%, 40-99%, 45-99%, 50-99%, 55-99% 60-99%, 65-09%, T0-99%, 75-09%, §0-09%, 85-99%, GO-
G0%, 95-99%, 1-95%;, 5-9539%G, 10-98%, 15-95%, 20-95%;, 25-93%, 30-95%, 35-95%, 40-95%, 45-95%,
50-95%6, 55-05%, 60-95%, 65-95%, 70-95%, 75-95%, 80-95%, 85-95%, 90-95%, 1-90%, 5-90%, 10-
S0%, 15-909%, 20-90%, 25-90%, 30-20%, 35-90%, 40-90%, 45-2 30-90%, 55-90%, 60-20%, 63-
90%, 70-90%, 75-90%, 80-90%, 85-90%, 1-85%, 5-85%, 10-85%, 15-85%, 20~85%, 25-85%, 30-85%,,
35-85%, 40-85%, 45-85%, 50-85%, S5-85%, 60-85%, 65-85%,. 70-85%, 75-85%, 80-85%, 1-80%, 5-

80%, 10-80%, 15-80%, 20-80%, 25-80%, 30-80%, 35-80%, 40-80%, 45-80%, 50-80%, 55-80%, &60-
B0%%6, 65-80%, 70-8094, 75-80%, 1-75%, 5-75%, Y0-75%, 15-73%, 20-TS%, 25-75%, 30-753%, 35-75%,
40-T5%, 43-73%, 50-75%, 55-75%, 60-73%, 63-75%, 70-75%, 1-70%, 5-70%, 10-70%, 15-70%, 20-

70 15

T0%, 25-T0%, 30-70%, 35-70%, 40-T0%, 45-70%, 50-70%, 55-70%, 60-70%, 65-70%, 1-65%, 5-65%
10-65%, 15-65%, 20-65%, 25-65%, 30-65%, 35-65%, 40-65%, 45-65%, 50-65%, 35-65%, 60-65%, 1-
60%, 5-60%, 10-60%, 15-60%6, 20-60%, 25-60%, 30-60%, 35-0%, 40-60%, 45-60%, 50-60%, 55-60%,

1-55%, 3-35%, 10-55%, 15-55%, 20-55%, 25-535%, 30-55%, 35-55%, 40-55%, 45-55%, 50-65%,
3

5~
10-45%, 15-45%, 20-45%, 25-45%,, 30-45%, 35-45%, 40-45%, 0-40%, 1-40%, 5-40%, 10-40%, 15-
4056, 20-40%, 25-40%, 30-40%, 35-40%, 0-35%, 1-35%, 5-35%, 10-35%, 15-35%, 20-359%, 25-35%,
30-35%, -30%, 1-30%, 5-30%, 10-30%, 15-30%, 20-30%, 25-30%, 0-25%, 1-25%, 5-25%, 10-25%,
15-25%, 20-25%, 0-20%, 1-20%, 5-20%, 10-20%, 15-20%, 0-15%, 1-15%, 5-15%, 10-13%, 0-10%, 1-
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100, 5-10%, G-55%, 1-5%, or 0-1% of glucosamine and galactosamine amino groups are substituted
with acetate. In some embodiments, none of the glucosamine and galactosamine amino groups are
substituted with acetate.

88271 In particular embodiments, 1-99%, 5-95%, 10-90%, 13-85%, 20-809%, 25-75%, 30-70%, 35-
65%, 40-60%, or 0-1%6 of glucosamine and galactosamine amino groups are substituted with acetate. In
other embodiments, 1-99% of glucosamine and galactosamine amino groups are substituted with acetate.
In sudl other embodiments, 3-95% of glucosamine and galaciosamine amino groups are substituted with
acetate. In vet other embodiments, 10-90% of glucosamine and galactosamine amino groups are
substituted with acetate  In still other embodiments, 15-85% of glucosamine and galactosamine aming
groups are substituted with acetate. In still yet other aspects, 20-80% of glucosamine and galactosamine
amino groups are substituted with acetate. 1n sull further aspects, 25-75% of glucosamine and
galactosamine amino groups are substituted with acetate. In still further aspects, 30-70% of
glucosamine and galactosamine amino groups are substituted with acetate. In vet further aspects, 35-
65% of glucosamine and galactosamine aming groups are substituted with acetate. In stll vet further
aspects, 40-60% of glucosamine and galactosamine aminoe groups are substituted with acetate. In sull
vet further aspects, 8-1% of glucosamine and galactosamine amino groups are substituted with acetate.
(80281 In select embodiments, less than 60% of glucosamine and galactosamine amino groups are
substituted with acetate. In certain embcdimenﬁs, less than 50%, less than 53%, less than 45%5, less than
40%, less than 35%, less than 30%, less than 25%, less than 20%, less than 159%, less than 10%, less
than 5%, or less than 1% of glucosammne and galactosaming amino groups are substituted with acetaie
In some embodiments, 0-60%, 1-55%, 5-50%, or 10-45% of glucosamine and galactosamine amino
groups are substituted with acetate. In yet other embodiments, 0-60% of glucosamine and
galactosamine amino groups are substituted with acetate. In still yet other embodiments, 1-55% of
glucosamine and galactosamine aming groups are substituted with acetate. In stidi further embodiments,
5-50% of glocosamine and galactosamine amino groups are substituted with acetate. In stilf further
embodiments, 10-45% of glucosamine and galaciosamine amino groups are substituied with acetate.
{60297 In some embodiments, the composition is sterile.

HMIZS]  In some embodiments, the composition comprises greater than 70% of the isolated

polysaccharide. In some embodiments, the composition comprises greater than 75%, greater than 80%,

6
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greater than 85%, greater than 909%, greater than 93%, greater than 96%, greater than 97%, greater than

Q8%, or greater than 99% of the isclated polyvsaccharide.

31 In some embodiments, the isolated polysaccharide comprises the structure;

OH NHR?2
o o (ﬁ@ .
T HO o .
1
NHR OH

wherein R and R? are independently selected from bydrogen and C{OCHs.

[68331 In some embodiments, less than 100% of R and R? are C{OYCH:. In some embodiments, less
than 99%, less than 95%, less than 90%, less than 85%, less than 80%, less than 75%, fess than 70%,
less than 65%, less than 60%, less than 55%, less than 50%, less than 45%, less than 40%, less than
359, less than 30%, less than 25%, less than 20%, less than 15%, less than 1096, less than 5%, or less
than 1% of R' and R” are C(O)CHa.
{133]  In some embodiments, (-99% of R and R? are C{O)CH:. In certain embodiments, 1-99%, 5-
G0%, 10-99%, 15-99%, 20-99%,, 25-99%, 30-99%, 35-00%, 40-99%, 45-99%, 50-99%%;, 55-99%, &60-
08%, 65-99%,, T0-99%, 75-99%, 80-09%, 85-90%,, 00-99%, 95-99%, 1-95%%, 5-95%, 10-95%, 15-95%
20-95%, 25-95%, 30-95%, 35-95%, 40-95%, 45-95%, 50-95%%, 55-95%, 60-95%, 65-95%, 70-25%, 75-

95%, 80-95%, 85-95%, 90-95%, 1-90%, 5-90%, 10-90%, 15-90%, 20-90%, 25-90%, 30-90%, 35-90%,
40-90%, 45-90%, 53-90%%, 55-90%, 60-90%, 65-00%, 70-90%, 75-90%, 80-90%, 85-0(%, 1-85%, 5-
859%, 10-85%;, 15-85%, 20-85%, 25-83%, 30-85%, 35-85%, 40-85%, 45-8 50-85%, 55-85%, &0-
5%, 65-85%, 70-85%, 75-85%, 80-85%, 1-80%, 5-80%, 10-80%, 15-80%, 20-80%, 25-80%, 3G-80%,
35-80%, 40-80%, 45-80%, 50-80%, 55-80%, 60-80%, 65-80%, 70-80%, 75-80%, 1-75%, 5-75%, 10-
T5%, 15-75%, 20-75%, 25-75%, 30-75%, 35-75%, 40-75%%, 45-75%, 50-75%, 55-75%;, 60-73%, &5-
T5%%, T0-75%, 1-70%, 5-70%, 10-70%, 15-70%, 20-70%, 25-70%, 30-70%, 35-70%, 40-T0%, 45-70%,
30-70%, 55-70%, 60-70%, 65-7(%, 1-65%, 5-65%, 10-63%, 15-65%, 20-65%, 25-65%;, 30-63%, 35-
G5%, 40-065%,, 45-65%, 50-65%, 55-653%;, 60-65%, 1-60%, 5-060%, 10-60%, 15-60%, 20-60%, 25-60%,

30-60%, 35 , 40-60%, 45-60%, 50-60%, 55-60%, 1-55%, 5-55%, 10-55%, 15-55%, 20-55%;, 25
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55%, 30-55%, 35-55%, 40-55%, 45-55%, S0-65%,1-50%, 5-50%, 10-50%, 15-50%, 20-50%, 25-50%,
30-50%, 35-50%, 40-50%%, 45-50%, 0-45%, 1-45%, $-45%, 10-45%, 15-45%, 20-45%, 25-45%, 3
45%, 35-45%, 40-45%, 0-40%, 1-40%, 5-40%, 10-40%, 15-40%, 20-40%, 25-40%, 30-40%, 35-40%, O-
1-35%, 5-35%, 10-35%, 15-35%, 20-35%, 25-35%, 30-35%, 0-30%, 1-30%, $-30%, 10-30%, 15-
0%, 20-30%, 25-30%, 0-25%, 1-25%, 5-25%, 10-25%, 15-25%, 20-25%, 0-20% 1-20%, 5-20%, 10-

20%, 15-20%, 0-15%, 1-15%, 5-15%, 10-15%, 0-10%, 1-10%%, 5-10%, 0-55%, 1-3% or 0-1% of R! and

o

R? are C{O)CH:. In some embodiments, R' and R” at every ocourrence are hydrogen.

{60341 Yo particular embodiments, 1-99%, 5-95%, 10-90%, 15-85%, 20-80%, 25-75%, 30-70%, 35-
65%, 40-60%, or 0-1% of R! and R? are C{OYCH;. In some other embodiments 1-99% of R! and R? are
C{O)CHs. In vet other embodiments, 5-95% of R! and R? are C{O¥CH:. In still vet other embodiments,
10-90% of R' and R? are C{QYCHz. In vet further embodiments, 15-85% of R and R” are C{O)CHs. In
yet further embodiments, 20-80% of R and R? are C{OY Hs. In still further embodiments, 20-80% of
R and R? are C{0)CH;. In vet still further embodiments, 25-75% of R! and R? are C{OYH:. In vet
further embodiments, 30-70% of R! and R? are C(OY Hs. In still further embodiments, 35-65% of R!
and R” are C {OYCHz 1o yet stll further embodiments, 406-60% of Rland R?are C (OYCHz. Inostild
further embodirnents, 0-1% of R! and R? are C{OYCH:.

[8038]  In select embodiments, less than 60% of R! and R? are C{OYCHz. Tn certain embodiments,
fess than 50%, less than 55%, less than 45%, less than 40%, less than 35%, less than 30%, less than
25%, less than 20%, less than 15%, less than 10%, less than 5%, or less than 1% of R and R? are
C(OHCHs. In some embodiments, 0-60%, 1-55%, 5-50%, or 10-45% of R* and R? are C{MCHa. In yet
other embodiments, 0-60% of R and R? are C{OYCH:  In still yvet other embodiments, 1-55% of R and
R? are C{OYCH:. Tn still further embodiments, 5-50% of R! and R? are C(G)CH:. In still further
embodiments, 10-45% of R! and R? are C(QYCHs.

{B3836] In some embodiments, the solated polysaccharide 1s comjugated (o a carrier. In some
embodiments, the carrier 18 a peptide carrigr. In select embodiments, the carrier 18 a cross-reactive
material {CRM) or tetaous toxin {11}

[00371  Insome embodiments, the isolated polysaccharide is conjugated to the carrier with a linker,
3. Psendomonas vaccing

[0838] P geruginosa bactenal infections are a major public health threat P. aeruginosa s an

opportunistic bacterial pathogen that causes severe and hife-threatening infections especially in the
3

CA 03160266 2022- 5- 31



WO 2021/113495 PCT/US2020/063086

critically I, immunocompromised patients, and patients with the genetic disorder cystic fibrosis. The
mcidence and economic burden of P. aeruginosa infections is high. P, aeruginosa causes an estimated
10% of all hospital-acquired infections, which affect 1.7 nullion patients and cost $5 billion in medical
care annually in the US alone. £. geruginosa is present in 5-10% of chronically infected wounds, which
affect 6 5 mitlion patients in the US and cost an estimated $235 hithion annually. £ aeruginosg 18 the
primary respiratory pathogen associated with the genetic disease cystic fibrosis which affects one
every 2000 newborns and costs an estimaled 8310,000 per year per patient for the latest FD A-approved
treatment.

{1391 Antihiotics are not effective against chronic P, aeriginosa intections. While antibintic
treatment has improved the management of P, geruginosa infections, once a £, geruginosa infection is
established, it can be wneredibly difficult to eradicate. A prime exarmple of this are F. geruginosa
mnfections in the cystic fibrosis lung which are associated with persistent inflammation, accelerated lung
disease, and mortality. Despite repeated courses of antibiotics, . aeruginosa infections persist in the
cystie fibrosis airways and are rarely if ever cleared. Moreover, multidrug resistant bacteria contribute to
4 serous restriction in treatment options for P, geruginosa infections. Frequently straing of 2.
aeruginosa are becoming resistant to the best available and last-resort antibiotics. Because of this, the
Woaorld Health Organization has identified P. aeruginosa as a priority pathogen of the greatest threat o
human health. Alternative treatment options for this deadly pathogen are urgently needed.

[0048]  The Pel polysaccharide promotes chronwe P. aeriginosa infections. Part of what makes P.
aeruginosa infections so difficult to clear s that £, aeruginosa cells rarsly grow alone. In many
laboratory and infectious environments, £ aeruginosa grows as a biofilm or aggregate of bacterial cells
embedded in a polymer rich matrix. Extracellolar polysaccharides are important components of the
brofilm matrix that contribute to the persistence of biofilm infections by promoting resistance to
antimicrobials and the immune systermn.

80411 A P geruginosa vaceme could prevent life-threatening infections. Individoals with high risk
factors for & geruginosa infections including patients with extended hospital stays, and patients with
diabetes or cystic fibrosis are prime candidates for vaccination. Thus, vaccinating individuals at high
risk for £. aeruginosa infections would thereby eliminate the suffering of many.

f0042) It is well established that the lipopolvsaccharide (LPS)} O-antigen of P. geruginosa elicits a

protective immune response in animals, However, broad-based protection against the 20 different

9
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serotypes of . aeruginosa LPS would require the development of complex and costly multivalent
vaccines. Alternatively, the lipid A of #. geruginosa LPS is a much more highly conserved target, but
toxicity issues prevent further development as a target antigen. Further hindering the clinical
development of LPS-targeted vaccines is the ability of P. aeruginosa to evade host defenses by
modifying s LPS during infection.

[0043] A Pel or Pel-comjugate vaccine may be broadly protectlive against diverse bactenal infections
since the core Pel operon 1s present it a varisly of bacterial pathogens wncluding Bacilli, Closiridia,
Streprtococcet, and Actinobacteria.

[6844]  Disclosed herein 15 an anti-Pseudomonas vaccine that targets the Pel polvsaccharide to
prevent . aeruginosa infections. The vaccine comprises the isolated polysaccharide compositions
described herein in Section 2.

[8845]  The vaccine may comprise an adjuvant or immunostimulant. Adjuvants and
mmmunostimulants are compounds that either directly or indirectly stimulate the immune systen’s
response to a co-administered antigen. Suitable adjuvants are commercially available as, for example,
Freund's Incomplete Adjuvant and Complete Adjuvaont (Difco Laboratories, Detroit, Michu ), Merck
Adjuvant 65 (Merck and Company, Inc., Rabway, N 1), AS-2 (SmithKline Beecham); mineral salts (for
example, aluminum, sibica, kaolin, and carbon}; aluminum salts such as aluminum bydroxide gel {alum},
AIR(S a2, ANa(SOa), AINHa(504), and A{OH)3; salts of calcium (e.g., Cas{PO4p), won or zing; an
msoluble suspension of acylated tyrosine; acviated sugars; cationically or arvomcally derivatized
polysacchandes; polynucleotides (for example, poly IC and poly AU acids); polyphosphazenes;
cyanoacrylates; polymerase-{D -lactide-co~ glycoside); biodegradable microspheres; liposomes; ipid A
and its derivatives; monophosphoryl ipid A, wax D from AMycobacteritan tubercudosis, as well as
substances found i Corynebacterivm parvam, Bordetelia pertussis, and members of the genus
Brucella); bovine serum albumin; diphtherna toxoid; tetanus toxoid; edestin; kevhole-limpet
hemocyanin; Pseudomonal Toxin A; choleragenomd; cholera toxan; pertussis toxim; viral proteins; and
Cuil A, Amwmoalkyl ghicosamine phosphate compounds can also be used (see, e.g., W 98/506399, U &
Pat. No. 6,113,918 {which issued from U.S. Ser. No. 08/853,826), and U.8. Ser. No. 09/074,720,
incorporated hergin by reference). The adjuvants may drive a Thi, Th2, or Th17 response. The
adjuvants may be those described in W(2019169313, WOZ019165114, and W(20192197595,

mcorporated herein by reference.
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M6l In addition, adjuvanis such as cytokines (e g, GM-CSF or interleukin-2, -7, or -12},
mterferons, or tumor necrosis factor, may also be used as adjuvants. Protein and polypeptide adjuvants
may be obtained from natural or recombinant sources according to methods well known to those skilled
in the art. When obtained from recombinant sources, the adjuvant may comprise a protein fragment
comprising at least the immunostinnilatory portion of the molecule. Other known immunostimudatory
macromolecules which can be used welude, but are not limited to, polysacchandes, (IRNA, non-
metabolicable synthetic polymers such as poly vinvlamine, polymethacrylic acid, polyvinylpyrrolidone,
mixed polycondensates (with relatively high molecular weight) of 4' 4-diaminodiphenyimethane-3,3'-
dicarboxylic acid and 4-nitro-2- ammobenzoic acid {See, Sela, M., Science 166 1365-1374 {1969} ar
glycolipids, lipids or carbohydrates.

00471 Vaccine preparation 15 a well-developed art and general guidance in the preparation and
formulation of vaccines is readily available from any of a variety of sources. One such example 18 New
Trends and Developments in Vaccines, edited by Voller et al | University Park Press, Baltimore, Md.,
U.S.A 197

[8048]  The vaccines of the present disclosure may also contain other compounds, which may be
biologically active or inactive. For example, one or more imumunogentc portions of other antigens may
he present, etther meorporated mto a fusion polypeptide or as a separate compound, within the vaceine.
The vaceines may generally be used for prophylactic and therapeutic purposes.

[0049]  The vaccines may be formulated for any appropniate manuoer of admuinistration, and thus
admunistered, including for example, topical, oral, nasal, intravenous, intravaginal, epicutaneous,
sublingual wntracranial, mtradermal, intraperitonsal, subceutaneous, intramuscudar admunistration, or via
mhalation.

(80507  The vaccines may also comprise buffers {e.g., neutral buffered saline or phosphate buffered
saline}, carbohydrates (e.g., glucose, mannose, sucrose or dextrans), manmtol, protems, polypeptides or
amino acids such as glycine, antioxidants, bacteriostats, chelating agents such as EDTA or glutathione,
sohutes that render the formulation 1sotonie, hypotonic or weakly hyvperionic with the bloed of g
recipient, suspending agents, thickening agenis and/or preservatives. Alternatively, vaccines may be
formulated as a lyophilisate. Compounds may also be encapsulated within liposomes using technology

and techniques well known to those skilled in the art.
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4. Methods of Use

{88311 The present disclosure provides methods for treating, reducing or preventing Pseudomonas
aeruginosa infection in a subject in need thereof The methods include administering to the subject an
effective amount of the compositions or vaccines disclosed herein.

HMISZY  The present disclosure provides methods for treating, reducing or proventing Pseudomonas
aeruginosa lung infection in a subject suffering from cystic fibrosis. The methods include administering
to the subject an effective amount of the compositions or vaccines disclosed hergin.

[88531  An “effective amount” of the compositions or vaccines disciosed herein 13 an amount that is
delivered to a subject, either in a single dose or as part of a serigs, which is effective for inducing an
munune response against Pseudomonas aeruginosa i the subject. This amount varies depending upon
the health and physical condition of the subject 1o be treated, the capacity of the subject's immune
system to synthesize antibodies, the formulation of the peptides, compositions or vaceine, and other

relevant factors. The s

It 15 expected that the
amount will fall in a relatrvely broad range that can be determined by one of skill in the art through
routine trials.

[6054] For example, an effective amount of a compound of the compositions described here, may
contain about 0.0001 mg to about 1 mg, about 0.01 mg to about 1 mg, about 8.1 mg to about T mg, about
0.0001 mg to about 0.9 mg, about 0.01 mg 1o about 4.9 mg, about 0.1 mg to about 0.9 mg, about 0.0001

mg to about 0.8 mg, about 0.01 mg to about 0.8 mg, about 0.1 mg 1o about 0.8 mg, about 0.0001 mg to

about 0.7 mg, about 0.01 mg to about 0.7 myg, about 0.1 mg to about 8.7 mg, about 0.0001 mg to about
(.6 mg, about 0.01 mg to about 0.6mg, about 0.1 mg to about (.6 mg, about 0.0001 mg to about 8.5 mg,
about 0.01 myg to about 0.5 myg, about 0.1 myg to about 0.5 mg, about 0.0001 mg to about 0.4 mg, about
.01 mg to about (.4 mg, about 0.1 mg to about 0.4 mg, about 0.0001 mg to about 0.3 mg, about 0.01
mg o about 0.3 myg, about 0.1 mg 1o about 0.3 mg, about 0.0001 mg to about 0.2 mg, about 0.01 mg to
about 0.2 mg, about 0.1 mg to about 0.2 mg, about 0.0001 mg to about 0.1 mg, about 0.01 mg to about
0.1 mg, about 0.0001 mg to about 0.01 mg, or about 0.0001 mg to about 0.001 mg of the Pel

polysaccharide.
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HMISSD  The compositions of vaccines disclosed herein can be administered in a wide variety of
therapeutic dosage forms 1n the conventional vehicles for topical, oral, systemie, local, and parenteral
administration.

{8056 The route and regimen of admimstration will vary depending upon the population and the
indication for vaccination and 1s to be determined by the skilled practitioner. For example, the vaccines
disclosed herein may be administered m such oral dosage forms for example as tablets, capsules {each
wncluding tuned release and sustained release formulations), pulls, powders, granules, elixirs, tinclumes,
solutions, suspensions, syrups and emulsions, or by injection. Similarly, they may also be adounistered
parentally, e g | in intravenous {etther by bolus or infusion methods), intraperitoneal, subcutaneous,
topical with or without occlusion, or intramuscular form.

3057 The adminstration may comprise an inttial immunization or dose and at least one subsequent
mmmunization or boosier dose, following known standard immunization protocols. The boosting doses
will be adequately spaced at such times where the levels of circulating antibody fall below a desired
level Boosting doses may consist of ane or both of the peptides disclesed herein and may comprise
alternative carriers and/or adjuvants. The booster dosage levels may be the same or different that those
of the initial immunization dosage.

(80881  The specific dose level may depend upon a variety of factors including the activity of the
peptide, composition or vaceine, the age, body weight, general health, and diet of the subject, time of
adminstration, and route of admnstration,

HMISBY  The compositions and vaccines may be prepared, packaged, or sold in a form suitable for
bholus administration or sold i unit dosage forms, such as in ampules or multi-dose containers
containing a preservative.

{8868  The present disclosure provides for the use of the compositions disclosed herein i the

manufacture of a medicament for the treatment or prevention of Psexdomonas aeruginosa mfections.

A Examples
Example §
Purification of Pel polysaccharide from £ aeruginosa
88611 Swze exclusion chromatography mdicates that Pel bas two tforms: a larger cell-associated form
which is greater than 80 kDa and a smaller secroted form that 15 0.5 kDa (FIG. 1), Secreted Pel can be
purified from an overproduction strain in sufficient quantity, purity, stabihity for the testing.
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HMIG2]  Straing were cultivated on Jensen's medinm which contained NaCl (85 6 mM), KoHPOs (14 4
md), sodium glutamate {92 mM)}, valine (24 mM)}, phenylalanine (8 mM}, glucose (70 mM),

MgSOs (1.33 mMy, Callz (0.14 mM)}, FeSG4 (0.00392 mM)}, and ZnS04 {0.0085 mM) at pH 7.3

{80831 Pel polysaccharides were purified by harvesting the supernatant from a strain engineered to
overproduce Pel in the presence of arabinose PAO1 Awspd Aps/ Paappef (heremn Prappel). Jensen’s
medium (50 mL} was moculated with 0.5 mb of overnmight culture of Prappe/ Cultures were grown for
20 hat 37 °C with constant shaking. To obtam secreted Pel, the supernalant was harvested by
centrifugation (8,300 < g for 15 nun at 22 °C). Secreted Pel was precipitated for 1 h at 4 °C with ethanol
{final concentration 75% wvol/voly. The precipitate was washed three times with 95-100% {(vol/vol)
ethanol, resuspended in 2 mL of butter {1 mM CaCl: and 2 mbM MgCh in 50 mdM Tris, pH 7.5}, and
treated with 5 mg DNase 1 and 5 mp RNase A for 2 hoat 37 °C, tollowed by 5 mg of proteinase K
overnight at 37 “C. The precipitated polysaccharides were dialyzed against water (100 kDa molecular-
weight cut off), followed by mild sonication and treatment with polvmyxin B to remove endotoxins.
{0064}  The Pel polysaccharide, which is encoded by a seven-gene operon (peld-pelG), 1s an
extracellular polysaccharide produced by 2. aeruginosa. Pel promotes cluonic P aeruginosa mfections
by enhancing the structural integrity of biofilms and increasing the tolerance of the bactena to
antibiotics. Although previous reports suggested that glucose was a primary component of Pel, it was
found that Pel 15 a cationic amino sugar polymer composed of partially acetylated B-1,4 glycosidic
hokages of N-acetylgalactosamine {GalMNAc) and N-acetylglucosamine (GleNAC) (FIG. 2). Glyeosyl
composition analysis indicates that Pel 15 rich in N-acetylgalactosamine (GalNAg, 72.5 4 3.6 mol %6)
and N-acetylghucosamine {GleNAc; 14 5 £ 2 6 mol %) In controls lacking pef genes, GalNAc was
below detection, and GleNAc was 1.4+ 0.3 mol %. The ratio of GalNAc to GleNAc was 5:1 (: 0.7} and
could mdicate either a nunimum repeating wnit or a random incorporation of GleNAc mio the
polysaccharnide. Pel, detected with anti-Pel immunoblot, bound a sirong cation exchange column
mdicating that the polysaccharide has an overall positive charge and that the GalNAc and GleNAg¢
sugars are partially deacetylated (FIG. 3}

[8065]  Polyclonal antibodies raised against purified Pel in rabbits indicated that Pel s immunogenic

(FIG. 3 rop).
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Example 2
Bevelopment of anti-Pel vaccine

{3661 The Pel polysaccharide will be purified as described above. The Limulus Amebocyte Lysate
(LALY test will be used to confirm that the purified Pel is endotoxin free. If required, Pel can be further
purified by size exclusion. The Pel polysaccharide may be coupled to a carrier protein such as crosg-
reactive materials (CRM) or tetanus toxin (TT) to mduce a stronger immune response.
67 A quaniitative ELISA will be developed {or detecting serum IgG, IgG1 and 1gG2 polyclonal
antibodies against Pel. For these studies, serum collected from mice immunized with the Pel
polysaccharide conjugate will be used Mice (CS7B16, n=30, 50% male/female) will be vaccinated
twice via mtramuscular igection with 14 days between vaccinations (FIG. 4}, Serum from mock-
amunized mice (PBS) will serve as an additional control to establish sensitavity and lower lunit of
guantitation for the assay. Purified Pel will be the target antigen for the ELISA assays. Control antigens
will include plates coated with Psl, a different extracellular polysaccharide produced by . aeruginosa.
{80681 Tnutially, the magnutude and duration of anti-Pel vaccine responses in 8-10 C537816 mice per
group mmunized with the Pel conjugate will be defined without an adjuvant. Mice will be vaccinated
twice via intframuscular injection with 14 davs between the primary and secondary vaccemations (FIG. 4).
Cell-mediated immunity will be evaluated in a subset of 4 mice per group by measuring Th1/Th2/Thi?
cviokine levels i splenocyte cultures {assaved by multiplex MSD assay) and/or ELISPOT assay to
deternune the frequency of antigen specific CD4 and CD8 T-cells. Humoral uonmunity will be measured
m 810 mice/group via assessments of Pel-specific serum 1gGl and IgGG2h at 14 days following each
vaccination. The magmitude of these antibody responses will be measured using the ELISA assays as
described above. Secondary endpoints will include assessment of vaceine safety through weight
gain/loss and monitoring of observable clinical symptoms (ruffled fur, hunched posture) following
vaccination.
{8069 Hawving defined baseline responses to immunization against the Pel conjugate without an
adjuvant, the immunogenicity of the Pel conjugate with adjuvants driving either Thi, Th2, or Thi7
responses will be evaluated. The endpoints will be readouts of cellular and humoral immunity, as
described above.

Exampie 3

Pel tmmunity
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Y78 Vaccinating against amino sugar polysaccharides is effective at preventing S, gurens and K.
coli bacterial infections. However, no vaccine is available for the prevention of £, aeruginesa infections
i humans. Mice will be vaccinated against Pel and infection pathogenesis will be monitored in a mouse
model of pneumonia.

HM¥7T3] The ahibity of anti-Pel immunity 1o prevent £. geruginosa mfections will be tested in a murine
pieumonia challenge model (FIG. 5). Twenty-cight days prior to infection, mice (C37B16, 8 mice for
each condition) will be vaccinated with the Pel-conjugate vaccine, with or without an adjuvate, or a PBS
mock vaccine, followed by a booster vaccine 14 days later. The mice will be challenged with £
aeruginosa strain PAO1 that produces Pel or a pel-deletion mutant. Control mice will be challenged
with sterile PBS. Bacteria will be introduced to the mice lung by oropharyngeal aspiration. Inoculating
doses will be determined empirically. Viable bacteria will be enumerated m homogenized lungs,

spleens, and blood in immunized and mock-immunized animals at 3, 4, and 5 days post-infection.

Example 4

Tmmuoensg Activation by Pel Polysaccharide
[3872]  The Pel polvsaccharide was purified by harvesting the supernatant from a strain engineered o
overproduce Pel in the presence of 0.5% arabinose PAOT Awspl Apsi AR2 Awbpi, Poavpel (herein
Peavpel). To reduce endotoxin contamination in polysaccharide preparations, the overexpression strain
included a whpd. deletion, which rendered 1t deficient 1o A-Bund and B-Band bipopolysacchandes.
Peaoped was cultivated on Jensen's defined medium which contained WaCl {85.6 mM), KuHPGs (14 .4
mM), sodium glutamate (92 mM), valine (24 mM), phenylalanine (8 mM), glucose (70 mM),
MgSOs (1.33 oMy, Call: (014 M), FeSO4 {(8.0039 mM), and ZnS04 (0.0085 o) at pH 7.3,
T3] Jensen's medwumn (100 b} was moculated with 100 pl of overmight culture of Peanpel,
Cultures were grown for 18 h at 37 “C with constant shaking. To obtain secreted Pel, the supernatant
was harvested by centrifugation {8,300 x g for 15 mun at 22 °C). Secreted Pel was precipitated for 1 h at
-20 °C with ethanol {final concentration 75% vol/vol}. The precipitate was washed three times with 95—
100% {vol/vol) ethanol, resuspended 1 2 mL of buffer {1 oM Callz and 2 mM MgCh in 50 mM Tris,
pH 7.5), and treated with 5 mg DNase I and 5 mg RNase A for 2-3 hat 37 7€, followed by 3 mg of
proteinase K overnight at 37 °C. Protenasse K-treated samples were sthano! precipitated again and

washed with 93-100% ethanol. The precipitated polysaccharides were dialyzed against water (100 kDa
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molecular-weight cut off} Dialyzed samples containing purified Pel were Ivophilized and stored a: 4 °C
until use.

{074]  Pel was formulated by weighing 24,10 mg of the purified material and bringing it to 12 pg/ul
in 2% glycerol The mixture was divided into two 1 mL vials, each sonicated for | hour at 30°C ina
Covaris Focused Ultrasonicator 1o break up Pel agoregates before combining and sonicating for an
additional 30 minutes. The final sonicated formulation was used for injections as noted below.

BRTSE A guaniitative ELISA was developed for delecting {otal serum [g(3 polyclonal antibodies
against Pel. For these studies, serum collected from mice immunized with puritied Pel polysaccharide
was used. Mice (BALB/c, n=5, female} were vaccinated twice via intramuscular injection with 14 days
between vaccinations. Serum from mock-immunized mice (2% glycerol) served as a negative control to
establish sensitivity and lower hmut of quantitation for the assay.

{88761 To determine the immunogenicity of Pel, female BALB/C mice ages 6-8 weeks old {5
mice/group) were vaccinated by intramuscular mjection in the left hind limb with the purified Pel
polysaccharide antigen with and without adjuvant. Pel antigen doses were 10 g and 100 ug of purified
Pel. Immunostimulatory adjuvanis tested were (1) Alhydrogel® (alum) at 2X the antigen concentration
and (11) Alhvdrogel plus adjuvant INI-2002 (1 ug), a TLR4 agonist. Mice were vaccinated twice with 14
days between the primary and secondary vaccinations. Fourteen days after the primary injection
submandibular blesds were performed, and serum was separated using Microtainer Serum Separator
Tubes (BD Biosciences) theo stored at — 20 "C until use. Fourteen days after the secondary uyection, the
mice were enthanized, and blood was collected via cardiac puncture.

(00777 Serum was analyzed via ELISA {or Pel-specific total IgG antibody titers. Serum was dilated
according to the expecied antibody response {1:10). MaxiSorp ELISA plates (Nune) were coated with
100 ul of 10 ug/mlb Pel overnight at RT. Plates were washed 3 tines with 0.05% Tween-20 1n PBS
(PBS-T) {(Sera Care cat: 54600-0026) then blocked with EIA buffer (1% BSA, 0.1% tween-20, 5% FBS)
al 37 °C for 1 ke Serum was incubated at a 111 ratio with lysate genevated from pel-deficient 7.
aeruginosa strains (PAOT Awsp# Apsi Apef and PAT4 Apell) for 1 hat 37 °C to and any IgG
antibodies not spectfic for Pel. Following removal of E1A, plates were incubated with serum serial
diluted m 110 ETA buffer {eight dilutions per sarople at 1:3 dilution) for 2 h at 37 °C, washed three
times with PBS-T then incubated with 1:3000 anti-mouse IgG-HRP secondary antibodies in 110 ElA

buffer for 1 b at 37 °C {Southern Biotech). Secondary antibodies were detected by addition of RT TMB
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Substrate {BD Biosciences) for 20 mn, stopped with 50 pl 2N sulfuric acid (Ricea cat: 8310-32),
followed by measurement of O at 450 nm using a Molecular Devices SpectraMax 190 microplate
reader. Serum antibody titers are reported as the dilution factor of each sample that yvielded an OD of
(3.300 calculated by determining the best fit line to the absorbance vahues of the serial dilutions and then
extrapolating {(XLFit, HDBS).

{88781 FIG. 6 shows anti-Pel serum antibody titers at 14 days post primary and 14 days post-
secondary from groups vaccinated with indicated doses of Pel antigen with or without adjuvant.

HI7T98L Mice, except from the vehicle-control group, received etther 10 ug or 100 pg of Pel antigen.
The anti-Pel toial 1gG antibody response at 14 days post-primary increased in a Pel dose-dependent
manner with the highest observed titers at doses of 100 pug Pel. At 14 days post-secondary, both doses of
Pel elicited significantly higher total serum 1g( than the vehicle control group. The data suggest that
100 pg of Pel is an optimal dose following a single vaccination while sither 10 or 100 ug of Pel i
sufficient for a prime and boost vaccine schedule.

8088 FIG. 6 also shows the effect of immunostimulatory adjuvants on anti-Pel serum IgQG.
Adjuvants tested were alum alone and INI-2002 adjuvant adsorbed on alum. At the concentrations
tested, both adjuvants increased the total anti-Pel serum antibody titers in relation to the vehicle control,
but were generally lower than Pel-alone groups. These data suggest that Pel, in the current purified form,
may not require an adjuvant to stimulate high antibody titers.

88811 Collectively, these data demonstrate that this Pel vaccine elicits a robust immune response in
mice. One or two injections induce high total anti-Pel 16 antibody titers.

{8083  For reasons of completeness, various aspects of the invention are set out in the following
numbered clauses:

{0883  Clause 1. A composition comprising a polysaccharide comprising B-1.4 linked galactosamine
and glucosamine monomers, wherein the amino groups of each of the galactosamine and glucosamine
are partially substituled with acetate.

[0084] Clause 2. The composition of clause 1, wherein the polysaccharide 1s 1solated.

{851 Clause 3. The composition of clause 1 or clause 2, wherein less than 100% of the
glucosamine and galactosamine amino groups are substituted with acetate

{66! Clause 4. The composition of any of clauses 1-3, wherein 10-90% of the glucosamine and

galactosamine amino groups are substituted with acetate.
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HMIR71 Clause 5. The composition of any of clauses 1-4, whersin 20-80% of the slucosamine and
galactosamine amino groups are substituted with acetate.

{8881 Clause 6. The composition of any of clauses 1-3, wherein less than 60% of glucosamine and
galactosamine amino groups are substituted with acetate,

{891 Clause 7. The composition of clause 6, wherein 1-55% of glucosamine and galactosamine
amine groups are substituted with acetate.

98] Clause 8. The composition of clause 7, wherein 10-45% of glucesamine and galactosamine
amino groups are substitited with acetate.

{68911 Clause 9 The composition of any of clauses 1-3, wherein 0-1% of glucosamine and
galactosamine amino groups are substituted with acetate.

30921 Clause 10, The composition of any of clauses 1-9, wheremn the composition 1s sterile,
88937 Clause 11. The composition of any of clauses 1-10 wherein the polysaccharide comprises

fornmula (1)

OH NHR?
A o oo /o
HO G
4
NHR Ok
@

wherein R’ and R? are independently selected from hydrogen and C{O)CH:s.
{0941 Clause 12. The composition of clause 11, wherein less than 100% of R and R* are C{O}CH:.
(88981 Clause 13, The composition of clause 11-12, wherein 10-90% of R and R? are C{OY H:s.
[0896]  Clause 14, The composition of clause 11-13, wherein 20-80% of R' and R* are C{O)CH:.
LS
C{OY Hs.
(30981 Clause 16, The composttion of clause 15, wherein 1-55% of R! and R? are C{Q)CHa.

(88991  Clause 17. The composttion of clause 16, wherein 10-45% of R! and R? are C(O) Ha.
|

Clause 15. The composition of clause 11-14, wherein less than 60% of R' and R” are

$#13  Clause 18, The composttion of any of clauses 1-17, wherein the isolated polysacchande 1s
conjugated to a carrier,
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B} Clause 19 The composition of clause 18, wherein the carrier is a peptide or protein carrier.
{6162}  Clause The composition of clause 18 or clause 19, wherein the carrier is a cross-reactive
material (CRM) or tetanus toxin (TT}.

{61831 Clause 21, The composition of any of clauses 18-20, further comprising a linker between the
isolated polysaccharide and the carrier.

[0164] Clause 22. A vaccine comprising the composition of any of clauses 1-21 and at least one
adjuvant.

61651 Clause 23 A method for treating, reducing or preventing Pseudomonas aeruginosa 1nfeciion
in a subject in need thereof, comprising administering to the subject an effective amount of the
composition of any of clauses 1-21 or the vaccine of clause 22

[3186] Clause 24, The method of clause 23, wherein the adnunistering comprises an initial
mmmunization and at least one subsequent immunization.

[81871 Clause 25 Use of the composition of any of clauses 1-21 i the manufacture of a medicament
for the treatment of prevent of Pscudomonas acruginosa mfections.

[8188]  Clause 20, A method for treating, reducing or preventing Pseadomonas aeruginosa lung
mfection in a subject suffering from cvstic fibrosis, comprising administering to the subject an effective
amount of the composition of any of clauses 1-21 or the vaceine of clause 22

{088 Itis understood that the foregoing detailed description and accompanying examples are
merely dlustrative and are not to be taken as mutations upon the scope of the disclosure, which 1s
defined solely by the appended claims and their eguivalents.

0110}  Vanous changes and modifications to the disclosed embodiments will be apparent to those

skilled in the art and may be made without departing from the spirit and scope thereof
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CLAIMS

What 1s claimed 15

1. A compostion comprising a polysaccharnide comprising $3-1,4 linked galactosamine and glucosamine
monomers, wherein the ammo groups of each of the galactosamine and glucosamine are partially
substituted with acetate.

2. The composition of claim 1, wherein the polysaccharide is isolated.

3. The composition of claim 1 or claim 2, wherein less than 100% of the glucosamine and
galactosamine amino groups are substituted with acetate.

4. The composition of any of claims 1-3, wherein 10-90% of the glucosamme and galactosamine amine
groups are substiiuted with acetate.

5. The composition of any of clatms 1-4, wheremn 20-80% of the clucosamine and galactosamine ammno
P Y N
groups are substituted with acetate.

6. The composition of any of claims 1-3, wherein less than 60% of glucosamine and galactosamine
armne groups are substituted with acetate.

7. The composition of claim 6, wheremn 1-55% of glucosamine and galactosamine aming groups are

substituted with acetate.

3. The composition of claun 7, wherein 10-45% of glucosamine and galactosamine aming groups are

substituted with acetate.

9. The composition of any of ¢laims 1-3, wherein 0-1% of glucosamine and galactosamine aming groups

are substituted with acetate.

10, The composition of any of claims 1-9, wherem the composition 1g sterile.
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11. The composition of any of claims 1-10 wherein the polysaccharide comprises formula (1)

A -Q, Q;jac} 7
" HO. AV O
‘ 1
NHR OM
¢y

wherein R and R* are independently selected from hydrogen and C{(O)YCHa.
12. The composition of claim 11, wherein less than 100% of R' and R? are C(O)CHs.
13. The composition of claim 11-12, wherein 10-90% of R! and R? are C{OYH:.
14. The composition of claim 11-13, wherein 20-80% of R! and R? are C{O)CHs.
15. The composition of claim 11-14, wherein less than 60% of R} and R® are C({O)CH3.
16. The composition of claint 15, wherein 1-55% of R and R? are C(OYCH:.
17. The composition of ¢laim 16, wherein 10-45% of R! and R? are C(OY(Ha.

18, The composition of any of ¢claims [-17, wherein the 1solated polysacchande ts conjugated to a

carrier.
19 The composition of claim 18, wherein the carrier 15 a peptide or protein carrier.

20. The composition of claim 18 or claim 19, wherein the carrier 18 a cross-reactive material (CRM) or

tetanus toxan (TT).

21. The composition of any of claims 18-20, further comprising a linker between the 1solated

polysaccharide and the carrier.
22. A vaccine comprising the composition of any of claims 1-21 and at least one adjuvant.

23. A method for treating, reducing or preventing Pseudomonas aeruginosa iwfection in a subject in
need thereof, comprising administering to the subject an effective amount of the composition of any of

claims 1-21 or the vaccine of claim 272,
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24, The method of claim 23, wherein the administering comprises an inttial immunization and at least

one subsequent immunization.

25. Use of the composition of any of claims 1-21 1n the manufacture of a medicament for the treatment

of prevent of Pseudomonas aeruginosa imfections,

26. A method for treating, reducing or preventing Psendomonas aeruginosa lung infection in & subject
suffering from cystic fibrosis, comprising administering to the subject an effective amount of the

composition of any of claims 1-21 or the vaccine of claim 22.

23
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