ANTI BACTERI AL PHAGE, PHAGE PEPTI DES AND METHODS OF USE THEREOF 1. SEQUENCE
LI STI NG [ 0001] The i nstant application contains a Sequence Listing which has
been subrwOnRew/a36s84SClI 1 fornmat via EFS-Web and i s her ebpCiregeripos@sed by
reference inits entirety. Said ASCI| copy, created on Septenber 14, 2011,
I's naned 16395US1.txt and is 3,295,858 bytes in size. 2. RELATED

APPLI CATI ON [ 0002] This application clainms priority fromU.S. Provisional
Application No. 61/384,015, filed on Septenber 17, 2010, the contents of

whi ch are hereby incorporated by reference in their entirety. 3. FIELD OF
THE |1 NVENTI ON [ 0003] The present invention is directed to the field of phage

therapy fRRTIRECTERPAIPHAGEPHAGE PEPTIDES AND METHODS OF USE
THEREOF

1. SEQUENCE LISTING

[0001] The instant application contains a Sequence Listing which has been submitted in
ASCII format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on September 14, 2011, is named 16395US1.txt and is 3,295,858 bytes in size.

2. RELATED APPLICATION
[0002] This application claims priority from U.S. Provisional Application No. 61/384,015,
filed on September 17, 2010, the contents of which are hereby incorporated by reference in their

entirety.

3. FIELD OF THE INVENTION

[0003] The present invention is directed to the field of phage therapy for the treatment and
control of bacterial infections. In particular, the present invention is directed to the novel
bacteriophage F387/08, F391/08, F394/08, F488/08, F510/08, F44/10, F125/10, isolated
polypeptides thereof, compositions comprising one or more of the novel bacteriophage and/or
isolated polypeptides; and methods for the treatment and prevention of bacterial infections
caused by, e.g., Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Escherichia coli, and/or Pseudomonas aeruginosa, either alone or in combination with other

therapies, e.g., antibiotics or other phage therapies.

4. BACKGROUND

[0004] Bacteriophage (phage) are viruses that specifically infect and lyse bacteria. Phage
therapy, a method of using whole phage viruses for the treatment of bacterial infectious diseases,
was introduced in the 1920s by Felix d’Herelle. Initially, phage therapy was vigorously
invéstigated and numerous studies were undertaken to assess the potential of phage therapy for
the treatment of bacterial infection in humans and animals. Early success prompted the
development of multiple commercial phage preparations. For example, in 1940 Eli Lilly
Company produced 7 phage products for human use, including phage preparations for treating

different sicknesses caused by Staphylococcus sp., E. coli and other pathogenic bacteria. These
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there is a need for bacteriophage capable of lysing nosocomial bacteria, including
Styphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Escherichia coli,
and/or Pseudomonas aeruginosa. Because most phage and phage peptides studied to date
exhibit activity directed specifically against the species (or subspecies) of bacteria from which
they are isolated, the novel phage-based therapies may find particular use in the hospital setting,

selectively targeting nosocomial pathogens without affecting the normal surrounding flora.

3. SUMMARY

[0008] The present disclosure is directed to isolated bacteriophage and to isolated antibacterial
polypeptides of bacteriophage origin for the treatment, prevention, or management of conditions
associated with infection by Gram-positive or Gram-negative bacteria. In particular, the isolated
bacteriophage or polypeptides of the disclosure may be used in pharmaceutical compositions for
the treatment, prophylaxis, or management of infection by nosocomial pathogens, e.g., Gram-
negative bacteria including but not limited to Klebsiella pneumoniae, Acinetobacter baumannii,
Escherichia coli, and Pseudomonas aeruginosa; and Gram-positive bacteria including but not
limited to Staphylococcus aureus. In certain embodiments, the pharmaceutical compositions of
the disclosure are of use in the treatment of conditions associated with infection by antibiotic
resistant strains of bacteria, e.g., methicillin resistant strains of Staphylococcus aureus (MRSA).
In particular embodiments, the isolated bacteriophage or polypeptides of the disclosure are used
for the topical treatment of infection by nosocomial pathogens in a subject in need thereof. In
other embodiments, the isolated bacteriophage or polypeptides of the disclosure are used for the
diagnosis of the infective agent in a sample (e.g., tissue, blood, urine, sputum sample) derived
from a patient. In other embodiments, the isolated bacteriophage or polypeptides of the
disclosure are used as a prophylactic disinfectant or anti-infective for the preparation of solid
surfaces, including skin-or other epidermal surfaces.

[0008a] In one aspect, there is provided an isolated bacteriophage having a genome which
comprises at least 99% sequence identity to the nucleotide sequence of SEQ ID NO:1, and
having antibacterial activity against Klebsiella preumoniae.

[0009] In certain embodiments, the disclosure provides an isolated bacteriophage, F391/08,

having a genome comprising the nucleic acid sequence of SEQ ID NO:1 (FIGS. 15A-1511I) and
exhibiting antibacterial activity against one or more strains of Klebsiella pneumoniae. In other
embodiments, the disclosure provides an isolated bacteriophage, F394/08, having a genome
comprising the nucleic acid sequence of SEQ ID NO:2 (FIGS. 16A-16Q) and exhibiting
antibacterial activity against one or more strains of Acinetobacter baumannii. In yet other

embodiments, the disclosure provides an isolated bacteriophage, F488/08, having a genome



comprising the nucleic acid sequence of SEQ ID NO:3 (FIGS. 17A-17KKKK} and exhibiting
antibacterial activity against one or more strains of Escherichia coli. In still yet other
embodiments, the disclosure provides an isolated bacteriophage, F510/08, having a genome
comprising the nucleic acid sequence of SEQ ID NO:4 (FIGS. 18A-18X) and exhibiting
antibacterial activity against one or more strains of Pseudomonas aeruginosa. In still yet further
embodiments, the disclosure provides an isolated bacteriophage, F44/10, having a genome
comprising the nucleic acid sequence of SEQ ID NO:560 (FIGS. 19A-19UUU) and exhibiting
antibacterial activity against one or more strains of Staphylococcus aureus. In still yet further
embodiments, the disclosure provides an isolated bacteriophage, F387/08, having a genome
comprising the nucleic acid sequence of SEQ ID NO:781 (FIGS. 20A-20KKKK) and exhibiting
antibacterial activity against one or more strains of Klebsiella pneumoniae. In still yet further
embodiments, the disclosure provides an isolated bacteriophage, F125/10, having a genome
comprising the nucleic acid sequence of SEQ ID NO:1074 (FIGS. 21A-217Z7ZZ) and exhibiting
antibacterial activity against one or more strains of Staphylococcus aureus.

[0010] The disclosure also encompasses isolated bacteria infected with one or more

bacteriophage of the disclosure. In specific embodiments, the disclosure provides an isolated K.
preumoniae ‘infected with a bacteriophage having a genome comprising or consisting of the
nucleic acid sequence of SEQ ID NO:1. In other embodiments, the disclosure provides an
isolated 4. baumannii infected with a bacteriophage having a genome comprising or consisting
of the nucleic acid sequence of SEQ ID NO:2. In still other embodiments, the disclosure
provides an isolated E. coli infected with a bacteriophage having a genome comprising or
consisting of the nucleic acid sequence of SEQ ID NO:3. In yet other embodiments, the
disclosure provides an isolated P. aeruginosa infected with one or more bacteriophage having a
genome comprising or consisting of the nucleic acid sequence of SEQ ID NO:4. In still yet other
embodiments, the disclosure provides an isolated S. aureus infected with one or more
bacteriophage having a genome comprising or consisting of the nucleic acid sequence of SEQ 1D
NO:560. In still yet further embodiments, the disclosure provides an isolated K. preumoniae
infected with one or more bacteriophage having a genome comprising or consisting of the
nucleic acid sequence of SEQ ID NO: 781. In still yet further embodiments, the disclosure
provides an isolated S. awreus infected with one or more bacteriophage having a genome

comprising or consisting of the nucleic acid sequence of SEQ ID NO: 1074.



[0011] The present disclosure encompasses polypeptides isolated from bacteriophage F387/08,
F391/08, F394/08, F488/08, F510/08, F44/10, and/or Fi25/10, which polypeptides exhibit
antibacterial activity against one or more species or strains of Gram-positive or Gram-negative
bacterium, e.g., K. preumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S. aureus. In
specific embodiments, the polypeptides of the disclosure isolated or derived from F387/08 and
F3910/08 exhibit antibacterial or antimicrobial activity, e.g., lytic killing activity, against at least
K. pneumoniae; those isolated or derived from F394/08, against at least 4. baumannii; those
isolated or derived from F488/08, against at least E. coli; those isolated or derived from F510/08
against at least P. geruginosa; and those isolated or derived from F44/10 and F125/10 against at
least S. aureus.

[0011a]In one aspect, there is provided an isolated protein from bacteriophage F391/08 having a genome
comprising at least 99% sequence identity to the nucleotide sequence of SEQ ID NO:1, and having
antibacterial activity against Klebsiella pneumoniae, or a fragment of said protein having antibacterial
activity against Klebsiella pneumoniae; wherein said protein is a lysin protein or a tail protein.

[0011Db]In one aspect, there is provided an isolated first protein having at least 85% or at least 95%
sequence identity to a second protein of the same size, wherein said first protein has antibacterial activity
against Klebsiella pnewmoniae, and said second protein has the amino acid sequence of SEQ 1D NO: 20,
SEQ ID NO: 80, or a fragment thereof, or the amino acid sequence of SEQ ID NO: 15, SEQ ID NO: 26,
SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, or a fragment thereof.

[0011¢] In one aspect, there is provided a fragment of the protein of the disclosure, wherein said fragment
comprises a cysteine histidine-dependent amidohydrolases/peptidase domain (CHAP domain) of the
amino acid sequence of SEQ ID NO: 20 or SEQ ID NO: 80.

[0012] In certain embodiments, a polypeptide of the. disclosure comprises or consists of an
isolated lysin, or fragment thereof (e.g., a CHAP domain) that exhibits antibacterial activity
against one or more species or strains of bacteria, e.g.; Gram-positive bacteria, such as S. aureus;
and/or Gram-negative bacteria, such as K. preumoniae A. baumannii, E. coli, and/or P.
aeruginosa. In specific embodiments, the polypeptide of the disclosure is an isolated lysin
protein, e.g., an endolysin or tail lysin, comprising or consisting of the amino acid sequence SEQ
ID NO: 20, SEQ.ID NO: 80, SEQ ID NO: 192, SEQ ID NO: 282, SEQ ID NO: 547, SEQ ID
NO: 556, SEQ ID NO: 557, SEQ ID NO: 598, SEQ ID NO: 1216, or SEQ ID NO: 1261.
Predicted functions of said lysin proteins include, for example an Ig-like virion protein (SEQ ID
NO: 20), cell wall hydrolase (SEQ ID NO: 80), N-acetylmuramoyl-L-alanine amidase (SEQ ID
NO: 192), soluble lysozyme (SEQ ID NO: 282), T4-like lysozyme (SEQ ID NO: 547), endolysin
(SEQ ID NO: 556), lambda Rzl-like protein (SEQ ID NO: 557), endolysin (SEQ ID NO: 598),
endolysin (SEQ ID NO: 1216), and tail lysin (SEQ 1D NO: 1261).

[0013] In other embodiments, a polypeptide of the disclosure comprises a fragment, variant or
derivative of SEQ 1D NO: 20, SEQ ID NO: 80, SEQ ID NO: 192, SEQ ID NO: 282, SEQ ID
NO: 547, SEQ ID NO: 556, SEQ ID NO: 557, SEQ ID NO: 598, SEQ ID NO: 1216, or SEQ ID
NO: 1261, wherein said fragment, variant or derivative has antibacterial activity or antimicrobial
activity, e.g., lytic killing activity, against one or more strains of K. preumoniae A. baumannii, E,
coli, P. aeruginosa, and/or S. aureus. In specific examples in accordance with this embodiment,
the vartant, fragment or derivative of the amino acid sequence of SEQ ID NO: 20 and/or SEQ 1D
NO: 80 exhibits antibacterial or antimicrobial activity (e.g., Iytic killing activity) against one or



more strains of K. pneumoniae, for example, against the bacteriophage having a genome
comprising or consisting of the nucleic acid sequence SEQ ID NO: 1. In other examples in
accordance with this embodiment, the variant, fragment or derivative of the amino acid sequence
of SEQ ID NO: 192 exhibits antibacterial or antimicrobial activity (e.g., lytic killing activity)
against one or more strains of A. baumannii, for example, against the bacteriophage having a
genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 2. In other examples
in accordance with this embodiment, the variant, fragment or derivative of the amino acid
sequence of SEQ ID NO: 282 exhibits antibacterial or antimicrobial activity (e.g., Iytic killing
activity) against one or more strains of E. coli, for example, against the bacteriophage having a
genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 3. In other examples
in accordance with this embodiment, the variant, fragment or derivative of the amino acid
sequence of SEQ ID NO: 547, SEQ ID NO: 556, and/or SEQ ID NO: 557 exhibits antibacterial
or antimicrobial activity (e.g., lytic killing activity) against one or more strains of P. aeruginosa,
for example, against the bacteriophage having a genome comprising or consisting of the nucleic
acid sequence SEQ ID NO: 4. In other examples in accordance with this embodiment, the
variant, fragment or derivative of the amino acid sequence of SEQ ID NO: 598, SEQ ID NO:
1216, and/or SEQ ID NO: 1261 exhibits antibacterial or antimicrobial activity (e.g., lytic killing
activity) against one or more strains of S. qureus, for example, against the bacteriophage having
a genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 560 or SEQ ID
NO: 1074,

[0014] In specific embodiments, the isolated polypeptide of the disclosure comprises or consists
of the CHAP domain of SEQ ID NO: 20, SEQ ID NO: 80, SEQ ID NO: 192, SEQ ID NO: 282,
SEQ ID NO: 547, SEQ ID NO: 556, SEQ ID NO: 557, or SEQ ID NO: 598. In yet still other
embodiments, a polypeptide of the disclosure comprises a fragment, variant or derivative of the
CHAP domain of SEQ ID NO: 20, SEQ ID NO: 80, SEQ ID NO: 192, SEQ ID NO: 282, SEQ
ID NO: 547, SEQ ID NO: 556, SEQ ID NO: 557, or SEQ ID NO: 598, wherein said fragment,
variant or derivative has antibacterial activity or antimicrobial activity, e.g., Iytic killing activity,
against at least one or more strains of K. preumoniae A. baumannii, E. coli, P. aeruginosa,
and/or S. aureus.

[0015] In other embodiments, a polypeptide of the disclosure comprises or consists of an isolated

tail protein (e.g., tail component, tail fiber protein, tail length tape measure protein, adsorption



associated tail protein, major tail protein, major tail sheath protein, baseplate wedge subunit), or
fragment thereof, having a biological function associated with the bacteriophage from which it is
derived, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity), which function is
directed against at least one or more species or strains of K. pneumoniae, A. baumannii, E. coli,

P. aeruginosa, and/or S. aureus.

[0016] In specific embodiments, the polypeptide of the disclosure is an isolated tail protein
comprising or consisting of the amino acid sequence SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID
NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID
NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs:
239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ 1D NO: 254, SEQ ID
NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545, SEQ ID NO: 549,
SEQ ID NO: 551, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-
800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs: 1053-1060,
SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250, or SEQ ID NO: 1266. In other
embodiments, a polypeptide of the disclosure comprises a fragment, variant or derivative of SEQ
ID NO: 15, SEQ ID NO: 26, SEQ 1D NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ ID
NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ ID NO:
232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ 1D NO: 248, SEQ ID NO: 249, SEQ ID NO:
252, SEQ ID NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ
1D NO: 545, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID
NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004,
SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250, or SEQ ID
NO: 1266, wherein said fragment, variant or derivative exhibits a biological function associated
with the bacteriophage from which it is derived, e.g., antimicrobial or antibacterial activity (e.g.,
lytic killing activity), which function is directed against one or more strains of K. preumoniae, A.

baumannii, E. coli, P. aeruginosa, and/or S. aureus.

[0017] Predicted functions of said tail proteins include, for example, a receptor-binding tail
protein (SEQ ID NO: 15), major tail protein (SEQ ID NO: 26 and SEQ ID NO: 1077), minor tail
protein (SEQ ID NO: 27), pore-forming tail tip protein (SEQ ID NO: 30), tail protein (SEQ ID
NOs: 32-33), minor tail protein (SEQ ID NO: 34), phage tail protein (SEQ ID NO: 35), tail
sheath protein (SEQ. 1D NO: 180), tail tape measure protein (SEQ ID NO: 183), tail protein (SEQ
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ID NO: 185), tail-fiber protein (SEQ ID NO: 190), tail tube protein (SEQ ID NO: 231), tail
sheath monomer (SEQ 1D NO: 232), tail sheath stabilizer and completion protein (SEQ ID
NO:235), short tail fibers (SEQ ID NO: 239), base plate wedge completion tail pin (SEQ ID
NOs: 240-241), base plate wedge completion tail fiber socket (SEQ 1D NO: 242), base plate
wedge subunit (SEQ ID NO: 243), base plate wedge initiator (SEQ ID NO: 244), base plate
wedge (SEQ ID NO: 245), base plate hub subunit and tail lysozyme, cell-puncturing device
(SEQ ID NO: 248), base plate wedge completion (SEQ 1D NO: 249), tail completion and sheath
stabilizer protein (SEQ ID NO: 252), chaperone long and short tail fiber assembly (SEQ ID NO:
254), tail fiber protein (SEQ ID NO: 433), tail fiber protein (SEQ ID NO: 434), hinge connecter
long tail fiber (SEQ ID NO: 435), tail fiber hinge (SEQ ID NO: 436), proximal tail fiber subunit
(SEQ ID NO: 437), base plate-tail tube initiatior (SEQ 1D NO: 489), base plate (SEQ ID NO:
490), baseplate hub subunit, tail length determinator (SEQ ID NO: 491), base plate distal hub
subunit (SEQ 1D NO: 492), base plate hub subunit (SEQ ID NO: 493), base plate hub assembly
catalyst (SEQ ID NO: 494), baseplate hub subunit (SEQ ID NO: 495), baseplate wedge subunit
(SEQ ID NO: 496), tail tubular protein (SEQ ID NOs: 544-545), tail fiber protein (SEQ ID NO:
549 and SEQ ID NO: 551), major tail sheath protein (SEQ ID NO: 629 and SEQ ID NO: 1250),
major tail protein (SEQ ID NO: 686), tail tube protein (SEQ ID NO: 789), fibritin (SEQ ID NO;
796), short tail fibers (SEQ [ID NO: 797), base plate wedge completion tail pin (SEQ ID NO:
798), base plate wedge subunit and tail pin (SEQ ID NO: 799), baseplate wedge tail fiber
connector (SEQ 1D NO: 800), baseplate hub subunit and lysozyme (SEQ ID NO: 806), lysozyme
(SEQ ID NO: 854), holin (SEQ ID NO: 999 and SEQ ID NO: 1217), distal long tail fiber
assembly catalyst (SEQ 1D NO: 1000), L-shaped tail fiber protein (SEQ ID NO: 1001), hinge
connector of long tail fiber distal connector (SEQ ID NO: 1002), hinge connector of long tail
fiber proximal connector (SEQ 1D NO: 1003), long tail fiber proximal subnit (SEQ ID NO:
1004), baseplate tail tube initiator (SEQ ID NO: 1053), baseplate tail tube cap (SEQ ID NO:
1054), baseplate hub subunit, tail length determinator (SEQ ID NO: 1053), baseplate distal hub
subunit (SEQ ID NO: 1056), baseplate hub subunit (SEQ ID NOs: 1057 and 1059), baseplate
hub assemply catalyst (SEQ ID NO: 1058), baseplate wedge subunit (SEQ ID NO: 1060), and
baseplate protein (SEQ 1D NO: 1266).

[0018] In certain embodiments, the disclosure encompasses a variant, fragment or derivative of
the amino acid sequence of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30,



or SEQ ID NOs: 32-35, which exhibits a biological function associated with the bacteriophage
having a genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 1, e.g.,
antimicrobial or antibacterial activity (e.g., lytic killing activity), which function is directed
against one or more strains of K. prewmoniae. In other embodiments, the disclosure
encompasses a variant, fragment or derivative of the amino acid sequence of SEQ ID NO: 180,
SEQ ID NO: 183, SEQ ID NO: 185, or SEQ ID NO: 190, which exhibits a biological function
associated with the bacteriophage having a genome comprising or consisting of the nucleic acid
sequence SEQ ID NO: 2, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity),
which function is directed against one or more strains of A. baumannii.

[0019} In certain embodiments, the disclosure encompasses a variant, fragment or derivative of

the amino acid sequence of SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs:
239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID
NOs: 433-437, SEQ 1D NOs: 489-495, or SEQ 1D NO: 496, which exhibits a biological function
associated with the bacteriophage having a genome comprising or consisting of the nucleic acid
sequence SEQ [D NO: 3, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity),
which function is directed against one or more strains of E. coli. In certain embodiments, the
disclosure encompasses a variant, fragment or derivative of the amino acid sequence of SEQ 1D
NO: 544, SEQ ID NO: 545, SEQ ID NO: 549, or SEQ ID NO: 551, which exhibits a biological
function associated with the bacteriophage having a genome comprising or consisting of the
nucleic acid sequence SEQ ID NO: 4, e.g., antimicrobial or antibacterial activity (e.g., lytic
killing activity), which function is directed against one or more strains of P. aeruginosa. In still
other embodiments, the disclosure encompasses a variant, fragment or derivative of the amino
acid sequence of SEQ ID NO: 629 or SEQ ID NO: 686, which exhibits a biological function
associated with the bacteriophage having a genome comprising or consisting of the nucleic acid
sequence SEQ ID NO: 560, e.g., antimicrobial or antibacterial activity (e.g., lytic killing
activity), which function is directed against one or more strains of S. aureus. In still other
embodiments, the disclosure encompasses a variant, fragment or derivative of the amino acid
sequence of SEQ ID NO: 789, SEQ 1D NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ
ID NOs: 999-1004, or SEQ ID NOs: 1053-1060, which exhibits a biological function associated
with the bacteriophage having a genome comprising or consisting of the nucleic acid sequence

SEQ ID NO: 781, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity), which



function is directed against one or more strains of K. preumoniae. In still other embodiments,
the disclosure encompasses a variant, fragment or derivative of the amino acid sequence of SEQ
ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250, or SEQ ID NO: 1266, which exhibits a
biological function associated with the bacteriophage having a genome comprising or consisting
of the nucleic acid sequence SEQ ID NO: 1074, e.g., antimicrobial or antibacterial activity (e.g.,
Iytic killing activity), which function is directed against one or more strains of S gureus.

[0020] In certain embodiments, the disclosure provides for isolated polypeptides that exhibit
antimicrobial or antibacterial activity (e.g., lytic killing activity) against one or more strains of
bacteria, e.g., Gram-positive bacteria (e.g., S. aureus), Gram-negative bacteria (e.g., X
preumoniae, A. baumannii, E. coli, and P. aeruginosa) or bacteria not classified as either Gram-
positive or Gram-negative, wherein the isolated polypeptides have an amino acid sequence with
at least 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or greater sequence identity to a second amino acid sequence of the
same length (i.e., consisting of the same number of residues), which second amino acid sequence
is.of SEQ ID NO: 15, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO:- 30, SEQ
ID NOs: 32-35, SEQ ID NO: 80, SEQ 1D NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID
NO: 190, SEQ 1D NO: 192, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID N0:235, SEQ ID NOs:
239-245, SEQ 1D NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NO:
282, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545, SEQ
ID NO: 547, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 556, SEQ ID NO: 557, SEQ ID
NO: 598, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ
ID NO: 806, SEQ 1D NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO:
1077, SEQ ID NO: 1216, SEQ ID NO: 1217, SEQ 1D NO: 1250, SEQ ID NO: 1261, SEQ ID
NO: 1266, and/or a fragment thereof.

[0021] The disclosure further provides isolated polypeptides comprising or consisting of the
amino acid sequence of any of SEQ ID NOs: 5-176, SEQ D NOs: 177-223, SEQ ID NOs: 224-
506, SEQ ID NOs: 507-559, SEQ ID NOs: 561-780, SEQ ID NOs: 782-1073, and SEQ ID NOs:
1075-1300. In other embodiments, isolated polypeptides of the disclosure recombinantly fused
or chemically conjugated (e.g., covalent or non-covalent conjugation) to therapeutic agents (e.g.,

heterologous polypeptides or small molecules) are provided.
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[0022] The disclosure also encompasses polynucleotides that encode the polypeptides of the
disclosure. In one aspect, there is provided an isolated nucleic acid comprising a nucleotide sequence
encoding the protein or fragment of the disclosure, In a specific embodiment, the disclosure provides
an isolated nucleic acid comprising a nucleic acid sequence encoding the polypeptide of any of SEQ
ID NOs: 5-176, SEQ ID NOs: 177-223, SEQ ID NOs: 224-506, SEQ ID NOs: 507-559, SEQ ID
NOs: 561-780, SEQ ID NOs: 782-1073, and SEQ ID NOs: 1075-1300. In other embodiments, the
disclosure provides an isolated nucleic acid comprising a nucleic acid sequence encoding the
polypeptide of any of SEQ ID NO: 15, SEQ 1D NO: 20, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID
NO: 30, SEQ ID NOs: 32-35, SEQ ID NO: 80, SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID NO:
185, SEQ ID NO: 190, SEQ ID NO: 192, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235,
SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254,
SEQ ID NO: 282, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO:
545, SEQ 1D NO: 547, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 556, SEQ ID NO: 557,
SEQ ID NO: 598, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-800,
SEQ 1D NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs: 1053-1060, SEQ ID
NO: 1077, SEQ ID NO: 1216, SEQ ID NO: 1217, SEQ ID NO: 1250, SEQ ID NO: 1261, or SEQ ID
NO: 1266, or active fragment, variant or derivative thereof, which polypeptide or active fragment,
variant or derivative exhibits a biological function associated with the bacteriophage from which it is
isolated and/or derived, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity). The
disclosure also relates to a vector comprising one or more of said nucleic acids. In one specific
embodiment, said vector is an expression vector. The disclosure further provides host cells
containing a vector comprising one or more polynucleotides one or more encoding the polypeptides
of the disclosure.

[0023] The present disclosure encompasses methods for the production of polypeptides of the
disclosure or active fragments thereof, in particular for use in pharmaceutical compositions, i.e.,
antimicrobial compositions. For example, the polypeptides of the disclosure may be isolated
directly from cell cultures (e.g., bacterial cell cultures) infected with bacteriophage F387/08,
F391/08, F394/08, F488/08, F510/08, F44/10, and/or F125/10. Alternatively, the polypeptides of
the present disclosure may be derived by recombinant means using expression vectors
comprising nucleic acid sequence encoding polypeptides of the disclosure, e.g., SEQ ID NO: 15,
SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ
ID NO: 80, SEQ ID NO: 180, SEQ ID NO: 183, SEQ 1D NO: 185, SEQ ID NO: 190, SEQ ID
NO: 192,
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SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248,
SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NO: 282, SEQ ID NOs: 433-
437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545, SEQ ID NO: 547, SEQ ID
NO: 549, SEQ ID NO: 551, SEQ ID NO: 556, SEQ ID NO: 557, , SEQ ID NO: 598, SEQ ID
NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ
ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID
NO: 1216, SEQ ID NO: 1217, SEQ ID NO: 1250, SEQ ID NO: 1261, or SEQ ID NO: 1266, or
active fragments, derivatives or variants thereof. The polypeptides of the disclosure or fragments
thereof can be produced by any method known in the art for the production of a polypeptide, in
particular, by chemical synthesis or by recombinant expression techniques.

[0024] In specific embodiments, the disclosure relates to a method for recombinantly producing
a phage protein, e.g., a lysin protein, tail protein, or active fragment, variant or derivative thereof,
said method comprising: (i) culturing under conditions suitable for the expression of said protein
in a medium, a host cell containing a vector comprising a nucleic acid sequence encoding the
amino acid sequence SEQ 1D NO: 15, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 27, SEQ
ID NO: 30, SEQ ID NOs: 32-35, SEQ 1D NO: 80, SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID
NO: 185, SEQ ID NO: 190, SEQ ID NO: 192, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID
NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID
NO: 254, SEQ ID NO: 282, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544,
SEQ ID NO: 545, SEQ D NO: 547, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 556, SEQ
ID NO: 557, SEQ ID NO: 598, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID
NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, or SEQ ID NOs:
1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1216, SEQ 1D NO: 1217, SEQ ID NO: 1250, SEQ
ID NO: 1261, or SEQ ID NO: 1266, or fragment thereof; and (ii) recovery of said protein from
said medium. In certain embodiments, the nucleic acid sequence encoding the polypeptide of the
disclosure is operably linked to a heterologous promoter.

[0025] The disclosure also encompasses methods for the diagnosis of the causative agent in a
clinical presentation of bacterial infection. The isolated bacteriophage or polypeptides of the
disclosure may be used to aid in the determination of species of bacteria in a patient sample by
establishing susceptibility of the bacteria in the sample to the bacteriophage and/or polypeptides of
the disclosure. Such methods further encompass methods of evaluation of antibacterial activity
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of the isolated bacteriophage and/or polypeptides of the disclosure. Antibacterial activity of the
bacteriophage or the polypeptides of the disclosure, or susceptibility of an unknown sample to
such activity, may be assessed by any method known in the art and/or described herein. In
certain embodiments, antibacterial activity and/or susceptibility is assessed by culturing known
bacteria and/or patient tissue, blood, fluid or swab samples according to standard techniques
(e.g., in liquid culture or on agar plates), contacting the culture with bacteriophage and/or
polypeptides of the disclosure and monitoring cell growth after said contacting. For example, in
a liquid culture, the bacteria (e.g., K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S.
aureus) may be grown to a optical density (“OD”) representative of a mid-point in exponential
growth of the culture; the culture is exposed to one or more concentrations of one or more
bacteriophage and/or polypeptides of the disclosure and the OD is monitored relative to a control
culture. Decreased OD relative to a control culture is representative of a bacteriophage and/or
polypeptide exhibiting antibacterial activity (e.g., exhibiting Iytic killing activity) against the
tested sample or bacterial species and/or strain in the culture. Similarly, bacterial colonies can be
allowed to form on an agar plate, the plate exposed to a bacteriophage or polypeptide of the
disclosure, and subsequent growth of the colonies evaluated relative to control plates. Decreased
size of colonies, or decreased total numbers of colonies, indicates a bacteriophage and/or
polypeptide with antibacterial activity against the tested sample and/or cultured species or strain.

[0025a] In one aspect, there is provided a method for diagnosing the causative agent of a
bacterial infection comprising
i) culturing a sample from a patient;

(i) contacting the culture of step (i) with the bacteriophage of the disclosure, the
protein or fragment of the disclosure; and
(i)  monitoring for evidence of growth or lysis of the culture
wherein evidence of lysis of the culture indicates that the culture comprises Klebsiella
preumoniae;

preferably wherein the sample is a sample of blood, urine, tissue biopsy, sputum, nasal
mucosa, or swab collected from said patient.
[0025Db] In one aspect, there is provided a pharmaceutical composition comprising the
bacteriophage of the disclosure and a pharmaceutically acceptable carrier.
[0026] The present disclosure is also directed to pharmaceutical compositions comprising or
consisting of a bacteriophage having a genome comprising or consisting of the nucleic acid
sequence SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 560, SEQ
ID NO: 781, or SEQ ID NO: 1074. In certain embodiments, the pharmaceutical composition of
the disclosure comprises a bacteriophage having the genome comprising or consisting of the
nucleic acid sequence SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID
NO: 560, SEQ ID NO: 781, or SEQ ID NO: 1074, in addition to one or more other
bacteriophage. The one or more other bacteriophage may be one or more bacteriophage of the
disclosure (e.g., having a genome comprising or consisting of a nucleic acid sequence of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 560, SEQ ID NO: 781, or
SEQ ID NO: 10674), one or more strains thereof, or may be one or more bacteriophage known in
the art other than a bacteriophage having a genome according to SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 560, SEQ ID NO: 781, or SEQ ID NO: 1074,
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Further, the one or more bacteriophage in the pharmaceutical composition of the disclosure may
target the same or different species or strains of bacteria. In certain embodiments, the
pharmaceutical compositions comprising one or more bacteriophage of the disclosure further
comprise one or more polypeptides of the disclosure and/or other phage products as described
herein or known in the art.

[0026a] In one aspect, there is provided a pharmaceutical composition comprising the
isolated protein or fragment of the disclosure and a pharmaceutically acceptable carrier.

[0027] In certain embodiments, the disclosure provides pharmaceutical compositions comprising

polypeptides, or active fragments thereof, in particular those having anti-microbial and/or
antibacterial activity, isolated from bacteriophage having a genome comprising or consisting of the
nucleic acid sequence SEQ 1D NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
560, SEQ 1D NO: 781, and/or SEQ 1D NO: 1074. In specific embodiments, the pharmaceufical
compositions of the disclosure comprise one or more polypeptides having an amino acid sequence of
SEQ ID NO: 15, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID
NOs: 32-35, SEQ ID NO: 80, SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID
NO: 190, SEQ ID NO: 192, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs:
239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ 1D NO:
282, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545, SEQ
ID NO: 547, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 556, SEQ ID NO: 557, SEQ ID
NO: 598, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ
ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO:
1077, SEQ ID NO: 1216, SEQ ID NO: 1217, SEQ 1D NO: 1250, SEQ ID NO: 1261, or SEQ ID
NO: 1266. 1n other embodiments, the pharmaceutical compositions of the disclosure comprise a
polypeptide that is a variant, derivative or fragment of SEQ ID NO: 15, SEQ ID NO: 20, SEQ 1D
NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ ID NO: 80, SEQ ID NO:
180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 192, SEQ ID NO: 231,
SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ 1D NO: 248, SEQ ID NO: 249,
SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NO: 282, SEQ ID NOs: 433-437, SEQ ID NOs:
-489-496, SEQ ID NO: 544, SEQ ID NO: 545, SEQ ID NO: 547, SEQ ID NO: 549, SEQ 1D NO:
551, SEQ ID NO: 556, SEQ ID NO: 557, SEQ ID NO: 598, SEQ ID NO: 629, SEQ ID NO: 686,
SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs:
999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1216, SEQ 1D NO: 1217,
SEQ ID NO: 1250, SEQ ID NO: 1261, or SEQ ID NO: 1266,

-4 -



wherein the variant, derivative or fragment retains a biological function of the polypeptide from
which it is derived, e.g., antimicrobial or antibacterial activity {e.g., Iytic killing activity),
preferably against one or more strains of K. prneumoniae, A. baumannii, E. coli, P. aeruginosa,
and/or S. aureus.

[0028] The pharmaceutical compositions of the disclosure may additionally comprise a
pharmaceutically acceptable carrier, excipient, or stabilizer. In certain embodiments, the
pharmaceutical compositions of the disclosure are antibiotic compositions (in that they exhibit
antibacterial activity) or therapeutic compositions for the treatment, prevention, and/or
amelioration of symptoms of a discase or disorder associated with infection by bacteria in a
subject in need thereof. In specific embodiments, the pharmaceutical compositions of the
disclosure are antibacterial compositions or therapeutic compositions for the treatment,
prevention, and/or amelioration of symptoms of a disease or disorder associated with infection
by K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S. auwreus. In certain
embodiments, the subject receiving a pharmaceutical composition of the disclosure is 2 mammal
(e.g., bovine, ovine, caprine, equid, primate (e.g., human), rodent, lagomorph or avian (e.g.,
chicken, duck, goose)).

[0029] The present disclosure provides for methods for the treatment or prevention of bacterial
infection comprising administering to a subject in need thereof a pharmaceutical composition
comprising one or more bacteriophage or phage products (e.g., an isolated bacteriophage
polypeptide or active fragment, variant or derivative thereof), optionally in addition to one or
more other bacteriophage or other phage products, as described herein. In the context of the
present disclosure, “treatment” refers to both therapeutic treatment and prophylactic or
preventative measures, wherein the object is to eliminate, lessen, decrease the severity of, slow
the progression of or delay or prevent the symptoms or underlying cause (e.g., bacterial
infection) associated with the pathological condition or disorder. The pharmaceutical
compositions of the present disclosure may be used in the treatment or management of infections
associated with any bacterial infection, including, but not limited to K preumoniae, A.
baumannii, E. coli, P. aeruginosa, andfor S. aureus, as well as, in certain embodiments, S.
epidermidis, S. auricularis, S. capitis, S. haemolyticus, S. hominis, S. saprophyticus, S. simulans,
S. xylosis, M. luteus, B. subtilis, B. pumilus, E. faecalis, E. hirae, E. faecium, E. avium, and

combinations thereof. In certain embodiments, the pharmaceutical compositions may be used to
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treat conditions or disorders associated with bacterial infections including, but not limited to,
post-operative endophtalmitis, endocarditis, infections of the central nervous system, pneumonia,
osteomylelitis, wound infections (e.g., diabetic foot ulcers), mastitis, septicemia, food poisoning,
meningitis, skin infections, abscesses, toxic shock syndrome, bacteremia, and/or other conditions
associated with nosocomial bacterial infections.

[0030] In certain embodiments, the disclosure provides for the use of a bacteriophage or an
isolated phage product (e.g., an isolated phage polypeptide or active fragment, variant or
derivative thereof) as a single agent therapy. In other embodiments, the disclosure provides for
the use of a bacteriophage, or phage product (e.g., an isolated phage polypeptide or active
fragment, variant or derivative thercof), in combination with a standard or experimental
treatment for bacterial infection. Such combination therapy may enhance the efficacy of the
standard or experimental treatment. Examples of therapeutic agents that are particularly useful
in combination with a bacteriophage and/or polypeptide of the disclosure are anti-inflammatory
agents, standard chemotherapeutic antibiotic agents (e.g., penicillin, synthetic penicillins,
bacitracin, methicillin, nafcillin, oxacilin, cloxacillin, vancomycin, teicoplanin, clindamyein, co-
trimoxazole, cephalosporin, polymyxin, cefaclor. Cefadroxil, cefamandole nafate, cefazolin,
cefixime, cefmetazole, cefonioid, cefoperazone, ceforanide, cefotanme, cefotaxime, cefotetan,
cefoxitin, cefpodoxime proxetil, ceftazidime, ceftizoxime, cefiriaxone, cefriaxone moxalactam,
cefuroxime, cephalexin, cephalosporin C, cephalosporin C sodium salt, cephalothin, cephalothin
sodium salt, cephapirin, cephradine, cefuroximeaxetil, dihydratecephalothin, moxalactam,
loracarbef mafate and chelating agents), local anesthetic agents, and/or corticosteroids. In yet
another embodiment, the compositions of the present disclosure may be combined with one or
more bacteriophage or phage products known in the art. The combination therapies
encompassed by the disclosure may be formulated into a single pharmaceutical composition or
may be administered in separate compositions, but as part of an overall treatment regimen.

[0031] The pharmaceutical compositions of the disclosure may be administered by any method
known in the art suitable for administration of an antibacterial compound, e.g., via oral or
parenteral (e.g., inhalation, intramuscular, intravenous, or epidermal) delivery. In preferred
embodiments, the pharmaceutical compositions of the disclosure are administered topically, e.g.,
in a topical formulation. The compositions of the disclosure may be used topically to treat
and/or prevent common nosocomial infections, such as infections at surgical incision sites or
associated
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with catheters or drains. In other embodiments, the compositions of the disclosure are use to
treat bacterial infections of the skin or upper dermal layers (e.g., infections of diabetic ulcers of
the foot or carbuncles).

[00314a] In one aspect, there is provided use of a therapeutically effective amount of the
pharmaceutical composition of the disclosure in the manufacture of a medicament for treating or
preventing a bacterial infection in a subject in need thereof; wherein said bacterial infection is an
infection by Klebsiella pneumonia, preferably. wherein the infection is a nosocomial infection and/or
wherein the subject is a mammal, preferably a human.

[0031D) In one aspect, there is provided use of the bacteriophage of the disclosure, the
polypeptide or fragment of the disclosure in the manufacture of a medicament for reducing or
inhibiting colonization or growth of Klebsiella preumoniae bacteria on a biological surface contacted
therewith; preferably wherein said surface is the skin or a mucus membrane of a mammal, the skin or
a mucus membrane of a human, or a- mucus membrane of the respiratory tract of a mammal or
human,

[0032] The pharmaceutical compositions of the present disclosure may also be used for traditionally
non-therapeutic uses such as antibacterial agents in cosmetics, or in sprays or solutions for use on
solid surfaces to prevent the colonization of bacteria (i.e., as disinfectants).

[0032a] In one aspect, there is provided a method for reducing or inhibiting colonization or
growth of Klebsiella pneumoniae bacteria on a solid surface comprising contacting said surface with
the bacteriophage of the disclosure, the polypeptide or fragment of the disclosure; preferably wherein
said surface is the surface of a hospital apparatus or a piece of hospital equipment, preferably a
surgical apparatus or picce of surgical equipment,

[0033] The present disclosure is also dirceted to methods for screening peptides for antibacterial
activity. In one embodiment the method comprises screening contiguous amino acid sequences of at
least 6, 10, 15, 20 or 25 residues in length that are encoded by the open reading frames of the nucleic
acid sequence SEQ ID NO: 1, SEQ ID NO- 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 560,
SEQ ID NO: 781, or SEQ ID NO: 1074, for antibacterial activity, said antibacterial activity measured
by the peptides ability to inhibit bacterial growth, e.g., in agar or liquid culture.

5.1 DEFINITIONS

[0034] As used herein, the term “fragment” refers to a peptide or polypeptide comprising an amino
acid sequence of at least 5 contiguous amino acid residues, at least 10 contiguous amino acid
residues, at least 15 contiguous amino acid residues, at least 20 contiguous amino acid residues, at
least 25 contiguous amino acid residues, at feast 40 contiguous amino acid residues, at least 50
contiguous amino acid residues, at least 60 contiguous amino residues, at least 70 contiguous amino
acid residues, at least 80 contiguousamino acid residues, at least 90 contiguous amino acid residues,
at least 100 contiguous amino acid residues, at least 125 contiguous amino acid residues, at least 150
contiguous amino acid residues, at least 175 contiguous amino acid residues, at least 200 contiguous
amino acid residues, or at least 250 contiguous amino acid residues of the amino acid sequence of a
protein. In a specific embodiment, the fragment is a functional fragment in that it retains at least one
function of the protein from which it is isolated (e.g., antimicrobial or antibacterial activity (e.g.,
Iytic cell killing)).

[0035] As used herein the terms “active bacteriophage products” and “bacteriophage products”
refer to polypeptides, or fragments, variants or derivatives thereof, isolated from a bacteriophage
of the invention, which polypeptide, or fragment, variant or derivative thereof, exhibits a
biological function or activity associated with the bacteriophage from which it was isolated or
derived (e.g., antimicrobial or antibacterial activity (e.g., lytic cell killing)).
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or fragnpidht) #deleANgou®proRe (alsd kdf¥ifed!th BEERIas al“s&ha%slsaimfg famla’%bwea theophage
havi ng a genonme conprising or consisting of ID NO 2, SEQ
| D NO  PepiRiEQ pobyprigtidg, Olsé@lqupN@m560recm4®ymodmi itois afse) preferadly 1074
(0. haetathAPhans ERALARITII6ARr: FldEh0ByeRRlALIBunEdh b0y, F347/ 08,
or F125/10 respectively), wherein the tail protein, or fragnent, vari ant,
or deri wabVaef thealerns ofithe pratelsi prERAsItioAl Whmélnei ReRtides pefipentideionfusion pratein
bacteri N r

ant i bac'(t:i gpt%gﬁc ac? ;P\?}é\[?gfgl( gln gle %léIleﬁiﬂéé&%??lﬁ%ﬁgmagg?%frﬁgy QIP%?JSI g%fursors of
embodi methes cherhisalantd nit 6y etpertedofrorarsherhiselt pre¢uasormet pinet wenflcaismerhlpmare
protein n S [.es of K
Pneurni AV FERE Sy RRRIS"ST 8 peb@R° poFRGuRY, S0P BRELES Mlcolisd. HooH

speci f i erepatatdisteing peptidhepqhgleptieptusibe moteinher antibedyt how ks thart ahout @@%x ein

SEQ 1D i 0 e RS S R Rl ool B e bR o'

180, SEQ@olypeptice, 01813,10nSE61ein|oD1d‘8&33st185 SEQ ID NO 190, SEQ ID NO 231, SEQ

200, SETD) RESSSBbATR ogingeladedy I e oot iy o ey g © M

489- 496 firSEQcleR Mm nMe@uleSB@cH B MparaBd FronSEet Bublek a6@OmolBEQ:s| BhiNDars51,

NG 806, LR BB SOy BrReitcioutt ot SHEN AL 9585 kY S0

| D NO 110137m018EQ |sDclN€3 a kDINA nﬁﬂi@uleplsl\lﬁibstarﬁﬁﬂy feee obEfthekr RelNir th66al, bin ot her
enbodi nmen | at e ol ypeptide of the invention.is f ragnment
Varsant Clohaedin et Grodpia Hhihonat bagui g Soamsty e et | o
SEQ 1D Koy 183 ““?E“az fsTNa 188 o I mek‘%msm&?%ﬁﬁo&??{ PSET D No
232, seGhepergamigHNAspolecHeneg: e B S'\lbc%e %eqxém?z@r clgpes inp Myl 49,
SEQ I D NG 1384y. SEQ I D NO 254, SEQ I D NGs: 433 437, SEQ I D NGs: 489-496,
SEQ I D NO._ 544, SEgIDNO 545, SEQ ID NGO 549, SEQ ID NO 551, SEQIDNO
629: SEW3BI by teygd purdind” nrsanjcthat/fie pentidey notypeetide, fsion goseinsprayuctsiondid g6,
SEQ I D Wlecﬁ@‘has gEcQ Ijmgsﬁ\l%ly 1&\9&59&@4:0n<§§@t109bg% mn&pﬁgees§mldﬁé\o
1077, SEQ ID %ID NO 1250, or SE 1266, which fragrrent
vari ant bubnotdemtqsiatm WI@X rpmptegraphy), SREC, @W@lpﬁ@teﬂnoglie@mph%rem\m ytheseby

functi Oha glau% RibABLIR hORRAGR fe{ewnommetuy re&ou@qh@hﬁ@es Ofuchl8d pr¥&fsore. 9.,
antimcro or antlbacterlap activity (e'g., lytic killing activity). In
preferred enbodi nents, the at |east one biol ogical actl vity or function of
the fragnent, variant or derivative is directed against one or nore strains
of K pneunoni ae, A. baumannii, E. colil§-P. aeruginosa, and S. aureus.
100951 Predicted functions of said tail proteins include, for exanple a
receptor-binding tail protein (SEQ ID NO 15), major tail protein (SEQID
NGO 26), mnor tail protein (SEQ ID NO 27), pore-formng tail tip protein
(SEQ ID NO 30), tail protein (SEQ ID NGs: 32-33), mnor tail protein (SEQ
ID NO 34), phage tail protein (SEQ ID NO 35), tail sheath protein (SEQ ID
NG 180), taiI tape nmeasur e proteln (SEQID NO 183) taiI proteln (SEQID

NI~ A SN\ ] . N~ 1 A NS\ . N~ 1



associated wth the bacteriophage having a genone conprising or consisting
of the nucleic acid sequence SEQ ID NO 560, e.g., antimcrobial or

ant i bact evpa12436380i ty (e.g., lytic killing activity), WROCET2010/00008bNn is
directed agai nst one or nore strains of S. aureus. In certain enbodi nents,
t he i nvention enconpasses a variant, fragment or derivative of the am no
aci d sequence of SEQ ID NO 1077, SEQ ID NO 1216, SEQ ID NO 1217, SEQ ID
NO 1250, SEQ ID NGO 1261, or SEQ ID NO 1266, which exhibits a bi ol ogi cal
function associated with the bacteriophage having a genone conprising or
consi st ioPGm& chbMRak WibRed 1@&'E§Lri§§%%?@desmﬂe&ﬁpfus;ﬂg7p%texﬁ &-nucleic acid
antimcrobial or antibacterial activi lytic Killing activity),

whi ch f &edackign qns 0€|$lqdlémté@|alwali mecmrethe pmmmt ef pirifigatien nstessary Kanracgiven’ [ 0098]
In cert I a

vari ant %é; g act | op aa{%d(;g?)déflgSge%ftﬁldg)g,CHSév/\EI?%&%’g?t?;aﬂén%dumr{ﬁes%ésngéhr lfozonm sts
of a amdingtrations tagbemans drdininily must |beasft highopuris5ih a0sdandes with gegulates9, 86%
87% 88%%1n c%"a.n?g&‘%d A ac %pr%ge/&esgzl% 95% 96% 97% 98% 99% or greater
sequence | second am no aci d sequence of the sane length (i.e.,
consi st i[¢039bAs tused shawm rtheriem Gleriveveduimsihe odmtexh of emdypeptades mefeesc kad a

D Nov - 961 PegBl e Sgeiise i aieged Pl Wi e ey gt o S

183, SE@mino aN(a: redi8te subki@utidos NfeletibBOor &H@iohd Nae tehﬁZ‘,det‘.BE@vé’DsN&d R&din SEQ I D

200, SEUFP BT S PORKS T BRITEL oy By BSOSt AebPibo Ey Vued 37

SEQ I D N@eculé&&th@%lyp&ﬁ@e] mofﬁanWbutSE@by B a)N@f lipdtationSEQolypepiide nzd be SEQ | D

NO 549, ID NO, 551, SEQ.ID NO 556, SEQ D NO 5 598,
SEQ | D N@g%g e%ﬁd’x 55%@ eyt pesyighon: sphpsp rmtﬁgonv%"‘ggen SEQ | D
NO 806 derBafddtion WP knSRA prmg/aoms 298k, qga%l SERavixeNGbkagd @63 cdR6R, SEQ

| D NO ;E,o77 SEQ iD NO 1216, SE D NO . 1217, SEQ IDN&) 1}250 SEQ | D NO
1261, StepndponGher ueelnfior 4 ?rs@wmpolﬁ/ﬂwssfma.‘/aﬁa iRyt oy ﬁeerva?ll ant
exhi bi t gnoaificht®mns tusﬁageecml e@%s@h td tho§d bOdkilPIn A6 LiitVintMdiah, Bud BoD@ak&I lbophage
from whi ch |t was derived (e.g., antimcrobial or ant i bact eri al activity

(e.g., PRRcifte qghemicehgleayags @F%tylyt)lonaéw&twbn@e%?olwethgsrl% af Heicamyymciier | a,
€e.g., GFamid?0§'cfthzﬁlvp?EﬁﬁEbtﬁie(rﬁa}g contain GHe' &GUSibre (ErRMIASRARAHKE RAGE €Al @
(e.g., K pneunoniae baumanni i coli, P. aeruginosa) or bacteria not

cl assi f p@lup%d%ﬁqrweﬁwecnoam@@g:smiﬁéObxdelmcalnﬁunfé@ataﬁ the popypeiolp flom whieh #in
enbodi mgAt Yeritdde TIVRRRI qemrea@\ag Q@&i Rxnre&”e?QJcé‘tt@q Wt kdaybpvidg g _am no
aci d sequence of any of 177-223, SEQ I D NGs:
224- 506 Orgagsm may qia@srefesws ggm @E@olypem dlr%hz fmmsaldsergamlmm bagtgnal 1073,
and SEQC%JQ ﬁ%ﬁa e)1075 1300 and active biologic fragments thereof. In

preferre ments, the variant polypeptide of the invention exhibits at
| east oilit04B] b5 vy dergint the itgrm “éJQSGclll”altG@tlﬁ tovithehpartinalap sdbjese pell tehmsiseted with a

b act eri g{maggcn& [n% X\’P'a&ﬂhleg eﬁ‘tﬂa@ roggn oquskéfwdcdﬁhag tont!alxmei:uglgfc' vity
di rect ed agal ns res

baumannag¢id nE)Jecuqur chﬂ@moamnallgnmtogated aersibn the®:of.aBrogeny. of[SOClM)C)E]II mayhdtee

enbodi ment i nv i sol at ed. nu i.Cc,acid seguence

encodi ngd%f’ ﬁdal tto eopag%}qof eggrﬁ n%t%djofthgtﬂ% o e'§Ea(3“1 5'0%8%:6 elt%m m%%iﬂ%lo% NGs:
177- 223pn\$EanxDalNﬁBuen2@4hzﬁ(ﬂﬁiy oSEf()uh ﬂcb@lng@éﬁer&ﬁﬁs oSm@grdfionNGE the mGdleic80, SEQ

| D NGCs X nent s thereof.
I ot heP R TR e oS fliePms Fegirgerin A ik iR e
encodi ngolgmpudés, teeh@pesll rie pekifergbly mates thedeumiel §peeids ion straifsIron2 ,which the 8, 10,
12, and/or 14 certai,n enbodi nents, the pol ypeptides of the

00101
present b?‘i’i‘?f@ﬂ{r‘}g% Ay fs8ilaleg or cultured.

[0041] As used herein, the term “in combination” refers to the use of more than one prophylactic
and/or therapeutic agent. The use of the term “in combination” does not restrict the order in

which prophylactic and/or therapeutic agents are administered to a subject with a disease or
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reconmbi nantly fused or chemcally conjugated (including both covalently and
non-coval ently conjugations) to therapeutic agents, e.g., heterol ogous

pol ypept iweo0mrozsssal | nol ecul es, to generate fusion properrPI2@m/o6BENeriC
pol ypeptides. The fusion does not necessarily need to be direct, but may
occur through |inker sequences or through chem cal conjugation.
Non-limting exanples of therapeutic agents to which the pol ypepti des of
the invention may be conjugated are peptide or non-peptide cytotoxins
(including antimcrobials and/or antibiotics), tracer/ marker nolecul es

(e.qg., ra ugl £ | or t . cterial
compounds novvl% t:lrn Rife yijacttlc. grgﬁgg%ﬁﬁ‘[s Q%Q‘?"&O"&%%@ %k@r t<86e°%,2f[?1hé}? e?‘sol at ed
bact eri dﬁhagetes;BOpoiny@eani mizsten)fl hdue mhmgmhdurwérhbunsnlmrdo%dndmsm%t ered
al one or,_inc ora into a arna eut i cal QS| use.4 n
treat rrerhougr 6‘&’1%&&3’( 4% ‘?’eeﬁ’ac‘f’%erkfa wee‘k glcvtv?egris V&Y : . ,Weensf’ eR‘felgléshgr %:jaused
by bact exdeRs beferk))dormegmitbitly wiet, ot sutsketq&dqt tcoge &K 5pﬂﬁutm) r1|5 adnutds, 3OminmeasMs , E

coli, P. aeru |nos and aur ned vvlth a
phar macdBiFES ‘3?“5 aglh@”é H?‘g? EQ&?E‘F %I‘Pﬁ urs, gg?‘g?rébplbl?ofés ‘5 i es of
phar maceudekcal Jvéék@CEGJPHeﬁ@ £ w3k I5€bv&eks§)60bv§)dken'8$w&lk§l at abivwdeke hRer) m@d ude,

but are not limte buf f e s suc hos and otaher

or gani ¢ 24By¥ratignp %%F‘H%ﬁlrﬂr%phl’y ﬁ*%%rﬁaf‘gapsg %?gﬁ\eggﬁgfeﬁt %%Fté’é?ﬂha “Wei ght

p0| Yy peptdr éRpapeicio@itli,a stbjedt imficed EHerdBd 4. @mulajeammg@a@éawbr dl"s)édfeﬂphl lic
pol ymer s such as poI yvinyl pyrrolidone; am no acids sugh as gl ygin

gl ut ami @042 Asapsedi Herein, Ahe)i tamse “BYClei cacils” aadnoRucleoHds | sa@enices s‘&&lﬁ?lFarl des,

and ot hegn ARG I8 So1é-Sedndél DIAGUNES RMA FBRBGISE or ¥mBIRXbAY thsreohQy at i ng
agents such as EDTA; sugar al cohols such as nanni tol or sorbitol;

sal t - f orusechreimh Fm Sensodadcy thesnuslsin apd” refes/io An ABINP SR SeRgRTeABAt A5HKS such
as TVEENIR th@%a)fﬁ&tﬂﬁﬂlo?ﬂﬁ OWARD re e RE@om i%'?rfénlp We@%p%ﬂﬁnt@%ﬁ%@éﬂ i cal

conposi tions of the present Invention g., antibacteri al conp03|t|ons)
can al scpfuthrcre\ﬁ@@ncad Inuleir @gidt sequengiebting eaﬁ@@@ﬁ@rd gandfigecofie ey, standqrd £98n ng
agent, ShdiiiBhbwn  GESRENdi ng agent, and a preservative, e.g., in

addi ti onn{)] Se e]; ovgnl ngredi ents. [00103] The bacteri ophage and/ or

pol ypept[PH8F Asf useth cheprim sthatteimsy Gmenhylactipgant’s and &' prophiitatie dagants'h refele tor  nor e
t herape 0 c 1 Which Un tHaeydel GRLHER} ?At

bacteri ;h%tgn él %)%&58.88@%@? %eﬁg?g?eﬁugnd/ or kn%wne'ilsn tﬁ a:is.teV el.oél’. one
or nore ttegtmnens )mandgrenephar sadoetios af ogoapowie $yomptonys of hdis¢asy endiserdenmiy
therefor ri age of the invention
(with arPt bcgﬁFerd?Sg S%\ép?'%rd{% S%Cfa&agﬁ&?ﬁoégglgﬁl{%@ggl fferent bacteri al

speci es [0044$Wsaus¢d)here1h,e tlwomdnmslattlilemarpemtﬁc aghwttapd | ‘Ghdrangetiardents poifgrpépt i de
of the invention or i hation o ptide
of the IRUEmATER S HonERE MeButlafirdrah e yRRRE AR, RGP,

In specnﬁamg@mﬂnodn ameiiogatioh Ioéomd’mrraqzretsympxome whedepdss ooflisarderp mbpantétulapa t ar get
two or re s?g S or strai.ns oft {Oa or exhibit differing enzymatic
acti vi t ysefssor dRardR| assocaledi v aitﬁlcﬁéﬁé? exhi bit one of anidase,
endopept[0e4s3 As used hereidate tain gheragadcnllg asectaetdmouhty . refescrortblit r’agioynt dgfhe

conbi natj on of. Si ns..exhi biti different activities

cyner o; heFEbeStin AL RRERT O el S BPElsEHER of 26¢ Uy SRR HA Gt  cal
conposi tdifdedfin patcilatyLdikdatdlor didikDddbdilateddwieh £bdvdian@ftcton. a nunber of

differen act eri ophage are conbined to ovi de a 'phage cocktail n sone
crbod bS] Asfse pRRIgE (e terrs reok onieiral s reute” I g6 ot el 5

phage, ahelopashe dyGEE of aliskR3DE dﬁoﬁ@ﬁﬁlﬁparﬁ&ulirea%isea@e [bh@@:&deﬂ&ssd)cﬁzﬁ&i 7
phage, at | east 8 ph at. | east at least 10 phage, ?)";Fﬁ)

Soms enptith HBHial fHieThatitich eRisahom é&nﬂml@&aﬂgn 96 BB Fher
phage, 3n8oPPAgRpti®s of the iRRAGR:. As noted above, “treatment” and related terms refer to both

therapeutic treatment and prophylactic or preventative measures, wherein the object is to

210

eliminate, lessen, decrease the severity of, slow the progression of, or delay or prevent the
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[ 00105] I n sone enbodi enents, at |east one phage of the cocktail is a phage
with antibcateial activity against at | east one G amnegative bacteri a,

i ncl udi ngwbubi2atsshi mted to Kl ebsiella pneunoni ae, Aci retr@raet®00031
baumanni i, Escherichia coli, and Pseudononas aerugi nosa; and/or agai nst at
| east one Gampositive bacteria including but not limted to

St aphyl ococcus aureus. In certain enbodi nents, at |east one phage of the
cocktail is F391/08, having a genone conprising the nucleic acid sequence
of SEQ ID NO 1 and exhi biting antibact eri al activity against one or nore
strains_of Kl ebsi neunon ln ¢ |n enb n ne
phage of” ntlfhtom%ooé k‘f al I % °%4¢e b%%\?flﬁ tlog)n assggatn&‘ ‘Liﬁis |t% pfltﬁgl%%]ﬁgl eic
aci d sequmelitoa ooflisGle. | D NO 2 and exhi bi t| ng anti bact erial activi ty agai nst

oast oR*ahAn el Fels. ST P Orads TB Shath g YRR <Caior Fng t ne

nucl ei Créi&blﬁl:eSEQuﬁéleﬁophﬁgeSE@alda’ H}iaeao;ﬂﬁgk pboftlnb(drlvﬁ@arﬁ,rﬂehbﬂ%ejﬂfﬁlgmaﬁtt ivity
agal nst one_or nore ESC eric n nts, at
aast - OB BRa e e P O 3 P TG ae L Tt 12 BEAGIE SGHPIng t he
nucl ei ¢ imkitthe SYWeNE@efRbdudtia dfla Mictobreaiem e paRictlaf) ﬂleaiﬁ&thlbaa&ttﬁd’ dpatiessit i Vi ty
aga| nst one or nore stralns of Pseudonpnas aer U%I nosa. certain

enbodi meiR thathy bagtsrioghage dpfsefe dp qefain cgbeinen .éntrb&atfrfg orRimiggobialgenome

conpri sh&gity N aRUGEEDE cfikilg SEAMRNECE., WrambpsitiR DeRRQe. nqt amwy Giang
antibacterial activity against one or nore strains of yl ococcus

aur eus. Negetivepackria (egb&dprrumesae 4 bpnawiiogheofnangér &t affHémei% Rt h3cteriag

F387/ 08 nohauskifgd & aﬁ.@paﬁanpgamrvb%k 0Garh ASgARVE | a8l dif€ tdstaRaaBdRiquts @EQ | D

NGO 781 and exhi biting anti terial activity against one or nore strains of
Kl ebsi elin bauitheulivesrir 28 agarplaies).ccantactmgisogubtisret with pbactesigahage periviggedestt t he
cockt ai el ¢ nach duggguence
of SEQ :th[% lﬁN\gﬁ&%gé?%qg%mm% a%r?ﬁtg%%ﬁa act {earaln%g %Jgt% f%{/ agallaﬁlsfté uonge1 or

nor e st thei basteoh Biyap\growoé @s - apiiead density00'CBE) repressatetive af enbdcioménins, at

| east o i DG C osed in
WO 2010? Mgﬁgﬁgﬁ%ﬁl %l%ﬁmea{hh glrl]lt%ulrgact ér ?% Oh(gl\éto?\gllo'?e &g al néct§1§ gﬁg&odrr

st r ai ns nofe Eavmiophagc@msmfyaa&dbs sf the mmommndlthe [9:Y4 usamnnle:mbthlammt@ a at

| east on e t LEfe0sed in
WO 2010f %B%E%g%r n%‘léct}e aﬁ(ISJ? rglatwet |abcé?:t[%elr°|%g E&s%ta‘?lgé‘g?%g er% nor e
st r ai ns oopolipeptdo exditatig Jumbacaérlasl; aciwlt&a(egl lenhnblltsnlyoeﬂdlhngmoemwdl $1m1ialsly, at

| east one ph of the ¢ ckt i S F770/0 havi closed in
W 2010 PisRg Flots fan b SBHGs o ork dltaf P BY ok SoPSATE b SerbbREE por
strains 0ﬂbol§‘ﬁ@ﬂd@ﬂﬁﬂ&$1n&ﬁmugl isub:tequemergmmh of rtho dolneied svahated| relgkd tone

h f th ktail ig F12 5, h I WO
D070/ 00620 PEfFs CEFIeBER 17 e PBaE (L AeF e B LG 41 r2 e e MGl By e
st r ai ns badteridphdpe bopalgieptidddaittnammibadterial &Ly 1l n sone preferred enbodi nents,

i not oBMABLAS SR herhcn SR fieia ielfa P Solprea pidece o RO Moy

Z1245/ Oghag%hwgea lﬁagtlcﬁ)@tybm@wblaads ﬂﬂ‘d’;rlts)tmadszoag@t nfsystmﬁ lﬁitldmardfpéﬁdér&l ns of
ci net obact er  baunmnn I n certai.n enbodi nents ockt

Conpr | <88 eErHR PURssh A QEOmIRSTIY il BAddl PEMaCt 2901 YougiPhst one
or norensf-aaing RHund\el HSLRPRMIS of RAHIBEANincl@ME 5P la8dduke @ME pefidddPcan

exhi biting anti bacterl al acti vl téwg gainst a different bacteria. For

exanpl e hydralagssndhefrpilyinaidesat leaskwordiidaent Sees af neptidpgbrer elsavagoastigiesind/ or
F1245/ 0%, hitamoyIli-Natih® AmMatdaidl DLAASI- 1gaﬁ &H@ﬁgn&@@g& | ectige dorfaths

F391/ 08, F488/08 F510/ 08, F44/ 10, % /08 0/ 08, F168/ 08, F770/05 and
F125/ 10 geqerallaxépmamﬁows@Pﬁéqmesandthw@dlaﬁéﬁj@ummaﬁqoiye@w}qt@@é-ca@tawast one
phage extyRiitd. Mesd ) dbACHEER hretelibnel by bAGRME foPHE aRivityRE Sovilal 8 MSse

Kl ebsi el l a pneunoniae and at | east one phage exhibiting antibacteri al

acti vi t ymiggseisnaend dhedn fHielr ererpsh apnear ite furkgipn cagathp| ruclepphilep s dedrotibitient s,

t he pha r th at
| cast onSelARh s af QFReS KSnlgiotl A 2008, CEAaFOn R0 P AR o,
F1245/ 05, F170/08, F168/08 F770/ 05, and F125/10. In certain enbodi nents,

t he phage cocktail conprises at | east one phage exhibiting antibacteri al
activity against one or nore strains-2if- Escherichia coli and at |east one
phage exhibiting anti bacterial activity against a different bacteria. For
exanple, in sone enbodi nents, the phage cocktail conprises F488/08 in
conbination with at | east one other phage selected from F391/08, F510/08,
F44/ 10, F394/08, F387/08, F170/08, F168/08, F1245/05, F770/05, and F125/10.




[0108] In certain enbodi nents, the phage cocktail conprises at |east one
phage exhibiting anti bacterial activity agai nst one or nore strains of
Pseudononwe 20era3gisnosa and at | east one phage exhi biti ngcammhbaot@si al
activity against a different bacteria. For exanple, in sonme enbodinents,

t he phage cocktail conprises F510/08 and/or F770/05 in conbination with at
| east one ot her phage selected from F391/08, F394/08, F488/08, F44/10,
F387/08, F170/08, F168/08, F1245/05, and F125/10. In certain enbodi nents,
the phage cocktail conprises at |east one phage exhibiting antibacterial

ohyl I
one phas o RGeS el W fopBi R A PR BB R Pl P27

For exanjdaee speaiatizedesubstiacdi rieatadso, Bhtempﬂnaget ebc Kirarids Bionipmi So@ 2083 M dy0

and/ or 2%@9%3%9 n conbination with at |east one other phage selected from
F391/ 08, 8, F488/08, F510/08, F387/08, F170/08, F168/08, F770/05, and
F1245/05. In certain enbodi nents, the phage cocktail conprises at |east one
phage eéai bi BM@F&)ESQH&’&“&ON&DF&HEEIGW@ai nst one or nore strains of

Ent er OC%&&LF !1$ Qgchérga%l%l &%?‘H&Fﬁi&atlo ttheolgﬁlmka%ﬁoﬁé héom ?'1'silﬂg .the

anti bact'er| activity agalinst a differen ac eria. For €x , I n some
enbodi nentlsic dchiesepirage of BERID NOdonPhrd epes réatlity mnqr(ﬁ@BFS”FD&GIC% inrthe

mbi [ h £394/ 08,
Fasel 05, PRETOS PRI R m e b0t Bh G I3 okt LR it oo
| n cert aif anamoedindieats thet&&c@magfetrmni@mnl Caxlmmodmgthabk He@RFs fopurhi¢hd)

phage sel e ted m t he rou i sti n 4/ 0 F488/ 08,

P510/ 08 Predh foff““"r%‘%ai‘/aé% ?6‘7‘@‘3?’6 Prishs 0%3‘?237 h fk‘—‘fgﬂ%s/%é“’m& &°F125/ 10.
In cert eprcstenﬁm@dy WBOR s, cdditg fohaapducto etat atel mﬁﬂdifﬂbl;ﬁélﬁmFBBixﬁlGﬂwnHﬂﬂdloﬁB

F488/ 08,  and E510/08. Ln certain enbodi nents,, .the pha cocktai | ri ses
Fa4/ 10. Ty 63 SR8 68 Prarts BTeBRGg0 1o Heap e B SO TARES P A Bhage
cockt ai ldaeb4Eps.i Saxsctleﬁali;?&&ém oEBé?éh/e&&o 1Is%d0hQhe figwe. FAhe4hfofhatiohrn aler t ai n
enbodi ment s, the phage cqck ﬁgjprlses F391/ 08, F394/08, F510/08, and/or
F44/ 10. 1gHrec‘%i‘1f5‘éinﬁl“€‘?f‘o‘86‘1 ?ﬁ °§m“ﬂ Bhage cocktail conprises F391/08,

F394/ 08, od%gbﬂ@s 2200 O e drd8y b Oe bhdaerro@ha lmwok)@eliomntnmudmg%eMa@&x@pckt ai
conprises F391/08, F394/08, F387/08, an or F170/08. |In _cert

enbodi mepd assignmeniRfayiatize dectons: dBRbiersdeclydss 8 ligdns gfsby PBES o tf?@ﬁwe and
F168/ 08.and Br&8des Fb e RRORE TBNEsSpositide WilAY heCREKIA) Lii) Qmﬁdoﬁﬁﬁarﬁﬁgle{c%

F394/ 08, F168/08, and/or F770/05. In certain enbodi nents,  the

cockt ai SequsAsss (s Istgg/ehompolpappgrotempsry)doepnsetied fomainy (‘.’Yﬁhm[’éﬁli@]"d?dn
certain p%%éa’ﬂidg%ﬂ& g ) Jnfaeg@m%{eom@&f&@mmﬁmmeﬁ1ﬁh%@a19p1§§%é&% the

F394/ 08, and F488/ In Certain enbodi nents, the phage cocktail conprises
F125/ 10 aniBoasidigquenasaf SBQ IRNOB576/repectivilyeer t ai n embodi nents, the phage
cockt ai I s F ;

embod mi P T O G o e L o L8R 45 PHER g
F170/ 08 aClIdnSQ§é¢ItCa|Qf RQoth Midies, Tbhe)ppmg@ntgoéqamas |(“QRIFR3} ipeadictady 15 the |

ot O bl A0 ORpnky 685 ShA-GIRIRY ke agEBOGKL Sl |

t he phage agowlindigates therdirettimef FaRErintdn. Kokocodng: Blatk tEORIsIgwineh productser t ai n
nmbodi [ i / S84
eroo T gk 5 RARRR, SR b2 oo RS Lot GLRR M R BN,

F168/ 08,GrEy77®7Kf5 coding Bl PrbBiddSthat are canilaaito peritind dfrenkingwn tfhwtlprhd"geptyzockt ai l

crbodi molte. S BT Bes e aoreRBeel By S Heh" bbbl

and/ or Iadﬁbékes Fuanotiendlixi a%gmﬂdddk‘l'ﬂmm sjsotlisedphabxe figwe k tThe | infoongion Se she
F394/ 08, F488/1088 FAa4/ i(% d/orF@? 7/08. In certain enbodinents, the
phage cd@Ried? #seBRyedinta pigBlp 488/ 088, F387/08, and/or F170/08. In
certai n [0B2DEIGR AAS4K 1 hieatm’eﬁgﬂhetbed(éraiphagemmmsg&mﬁ&%ﬂcm&ng@é&&bﬁ&&xs
F170/ 08, and/or F168/08. Ln certain _enbadi h tail
Conpr | 3888 REHEAMSR Ol pyEa YD BRC e D8 EHA AT YIRS JIseoT (inOREs PR Etome
embodi MeRE $rovidee Ha@a ORE ki) disl pssiioh wites te38hbm8, (ifF4BSLABed hriAd Qlclb,
and/ or F1245/05. In certain enbodi nents, the phage cocktail conprises
F394/ 08, F488/088, F1245/05 and/or F391/08. In certain enbodi nents, the
phage cocktail conprises F488/08, F510208, F44/10, and/or F387/08. In
certain enbodi nents, the phage cocktail conprises F488/ 08, F510/08,
F387/ 08, and/or F170/08. In certain enbodi nents, the phage cocktail
conpri ses F488/08, F510/08, F170/08, and/or F168/08. In certain

enbodi ments, the phage cocktail conprises F488/08, F510/08, F168/08, and/or
F770/05. In certain enbodi nents, the phage cocktail conprises F488/08,
F510/ 08 F770/ 05, and/or F1245/05. In certain enbodl ments, the phage

- A N Ay NS AN A N o l—ﬂf\rllf\f\ L




[0114] In sone enbodi nents, the phage conprises F44/10, F387/08, F170/08,
and/ or F168/08. In sone enbodi nents, the phage conprises F44/10, F387/08,
F168/ 08 aWw6/2012/BFBO/ 05. | n sone enbodi nments, the phage ®OFPIR&G@H0@®AY/ 10,
F387/08, F770/05, and/or F1245/05. In sone enbodi nents, the phage conprises
F44/ 10, F387/08, F1245/05, and/or F391/08. In sone enbodi nents, the phage
conpri ses F44/10, F387/08, F391/08, and/or F394/08. In sone enbodi nents,

t he phage conprises F44/10, F387/08, F394/08 and/or F488/08. In sone

enbodi ments, the phage conprises F44/10, F387/08, F488/08 and/or F510/08.
[0115] LousRee g ?% ﬁom&l@? oRNREEinS %ﬁ&tc@héer\gg %Qﬁints'\plﬂnm Qbodd@y not

i nvol ve phage sel ecte or 1ncreased In vivo 8 as discl osed
i n US 5pegpepsdeland: (e an assigamest ffputghive funetica. |Qitli§r1p67r h&tehmtfé ef pndgge the
referen ?ﬁﬂﬁ t cocktail conprises one or nore
ponpep?ﬁé@s @§ a?%go ro H%ﬁ@pg?q%%r%ﬂwﬁ and/or a fragnent, variant,

or deri MSBIVHGtShéAécH" S¢hemptie pf dmlcaganazap@i ybthptﬁ%&’OS fgmagnmenompnirmg tat , or
derivati h b a Js : In
sone e "1’; celé %Q(Iute O%hﬁé;%ﬁ) ?ﬁdge %Q% %naleﬁ(gh Zm&ar Ian )ggrecggt%‘li é{a

t her eof ammasmmatslgsl 6Gkb gannsie $te$remfeseateki}hyl anro(wsrand nargbaeet 1ntH1|®ked’ﬂ1¢ deechon a CHAP
donain) nd/or a il prqtein.

ol ypepet b 25y paliisdBl Bl ot SelRERighr Gl ErdlE HdGmors Garrish . o
deri vat pi\bﬂudthelﬁemflonaamsiiﬁﬁlemti doeld Heaha&ierbasadbnothe kowADfuACIdk 09 BoA@lpgduse

contents of ich orated by reference herein
o ateins! e Bifs SPeing BT iR rscthat b SRS oy Pl S S Byngtiony o
pol ypepEm@s, — ORES caling for prorins s Siee Ad signiliyas Roml0dylwith ok lewambles of

ot her therapeutic agepts th be us i nat th th

pol ypepfateRasess et Aviashs ORED &a%al%ﬁfte%ﬂfbﬁﬁg‘b BUfs: b il renatian b
ant i bi oﬁg@rem@tusglu@mﬂ tabm;rlfa,mtch]% agent s, antiviral agents, |ocal
anesthetl c agents, and corticosteroid ne enbodi nent s, the cockt ai

i s adni H03¢ . 16A-¢INAD A Eeatures of then b%ﬁs?rrowh%&e. E488{0<§1&e}>m3t Hichding gene

ant i bi opjo@setd mtasn%&eopaﬁglwf&d&nmarmq%uﬁa lﬁahde@qmasg $6 ROORFOOPIESI NY A
bact eri ophage and/or poly E?@ e of the invention include, but are not

|i mi t edggnomezaaf peavides fgeq%ha i, itskRosiking ovIthin the GRpRIRey (iDrile prgered #mino

par ononmygy eequéﬁaed(%t o IRBhO O Knfblogdh ame%yadrbongemae%ﬁfne with R iRMBACdd
rifamycin, naphthonycin,” mupirocin, dana ansam t oci n,

car bac ep@iémtldﬁa m%@ﬁemassr@mpmf@matleq ﬁuag@ne r:rﬂ}IRFF Ar28p diptedin KI6r 6 propdarihe

pani pen al osporins, cefacetrile,
cefadro%%ﬁ{gce 1%%%%Ofﬁk?ﬁ$§§?¥%ﬁﬁaqgé?mﬁ%§hun1 cefal oridine, cefalotin,
cefapir [Qﬂ55]cl"elﬁaf7 I i Sehereatic ez erhnization of thedtSaMO8 gerstnaez edmprisingethe at¢leie,
cefroxa o] csE r »» C

cof Lzonil safifld S ko FARE " The (R ekl RRPICORES) HRHLE o
cefd|n|amn@emdeGBngmmeke&aﬁmtwnwéwymnqw$amkmmMnUMumbhdceﬂmemawwnof

cef tibuten fh] 11e, t f azone,
cor t azi i T DOk Hf unGEbA prRRGIpGE CUSRIATE, LT DREL MR Sy ph RS

cef ozopa dimcticed pssrgnment wekichei maivbasdd| anntbx &fiowrc Bhttiins pf bbraologamss tphatainy ci n,

larith ,
penci || PO g e g iyt st ) Ry bR e SRERIST

pol ynmyxORFB, coding OﬁoanrdS’temi [theredpatengg slmiﬂodntx hemalogyd withx prlotelmsc inaavailable

i rom di,¢c .aci d i. pem di ¢ ros rof | ox enoxac
Pl er oxatfisteoduPURaR Reendl PRrs SN et i B ure. B89 BErERroT Bt oxaci n,
ruf | oxadigite iskddodiidlwiea di tabulgabmﬁ inCEIacsl n _grepafloxacin, |levofloxac in,
nmoxi fl o a Xac in, rflox nafloxaC|n t osuf | oxaci n,
O it | RSB AR BG Y or R bactsnaaioas Pate/ Y Babar neiiding, EGPF S es
prul i f| gndegbigamétt oF paaanfusiiond) ETHeOdud BeludUBsiag ioflthe (X sEFANI Eenome

chl ort hal j dong, opam de, dlchlorphenan”ge dor zgl. am de, ethoxyzolanlde
f ur osenfHeProKig asrgoaﬂaeh ORFi @) 1t @ositiony i the sepamice fi) the, enfioded paipg, acid

met ol az %ﬁencar@nemeﬂ; , oﬁh@nﬁ&@g{gﬁ@rﬂraens sl Rl Nan, wishih Fadaidee.

sul fani | ani des, sul f amet hoxazol e, sul f asal azi ne, sultiame, sumat ri pt an,

Xi pam de, tetracycllne chlortetracycline, oxytetracycline, doxycycline,

| ymecycl i ne, neclocycline, nethacycline, minocycline, rolitetracyc |ine,
methicillin, nafcillin, oxaci | in, <@3l-oxaci | | in, vanconycin,

tei copl anin, clindanycin, co-trinbxazole, and any conbination thereof in
amounts that are effective to additively or synergistically enhance the
therapeutic effect of the bacteriophage and/ or pol ypeptide of the invention
for a given infection. [0119] Local anesthetics that may be used in

phar maceuti cal conpositions of the present invention include tetracaine,
tetracai ne hydrochl ori de, Iidocain, Ildocalne hydrochlorlde dlnethlsqu|n

T .



polypeptide, and (iv) an assignment of putative function. ORFs 1-53 listed in FIG. § encode the
amino acid sequences of SEQ ID NO:507-559, respectively.

[00657] FI1G. 9: Schematic of the organization of the F44/10 genome, comprising the nucleic acid
sequence of SEQ ID NO:560. The open reading frames (“ORFs”) predicted in the
approximately 137kb genome are represented by arrows and numbered in black. The direction
of an arrow indicates the direction of transcription. Color coding: Black — ORFs for which
products a functional assignment could be made based on the known functions of homologous
proteins; Gray - ORFs coding for products that are similar to proteins of unknown function;
Empty — ORFs coding for proteins that share no significant homology with proteins in available
databases. Functionally assigned ORFs are also listed in the figure. The information in the
figure is also included in tabular form in FIG. 10.

[0058] FIGS. 10A-10QQ: Features of the bacteriophage F44/10 genome, including gene
products and assignment of putative functions. The figure includes a listing of the ORFs of the
genome and provides for each ORF (i) its position within the genome, (ii) the encoded amino
acid sequence, (iil) a listing of homologous proteins and conserved domains within its encoded
polypeptide and (iv) an assignment of putative function. ORFs 1-216, including ORFs 1a, 1b,
82a, 82b, 82¢c, 114a, and 114b, listed in FIG. 10 encode the amino acid sequences of SEQ ID
NO:561-780, respectively.

[0059] FIG. 11: Schematic of the organization of the F387/08 genome, comprising the nucleic
acid sequence of SEQ ID NO:781. The open reading frames (“ORFs”) predicted in the
approximately 167 kb genome are represented by arrows and numbered in black. The direction
of an arrow indicates the direction of transcription. Color coding: Black — ORFs for which
products a functional assignment could be made based on the known functions of homologous
proteins; Gray - ORFs coding for products that are similar to proteins of unknown function;
Empty — ORFs coding for proteins that share no significant homology with proteins in available
databases. Functionally assigned ORFs are alsé listed in the figure. The information in the
figure is also included in tabular form in FIG. 12.

[6060] FIGS. 12A-12UUU: Features of the bacteriophage F387/08 genome, including gene
products and assignment of putative functions. The figure includes a listing of the ORFs of the
genome and provides for each ORF (i) its position within the genome, (ii) the encoded amino

acid sequence, (iii) a listing of homologous proteins and conserved domains within its encoded

24 .



scaling in toxicokinetics" in Toxicokinetics and New Drug Devel opnent,
Yacobi et al., Eds., Perganon Press, New York 1989, pp42-96. 6.3
THERAPEUTWQ 208M3pB028] The bact eri ophage and pol ypept i d@ST@T201h8098Esent

i nvention have activity against a plurality of strains of K pneunoni ae, A
baumannii, E. coli, P. aeruginosa, and/or S. aureus, e.g., as described in
Tables 1-7, in the Exanples below. Therefore, the conpositions of the
present invention may find use in nmethods of preventing and/or treating
infections associated with K pneunoni ae, A baumannii, E. coli, P.

aerugin nd/ PHAR, t

enbodi n&ﬁ?gep% tH ﬁg&{ ﬁpgg#gl nesnlt% %fh’e resgﬁt @:@\S/gn@tg?giﬁégréé%@ ll?geglccjoqteo treat
i nfecti dwms@mi@ee@bm\wtdﬁsﬁ@ll@tlﬁ@s §§b¢ﬁ>7éisreepecsmbal ns of these bacteria,

i ncl udi [y pi_ der . di ' [ . itis,

S. hae y6t1 F gft?sg,?q%f‘“]hg!mkgﬁes%a%&%f éhgporrga %hz%(lgﬂc%fst,hesglgﬁdn%el“gﬁé’,C%g.p%&é g’%i S,

M cr ocomedlsic heitl seimendBat SEQIDNMH 074. sThe Bpenpmadihgl ﬁamEs (“ORFsi@ prefd @@ i then
specific e t he sub ect ei vin na eut.i cal sition of
he 1 nvaRRT SRS oA L P Bt ey e AU BEER Rehe] 1 SRRy o
(e.g., boamnjrowriadiedts, the algembhpiﬁ tmnscammaﬂ Celog codmgulklk&n QRIGkfor gdixke) ). I n

t he conte of th resent invention n refers to_.ther eutlc

tr eat moREdGih A fuieHoRh G eht Rl Regide B CEE ion it e frts oL a0 R

severi t yrodins; BB} I ORFs&oding Tvy pxbeucp;r Hha £8 Simifr 0 peUteify eﬁ/aﬂﬁqoweurwmnt ons or
under | ying ca e,.d., bacter] i nfecti 5500|ate W th t

pat ol G - DTt EdiGH os PRt Sgpe share ae FigrN bormp BELHE PEUBL A ot HEPEpeut |
t r eat neghtauiek. PF@RINHafE taksigred ORIV RS ilivRd meaﬁ:Uﬁ Whe lirfbrihatibe i Bjeect 1S
to elimnate, |essen, decrease the severit S om1the progression of or

del ay OIﬁgb‘Féi@?ﬂm?IH@dé‘i/WB?lérn@“%f“ FlRgel44yi 7cause (e.g., bacterial

i nfecti ppue2pBRACI13AEAZRZt hFédGePat t}fel &gteﬁgéhag@wzs/mrgemmedllwmgr gerlet 1S

al so cont errpl ated that a bacteriophage an po ypepti de of the I nvent ion

acts as PEAB¢tHpHyassigrment of pyptivedinrciions, el heeiaits ecludgsealisting afthe MRFseéthe o

I nfecti %Eho%ﬁ%@q)raxde@qgr &kh me(l)b@scﬁc%fdoﬁ withihl 8] geKorRE) /TR A€ ded amino

baumannii, E. P. aerugi nosa, and S. aureus are responsible for many

severe Gijéé?quelﬂﬁesﬁil)ca lising of g@ﬁglogcplérptqt@m and apnserved flomping (rethin i gnigoded

conpro t c it r esent
n@gerﬂgﬁéc' OHﬁant (eﬁpﬁ% a@%[%'lr?e-ﬁhgf @Jv@%‘?c%ﬁ é ¢9pBOB1 LI 1RRT iPthid ﬁ%uﬂ%

i nventi or treating infection associated Wt

pneunonieede te daineracidisequeres §ISEQ B P&bl@érﬁ@@»aresmmeb’r irgludingr %ﬁasandor

aSSOCIa I eci r strains of bacteria, including, but not
5596 bt B 1SRERIS0) | © (including but not limted to skin

uI cer s [@éﬁbﬂhﬁiﬂ dSA-158E Ther ewleotidd setjuaimet ¢fcthe fgsmame ot dactdriophageeldil B8s i n

and aro:(ggi% ‘3 post-operative infections, infections associated with

cat heters and surgi cal drains, and infections of the blood. [0131] D abetic

f oot ul §a064] BIGSN 644 6Q HEhemaiklootidecepieh@atfitiengenahe df mbetieghapeF3i94{08{SEQ

occurri ?‘gwg about 15% of all diabetic patients and resulting in about 85%

of all )I eg anputations. (Brem et al., J. dinical Invest., 2007,

117(5) : 10065} RIGA2 ) 7A-DVKKEKe sTherhtedtids sequpades tHelpenomx oftactstighagaof488/H08 wound

heal i ng ﬁfﬂﬁﬁ@a Non- heal i ng chronic diabetic ulcers are often treated with

ext r acef Pri x repl acenent therapy, advanced noi st wound t herapy,

bi 0- engij0vsey EIGS! 118AUBXOr TAK inticl&itids tsequéh@Sof e @shdind € badt&ioptader Fdemsnt |

arterial %ﬁég)ugri zation, and/or negative pressure wound therapy. (Blune

et.al, re, 2008, 31: 631-636). The ulcers may becone infected

Wi th Opmmprm I1ADAUURS: iThe noBlecdilef sefiched ofthaGRhbia of bitgerlophabe tH4ar10

Accor di n%(i foot ulcers in diabetes also often require antibiotics, e.g.,

agai nst ( H?] Po¥8¢cus, as wel| as other anaerobic bacteria, such as

Kl ebsi e oaspn@srrmmoxﬁmhelr}fémhae&mk Isequeitd/oP the R RMAOSIYABEri DR LOF IR0 HB -

[0132] e or_nore conpositions of the present invention find use in the

t r eat neMEQIP YPatfdti ¢ foot ulcer. For exanple, an isolated phage or

pol ypeptide of the invention can be used for the treatnent of infections

associated wth diabetic foot ulcer, in a subject in need thereof. In

particul ar enbobdi nents, the conposition used for treating diabetic foot

ulcer is a topical conposition, fornmulated for topical adm nistration,

e.g., a conposition for direct appli<¥t-ion to an ulcer, wound, |esion,

and/ or sore associated with diabetic foot ulcer.

o



[0133] In certain enbodi ments, the conposition for use wth respect to

di abetic foot ulcer conprises isolated F44/10, having a genonme conpri sing

t he nucl ewo 2acidessequence of SEQ I D NO 560 and exhi biti mgTamtihacdoss i al
activity against one or nore strains of Staphylococcus aureus. In sone
enbodi nents, a conposition is used conprising a polypeptide isolated from
bact eri ophage F44/10, or a fragnent, variant, or derivative thereof, which
pol ypeptide, fragment, variant, or derivative exhibits antibacterial
activity against one or nore species or strains of S. aureus. In certain
such e i I | ypeptide,..or fra t, varli , i ive
Cher eor 10ReSTERFS 211202 ABREMCAS o leal GRP TP eoid B bncflbptdft FER10

ant i bact(8EQAD NKe:i 074)t y agai nst one or nore species or strains of S. aureus.
In certain enbodi nents, the conposition for use with respect to diabetic
foot ulcer conprises isolated F125/10, having a genone conprising the

nucl ei ¢ aci dﬁﬁequﬁﬁ‘filﬂﬁDﬁgd FonL1074 and exhibiting anti bacteri al
activity against one or nore Strains of Staphylococcus aureus. In some
enmbodi mdM] The pesqpodiveition i dircatsé tb isolated baditeripphageprol yhvaisdlated palypeatiéed f r om
bact eri oph F125/ r. . : ar i , I i ,  Whi ch
pol ypeptpl? %@?ST }Faé'bn a%ﬁ Pac\%gfd ??ac?]l'? 1?390 amcite(rnlyev(gartrﬁé\}tg S_%é%ﬁﬁs g’?tsgé{gsﬁéq/tﬁ%h{kg%ﬁ% :

act i vi t ypathggéns SKielpvedlagnenmorgas phbicebader dqurainng, Bich&ichauc@isPseidororest ai n
such enbodi nents, .the pol ypeptide r fra n ariant, or rivative
Cher eof Seitgmant gt b B oo ment TR ppcllopRil orfabFpALE ok

ant i bactpedviddd that extiibiy aatjaicrubial Giné/oprantikerisipativey againgt methiedlliofesiStanaur eus.

e e VR U S o S

exhi bi t iny edivibagibactedl onGhiiMickabiatQaiivigt agaiet oe BDMeresipedicNsdr Sffains of

St aphyl ocgoccus aureus and at | east one phage . exhjbitin nt i hact eri al

act i vi t PG s acé“‘&i‘f“ﬁ%‘g%tb“b%tt lypiied toy H %’é‘(‘i’f" ”«‘fﬁ aﬁ’%%‘ fsng'nfasv,mst ﬁ'e phage
cockt ai lnaensphidus s hbais 8. apfipmptidnd Z0kikidnk & @bl AficRidoddhs lutak, BeAsd one
ot her pha%e. selected from F391/08, F394/08, F488/08, F510/08, F387/08,

F170/ 08 5% ¥€8¢-G’8‘,’”’1F’7f0i”0‘§£a“8ﬁda‘ﬁ'i’245/ 05. In particularly preferred

enbodi MEdA] 14 REmPhaB dGRGKS ahé iBRNRGA SRSVided 44 Iicenshhage hivihs 10 gkiome

conbi nation with one, two, three or nore other Bga es selected from

F391/ 08 coppesPee; consigi@ecd therpelsicrgidassaresre /5467 63 NY: d1 3siperitic cxamnle i

enbodi NBREFdank itk HIPGRbIdirRéht fQhe 6BicWibhRedPRRRF391/08 GiadEhigetsTaaRinbE Cer
conpri ses isolated F391/08 and/or F387/08, having_ a genome conprising the
nucl ei ¢ CAcitrding eqfulisbeellsr sesEies:| clding Jor prammonipe Ned K8aviqcas pActihgBRYS, and
exhi bi tiag, BRtidPaGhERIAI083RhNY, LYmBMIRE n@IG: Aid SRfunce bf SEQIDNOM, @psi el | a
pneunoni aé. | n sone enbodinents, a conposition is used conp[|syng a

pol ypeptprerédadsoFki-dd Preonsadietieanes irrtbe FAYE0hgrar e arguqyidrd, in 51G 3.

fr ag”entAlsovﬁng'vﬁlgﬁ ard Fhed&rshi\ﬁ b¥ et OREL Rfithin'Wlé TBndd¥, YIRERhind Eacid §RGIRE -
variant, or derivative exhibits antibacterial Tactivity against one or nore
speci es engodsd rbyi ths QRFsK homelngowsi e sinilar peaiting and getserpd sldmaiaptvsithin e

pol ypept | , i i j: t 79 b . im a
i ot ed BolyHRAPTRL o Bl Ap Ll WISE, ORECRIT el YLD Pt
one or roewle dpaniesacd seguenaéstd SBR IR Woe drghi raspectivielycer t ai n enbodi nents, a
conposi t} ONRLLSI a C all i S . e 1 phage
cockt ai I[b@g}r%nr i@g@g %Tn&)ldgréeg% ’ %ﬁee lg "g‘g@l é’%‘iﬁ%elgti?ﬁvﬁag%%hg%e\é\{ﬁg%ll %Ig.gce:t Ivity

agai nst comerioing omcoasistingaifile: roicleld ablkicghdnae phSHOEMININGE 78hd AaspediBastamplee phage

exhi biti.ng antibacterial activi al nst iffere teria.
parti culnégccé’ﬁ‘i)aga? Ry t%“,s n%’é) db eé%)és coclﬁ(gg[f’? %(a:%errrfno ﬁ%%egﬁ %‘—B‘gg}% gélcgn%éggtrs 387/ 08
i n conmbinnaiberost swhink oBKI/ebgeliit spedies, dicheingph ageumsicecing K. bxyoimaF 30 4ohG@atic

F488/ 08, F510/08 4 F170/ 08, F168/08, .E770/05, F12 ] 125/ 10.
o D R s s e Rne b B SRRl ST T8 TS 1 08
and/ or F3§é4id& inFIGC DM pea réading \iatas (OREs) invihe F38T8gzeasmeramt @rovided in Fllsages

sel ected_fraom F44/ 10, F488/08, F510/ and/or F770/05. [0136],1n certain
erbodi At 4150 HEv dghiShe RSRoRbT NS ON SRTIUL SLIOTeo TR A 144 1DBFEEN cer
conprises isolated F488/08, having a genone conprising the nucleic acid
sequence of SEQ ID NGO 3 and exhibiting anti bacterial activity against one
or nore strains of Escherichia coli.-Bfh-sonme enbodi nents, a conposition is
used conprising a pol ypeptide isolated from bacteri ophage F488/08, or a
fragnent, variant, or derivative thereof, which pol ypeptide, fragnent,
variant, or derivative exhibits antibacterial activity against one or nore
species or strains of E. coli. In certain such enbodi nents, the

pol ypeptide, or fragnent, variant, or derivative thereof, is a lysin, a
CHAP domain, or a tail protein, exhibiting antibacterial activity against

p— . e



aerugi nosa and at | east one phage exhibiting antibacterial activity against
a different bacteria. In particular enbodi nents, the phage cocktail

conpri seswb2d@38&sand/ or F770/05 in conbi nati on with at pceagboianerost her
phage sel ected from F394/08, F488/08, F44/10, F170/08, F168/08, F1245/05,
F391/08, F387/08, and F125/10. In particularly preferred enbodi nents, the
phage cocktail conprises F510/08 and/or F770/05 in conbination with one,
two, three or nore other phages selected from F44/10, F488/08, F391/08,
and/ or F387/08. [0138] K pneunoniae, A baumannii, E. coli, P. aeruginosa,
and S. r | ate tiqn v 9

cyst oms s bR e DR, ASRRCLAL S it bieG, il Sorkcliba bk iR,

bact er i epledegfepaymptide, pud the eptigriest oifplttattyelfmwanms o@RESai/é% histedi pebIG. d2use in
the prey n.an re | nfe Far. exanpl e, the

phar rracelﬁctolh%a a%m% at85d| éugﬁ%etsofé]%({zugﬁ?ﬁ)vséﬁzl g)tgbm e%tévg[}%ed for the prevention
or tr eai[(maal Klabsmltmfmnmm Bfa Glam- rregstpjer adnemytiley @dishaped bedieriune rfelrdas pi nal

fluid, er| and ,0 i nar i t 1Qns of
the 1 Sl RERA R e B g iaGs, S AR fpo G GATRRRNS b

pneunon ba;terlum‘ £ai naainsllyawsws irthe sbivdndhbaa 30Vufetsinadn flxatiosgen meanaexormeal

di al ysis CAPD) cat heter-associ ated bacterima, and n C.O ni.ngitis.
[0735] Farops URFRR oo ierion dmpaait, MEBHet ale SIeCHory deptt db of ¢ he
i nvent i @ntelddattemslepd, afhibie tiosay fe‘]atéd’toh@%@lt&cal Issaisienmgmfecﬂaﬁs_ttbmxba;wy to

prevent i nf ectl associ.ated wth unds, ers enings. i n the
skin, elinypeopgrat %WE%WF&‘E‘FI}“?&?XS&’P ‘Q‘HSPPB‘t %tre&e'a. g‘Q’P‘HHF GE‘gi‘ﬁ':’eé‘és or

devi ces gidpditAPis alsd af @ppHuRisETHAE R Fir patichtsdaet &frblﬂ@bﬂg@nﬁ?d‘s@z{se RAteyigept i de
of the inventjon is used as a single agent for treati.ng greventln

i nf ect i B#BOZEBEEYNEA MUGPLHRURPHYRE ogeeroma. Newnaigiotic r@lstae ptrainspef K

aer ugi NB3Aumonde bRl appeariabll £ 3y is F¥aSihg9h&Hd RACHREdoRlial SHEGIoRSfor bXangidier
enbodi nents of the I nvention, a bacteériophage and/ or pol ypeptide of the

i nvent i 8¢ oSORBEVithsoR@RIRKAINSEIMEIt: h ot her agents, incl uding ot her
bacteri qRRgOR §diN eROBdRIRs, HAInvERIACprodided ff%&é}fopﬁ&ﬁch%g% %én'f)ﬁﬁ'en of
bacteria), or with antibi otics that target the same or different kinds of
bact eri aomprrsmgmwn@slsbagpéﬁhi: audeit adid sefupregpf §ﬁ@ I Nt podispeaic grapwplering, any
gram nega éfd‘éﬁce%‘fht fils! eﬁibo@iRQntaigﬁlquotﬁéd WC@H V;?nagé Eﬁ%@%ﬁhwg&s 4h rﬂﬁ{g
classifre rampositive or gramnegative. e conpositions of the

i nvent i ofistraing Célffswet@éame&nemw, mlmﬁmﬁaet |bgwnwn@',h4 anigoartetiers, andahdwaffi. tAeat i ng
bacteri e L .

cont onprAFEEbiRASE O F AT R Khibidil AL BBl acit Whtdke S SO ID
treatinfCag, i rpfcyuiedmnFK‘aasQIbelbscad)agtﬁemba(ORd“(s) indha 539418t gengrne e pravelddt o, K
pneum)m oFr G Rfi(l)J n%@?ded ‘are the p051't10n of the Iﬁ%‘ N thangr{o%r §1e %%“:1 §45d
corrpr|5|ngamn|s ering { el her ot aco’rrpos

conpr i Sbkaygermed gt&bdeddagmhﬁ‘ DRFs)@omblogmrssxrshmragpmtentsmad aunsawedidordalseqmlmnce of

SEQ I D 0, .S 0, S

547, SE%O"’I‘.")‘""i@l@ﬁi P%qg%ePPQ’EQ“ﬁ'%‘ gg?‘?P"%qv 98(9‘%&3 fﬁf%f\(b %?‘2'1%) SEQ
| D NO &6de theaminofatidgemiehces vBSE@ID Ncmlvezmympemeveﬂ)hereof wher ei n the
fragnen ariant, or derivative exhihits .anptjbacterial or.anti

activit if""é{éa’i“ﬁ’éﬁ”ﬁ”ﬁfér by g isgy sPEYRS Ariesiers g’ﬁﬁ PP THbeh gl X © it

bact er i gpdvaigms, padicilsd at @dividusls amﬁlﬂﬁﬁipfr(brﬁls&ixﬁlmhﬁ slyﬁtelﬁﬁcgl’ @@Lﬂﬁ‘cﬁanﬂ B t h| S

enbodi ment , e i nvention QVi es nmet hods of ven g.0 reatln
i nfecti B@OIE%‘@E'édaeﬁg}"% gBaé'&P%af‘Yf AR A, is tfﬁ’t““f?&f I‘?f“g H‘”Po KGR m)nl ae,
A.  baunsf\fohmert-ang ﬂlotn, hok} ltaﬂ%dtmla% &he dacté@Im SEterﬂéiﬂ@sJﬁw bo@YYBhenSidl@ds,
admnistering to a need t hereof a .conposjtion co risi

S\fgief‘ve

i sol at eGRtesteap oaawaihﬁlgdflbea ﬂyéffwanm ugpiafly copRifRs, aq%&cleamonnts sdaf §

t her eof cfihadd RRiLBifiGlIAY Jafiétd s@ﬁlﬁmmrqjeﬂﬁl‘a&r}a%cfe‘ﬁbﬁsy walindshendChiR. dtpami n
fromwhich it was isolated (e.g., lytic cell killing e‘* [0142] In certain
enbodi mBofPEal NG ndre ATUTEHINE r SRR (FOlORBES IBTBa{Rge PaINtPTg aath dNtEAVeRqUsat i ng
an infection caused by bacteria including, but not limted to, K

pneunoni ae, A. baumannii, E. coli, P. aeruginosa, and/or S. aureus,
conprising admnistering to a manmal in need thereof a conposition
conprising a tail protein conprising or consisting of the amno acid
sequence of SEQ ID NGO 15, SEQ I D NG2726, SEQ ID NGO 27, SEQ ID NO 30, SEQ
I D NOs: 32-35, SEQ ID NO 180, SEQ ID NGO 183, SEQ ID NGO 185, SEQ ID NG
190, SEQ ID NGO 231, SEQ ID NGO 232, SEQ ID NG 235, SEQ I D NGs: 239-245,
SEQ ID NO 248, SEQ ID NO 249, SEQ ID NO 252, SEQ ID NO 254, SEQ | D NGCs:
433-437, SEQ I D NOs: 489-496, SEQ ID NO 544, SEQ ID NO 545, SEQ I D NO
549, SEQ ID NO 551, SEQ ID NO 629, or SEQ ID NO 686, SEQ ID NO 789, SEQ
ID NGCs: 796-800, SEQ ID NO 806 SEQ I D NO 854 SEQ I D NOs 999 1004, SEQ
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variants, or derivatives thereof as described above) and tail proteins (or
fragnments, variants, or derivatives thereof as described above), optionally
wi t h one wo 20mwis643act eri ophage of the invention or wi thpotriraeottineasnent s,
such as antibiotics, are also contenplated, as well as nethods of treating
and/ or methods of preventing a bacterial infection using one or nore of the
conbi nations herein described. [0144] As used herein, the term"in

conbi nation" refers to the use of nore than one prophyl actic and/or

t herapeutic agent. The use of the term"in conbination" does not restrict
the or derlutl nqu{ %8&(%8@}{ etrleg;atgrrﬂ;q/ ult plerr?ig%tl%é gndatgﬁﬂllgrﬁbe? ?n(?sgt:"(]nlt'i'alSt ered
to a subj P et it R PRTE TR prophylactic or
therapeumﬁealoageaueedd@m beuradin lmssmcecfaedl 1ptr¢centytears(e g., 5 mnutes, 15

m nut es 6 hour s

nour s 39050 39S Sermptent R drfenbeproyfisy ot sheuson b Foife & Bfimsaics . 4
weeks, 5omﬁﬂ§<iﬁg ofcconsigtieg, of BhenveleR, acialr seqinveekSEQHD dICe B, Acmmﬁmekaam}ﬂém wit h,
or subse ue m nutes, 15 nut e ut.e 45 m nu 1
hour , a§‘°e W‘tﬁgﬁg%mboé“h%fsstﬁe T?laﬁggl?%lenofﬁég‘?i%?gbg ﬁ’otﬂ 8urs 96
houL s, ]ibf\éﬁiﬂks %QE&@ga&Sua @emekﬁalud;lngweth, lgsvsmtﬁﬁc Io@ameam of8héNE4£88$08 or 12
weeks after teammstratlo of as yl acti.c .ar erapeutic
agent ( EFRYTES SAPPTSE RECIPF AS SERGRIRA é%ﬁ H’DB’?’DBher%Vé i i@e{n Pi a
subj ect r¥ding RanttisYORFS) Arthél FESYEREEenoRe Ard ProliEERTANTG. ANE%O%\H%CI&ME@E VE USE
[0145] Bacteri al pat hogens nost often infect at a nmucous ne site

(e.qg., bEHENSH{dthe Qs w@%.tteasepyw thetaeurg Adf Se‘iﬂebiférﬁ‘? dbs BRFsand t he
i ke) . TBmoBEeRUS sm%m%aﬁ&& dnl1BBLIE JoRhifs RithiRAhd aeodeaeperwastrde SQMRL | mes
the only reséervoir, for y pat hogzénl c bacteria found in the environment
(e.g., pregHmssbelgtatiye awﬁwec&&?éﬁsl Adisisd inekiCo 6 SBEady thepinacit AYIESS f ew

antiinf %egEéqEN(hgi@z@g@é g&ﬁécgogg to control the carrier state of pathogenic
bacteria. However, studi’es have shown that by reducing or elinminating this

r eser voil#0TTh Eeahgniehim eadinis & Grammegasivh spihepaddagtadum thes isrgmmentyfoundria the
I nci dengg, 9f P’te@tftr?echf% axst %@ﬁstgg%er rﬁna\tt. |theuRtGiviBEHEdbY SEHCREmanThE

prevention of nosocom ca vol ves routine and repeated cl eani ng
of af f egersthingestifial drast. I\[I@SlEGQfoh“ﬁﬁrelnbar@tfermletphagelaarﬁwrmartmflﬂwp@pmtﬂdbga of the
pr esent tj:idf ) I

ont r ol 1 TEENAPEHET D ST el Rollla, 17 SGHICKE JRAROR) bbby fbventing,

aur eus) th@smhhsrlmgat wﬁpethbg@tuebacarleen@m thKlntﬁsemﬁieaen vituleisstramnof £. col. coi |,
and P. a i ve or
& am ned SUE i R8T s loof BERSIAL o AREHER £BoF ok B WVRERELENE. O

i nf ecti ctiains, Isur:harsimlﬁv bﬁ' tap casse senus dinesssint ievamglehtbrin the pldedattheovery youmgcous
e e W R SRR RS s §n BRI PARY 5icf oy D131 PO | BgLROT AL on
may al s&' B8 THEOPPOPAT e ormul ati'ons "suc eans P OI'nt ment s,
or spr apsteﬁﬁullydetﬂhlrtoklhs ngnrolentpstreme rof iEngolcaikcocunzameogasmfentaant elrmaryctnctbody

surfacesqg ﬂ a%r] mucu menbr1 nesé %{ g 1erlllzat n_of
sur gi cal™MPsHenY s "68?a?h'ele'H% BnEFesh d &GS kiSE (ﬂaerﬁ% TREE LSO KE s
and/ or gHUSE r]ieﬁil)on&n;d s ey sSpIicbrdlaS aid mtaﬁ-né@nge ,pnamp:innaaneeshercdumt ailt ops,
and, in gartl cul ar Ost? mente9 Zf PFIttNA L0147]
The. bac tBRFIAfTHRE iatnah 55 St a a0k Bop Paeialh A SRV S Sebd Xy be
used i n aARDRESGNASLREY] erdrland dnfér tkabdanel, ﬂ&m@taug)fcamrpeﬁteﬁltle tidevincles. The
conbi nat i on OL nanot echnol grgy and jgﬂgl ecul ar bi ol o% S | ed Eﬂ?? qr;nig

gener at it BIOOR RIURRY Beatmety Husstinal ucospspssopiatety o§8 h1akso BR ARETY

Bi 0l 0gi GreaSdtStuRiBRrsfit N lihMihrRas e Bowel didses rotitsWiRaRfandBGéraiR! BLY. €S,

mai nly proteins and nucleic acids, which are struct urally. organl zed at the

nanoscall®78hAatbigtisighay ma%lbﬁluéfgiltﬁ&Patr‘Faé?lbWBqCE%lné]é‘ sepoxisifig ay gl g% otiehoscal e
appl i cats@ngnthetic p;?e’iﬁc'nlﬁh’s! afnanyPr @pRiIGSorMs! tatbapdhleds OTagidddngRd thinEMEpriHLeS can
be used in the devel opnent of nanoscal e devices. [01 I'n_some

enbodi merifamethpxagls, yaproflepacins nitrpdurpnigianapd ih %am%ngeer depethedastng of a
tail pr @rﬁhmeéﬁwg orgdnfihds, EOWP&%%slstaﬁ'tb thdreintiBioAtLindy ar@ AFRER! Qinst

associ ated tarl pI‘O%EI n, tail length tape neasure protein, baseplate wedge
subunit), or fragnment, variant, or derivative thereof, |sol ated froma

bact eri ophage having a genone corrpri sing or consisting of SEQ ID NO 1, SEQ
IDNO 2, SEQIDNO 3, SEQID NO 4, -8Q I D NO 560, SEQ ID NO 781, or SEQ
ID NO 1074 (e.g., bacteriophage F391/08, F394/08, F488/08, F510/08,

F44/ 10, F387/08, or F125/10, respectively), may be used in

nanot echnol ogi cal applications. For exanple, tail proteins fromtail fibers
of the phage may have highly organi zed structures and nay find use in
nanoscal e conductors. Such conductors may be used, e.g., to deposit gold
and/ or ot her |ons [0149] In speC| f| o enbodl ments, the poI ypept| de of the

. e o o o o o, .




1053- 1060, SEQ ID NO 1077, SEQ ID NO 1217, SEQ ID NO 1250, or SEQ I D NO
1266. In other enbodinents, the pol ypeptide of the invention conprises a
fragnment ,Wo20124136580r derivative of SEQ ID NO 15, SEQ | PCRE®T2@8/00BEQ | D NO
27, SEQ ID NO 30, SEQ ID NOs: 32-35, SEQ ID NG 180, SEQ ID NGO 183, SEQ
ID NO 185, SEQ ID NO 190, SEQ ID NO 231, SEQ ID NG 232, SEQ ID NG 235,
SEQ I D NGs: 239-245, SEQ ID NO 248, SEQ ID NO 249, SEQID NO 252, SEQ ID
NO 254, SEQ I D NOs: 433-437, SEQ I D NOs: 489-496, SEQ ID NO 544, SEQ ID
NO 545, SEQ ID NO 549, SEQ ID NGO 551, SEQ ID NGO 629, SEQ ID NO 686,
SEQ 1D Mo £8 BRI {8018 901350 PeNinSnIcRERIRAR, 1R, SEQ 1D
NOs: 999- i’Bé’g % g? SNcE: 053- 1060, "SEQ 1D ng8€r@ 7 D NG 1217, SEQ
| D NO I1®8&m armblosa;)fqr@xmle J!@seecm@rmrtwubap@bl‘emgmm demes atmstr@ns of
derivati 0 y find
s, 0. SueROBIERRRRE Bt 0 o ARHE B SlgBh ool ke Corpn DRGSR
I\/ETHCDS lcQirbe erifimpeqragseier inanye iftriooall, a:lesm;lllemaodv‘pawbdo@pagmfbgtap@twﬁélwhods

for det e eg{lveg Etxt1 ride té§&1r‘ul Y et%—%@ﬁxt’nai dut%ﬁi%tbe cozls’trzilg'sf @1& a{ré) R:s%s Ft t%edlilt ain
enbodi ment's, the di agnosi s o CAUSALI Ve agent 'in

bact eri atray offatibibtics resaltpxemfeomsmdhdoyre(pm)tncaluﬂly dmfﬁiqmg tcb trem ue bI ood, or f I uid
sanpl es pati ent cor st andar d. t echni ( contactlng t he
culture [@ﬁ? ﬁl ﬁ(ém%re ﬁ'@‘eBt:}cP%r |"8'5Wééle p%?ﬁﬁlf or? ;%Tt loé’ %%edé%\)"%ﬁ 3 ggome

i nventi @&npx@smg ((rlcbhs)lstlli’@l@fth@l‘nuﬂglc(aelmsecgl’eﬁkwtdf SEQOII/[DNOem despecifiotxdmpdd im af t er

2ol at QARBTG5 eod i ot ot CsreaBiget b SRR et b Aighen o

vari ant sf steeﬁnsdﬁrmmdmas $paeies ludirgNH SadrgiRRa S PeSdheaty orgaxﬁaman speei fic,

susceptibil it k of susceptiQilit nmor e eri.ophage
and/ or 53’@%%??@&5‘08‘@‘?‘%“%@%@?\‘&36@ X"Sé’f%ﬁ&r@aﬁ{)v‘é ‘?)?rof"a%‘f p#ég Zs or
strain @peh Rabink ifdReDATHRY | irﬁthe E’QIO/@(QJEB&@ aredR6VieasRAFIGraH WM Ko povides bire
cultures after contacting a bact eri ophage having a genone canpri si ng

or consithstRosigons ofithe OREe Wéth@ ta% EenogKqthe drdnogistd seprquers enceded pytthe ORS¢ h an

i sol at edoROlYRRRE kiHflat ﬁ%feﬁefan@eorg%bd/@&nglmﬁhﬁ B enbRMd BEIypepiugahd MR Of the
test sanple conprising K  pneunoniae. Siml arcgl a bacteriophage having a
genone @igRMeR Hputive Brstions PRFsfl-PBristedue FEG.S encpdr he guERESIISEQINESSNO, 2,
or an i 3ptRheE N YPeRl depepfigipict thereof or derived therefrom may be
used to 1dentify infection by A baumannii; a bacteriophage having a genonme
conpr i silM§0bPseudmenat nerygiopsat et eamme Erarhegeteqindribepedptectrmimdourd, inor  an

i solate d r 0, r ed to

| dent i 30T B I Bo B Bhost B e O s o oriin HerBeC
consi st iampspiferashlut nla@ wéth dun@cﬂxnigengeq dasnliativeE@erdbeN@d can infact damagedlisguasd

pol ypep ntify
ot oot ShmAESa il 8L VAR e ool AR S TR R bkl L

consi st iangheokingshe¢henuriragi tracicand kidugyenthe r8E ki WO fatsls 0BeqauseOif 4hrivgs oan

i sol ate ol.ype r. r ed to
denti £y TRFBETF bk EyRUS S Foud Sh Y abhedlEHiaREmb ARG TonllRl BEHETC | 2
bact eri ombﬁgéecaanﬂ/lmhoqpmilypmipcﬂmub&sPoderagnmspusermermf themnteiewmtrmayorbmistised in
bi osensors in herein, "biosensor” refers
on”anat gooebiisfeioBgRr S i AT SRbRER vaf Sngi® SA0GH B ey R AR o

bi ol ogi ¢ Rsemremant N\Aakkugaaomwalsomlmhﬁm cahmoietansd off buoimpon arféctiohsnand

parti cul.ar ot ei ns. i nvolv nition of bacterial receptors can
be" L ed teosh BSE P RER Tsrich] deyiEs G S teRor s "[0152] I some

enbodi Mpouss) Ina s )éﬁﬁ)bﬂlhﬂﬁtsOfthet hezentmneptdvmas QO BpdtéridphgzeOhavaipN ai gériong of a

tail protein nent, tail el dsor ption

associ aC¥BPsifg Or%P’afBSé‘i"% Of&QquFléﬁ&fiﬁequﬁ‘b@ ﬁmﬁb 3&):3 SPEHLESPIPE wedge
subuni t Jn a@ordah&@dWatthis Vetiboditient & tdefsolu@d ibatetibiRb@OF44/1G OMEit R darfdtom a

bact eri ophage havi ngf %enorre conpri sing. or_consisti n of, SEQ | D NO 1, SEQ
ID NO Dumbgeaf sispingst Staphgipescres sesios. insE@ingrs. diereus; o), sclgepstic gradeyzationof seq | D
NGO 107 fhe(rs401.0; h@ﬁs %ingﬁhﬁg@leﬁiﬁ&é{c%ld T RO SEAE B8, 5605k rOBded A4/ 10,
F387/ 08, or F12g5/ 10 respectively), may be used in biosensor applications.
For exanple, a phage tail protein may specifically recognize one or nore
bacterial species and/or strains, and thus may find use in biosensor

di agnostics. The detection of a certai%r baterial species and/or strain, by
one or nore bacteriophage and/ or pol ypeptides of the invention, can
indicate the species or strain of infective bacteria. [0153] In specific
enbodi ments, the polypeptide of the invention used in biosensor
applications is an isolated tail protein conprising or consisting of the

am no acid sequence SEQ ID NO 15, SEQ ID NGO 26, SEQ ID NO 27, SEQ ID NO
30 SEQIDNOs 32 35 SEQ I D NO 180 SEQ I D NO 183 SEQIDNO 185 SEQ
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SEQ ID NO 180, SEQ ID NO 183, SEQ ID NO 185, SEQ ID NO 190, SEQ ID NO
231, SEQ ID NO 232, SEQ ID NO 235, SEQ ID NGs: 239-245, SEQ ID NO 248,
SEQ | D NOvO24/0388BQ | D NO 252, SEQ ID NO 254, SEQ | D RCE/PTZB304®31 SEQ | D
NGs: 489-496, SEQ ID NO 544, SEQ ID NO 545, SEQ ID NG 549, SEQ ID NG
551, SEQ ID NGO 629, SEQ ID NO 686, SEQ ID NO 789, SEQ ID NGs: 796-800,
SEQ ID NO 806, SEQ ID NO 854, SEQ ID NGOs: 999-1004, SEQ I D NGs:

1053- 1060, SEQ ID NO 1077, SEQ ID NO 1217, SEQ ID NO 1250, or SEQ I D NO
1266, wherein said fragment, variant or derivative is capable of

specei Tiggl by ¢6&a08MI7d & {aﬂmgm fhe 124010, eﬁoﬁp% boGid&PECFRS 16N H1Qy one
or nore specific strains of the bacteri a. pol ypeptides find use, e.g.

i n bi osenevaded argpthe gesitéans phthe SFd6ivithin tbag‘tr@meathaﬁwr@rac'dﬁawwﬁ aeFoded Byai n
(rect ] e o, RARIEDRM. of NaAar bR afUSKRNY . adnllinsPNARR UR! bndBEQ €1 1
for use In a bfosensor will dete Its hos acterla, or one or nore

speci f i @obpemidesandribll wsigapertiof petatiterfanationsf ORFel A tindbulineela &b, 8Aecf@bdi ngl y,

cor ospand HaTrR[FE: fued ATILTIE ML AR ENARADAED el 1 SPOTA P 36 o6,

SEQ | D M@, aZYndnﬁE@lmthemQurao or SEQ | D NGs: 32 35, or a variant, fragment

or deriv t her eof ecoani.zes._an [ tralns
of K pné%ﬁa °m§ucrﬁb°(§lenf' ec |t[6?1 Hrlran l%e AT |rb \?cejteré?p%tag?@lgvnlg% n%e]%n?
i nfecti cmmpfmngerrdoasmmgniﬁdtélnmellatcsxpxdtsla@enm/cétSlEQoIﬂD Ié@cm‘?pas\sspsclﬁc txainiplgor ot ei n

correspondln to th mn cid, se uene E 0,,SEQ I D NO 183,
SEQ I D Ny %a“"%l’”“éé%sl edimeps i atvirbf‘iﬁffgph?%e%?ﬁ%’ BVP‘CEQP‘%%U ve
t her eof ,nuwibbiCsT strein® gNSzpkIadeus allfbciée,txﬁﬂﬁdlﬁg"lﬂ Dired3DIAEschtmaticnagaiization of

baumanni j . det ection.may_ be indicative of nni i fection.
o Tart he F B e comprang the BRITORCE seaase ot SEQ D) TR G: rokided
R g gl g e T ey 'A‘“gmzf’%
NO. 252,Prayigsdiaps Repospiinns oééeqPésmeﬁm tE%een&@? ths@wnpemﬁég quenges eneg dlB’r SEQ
D NO 486,00, Shoudldgdid .or f JiBDAFE PloteMs dﬂf ic¥Rdetvé@ mrl@oiwthmhu@hemaagm zes
and can detect one or npre strains of coli Such .det ectij on

i ndi cat iPelPeRtidgrANg th%%fﬁ‘ignm?ﬁtééPP%%Ve[fB&@‘S’]‘S | AREs 22} hn%tgd%ané‘hééa 3t6§e
inventi g, %’8‘50[@%5&1%51 58b t1Rtdd iR FRG ClaNefcddd MBS RANY Jﬁ%énb@s GHSBROIIRNOE:
sequence of SEQ 1D NO 544, SEQ ID NO 545, SEQ ID 549, or SEQ I D NO
551, or 1&97§ré3(?0ah9cmd*F?tabeéhﬁFléWeder| vative thereof, which recognizes and can
det ect Q06839 @tamzscoéys%%s ffa @’mma&rsmgé hefcal PG VE RREbO W HTEYgrbRs as

i ndi cative P. aeruginosa infection. In certain enbodinents, the

i nvent i c&ﬁapéﬂﬂfé mbéses%svlth a eharacisrigfice Boldenopaless gath diengost ommonasAtsRo O stph
sequencg@iyqEQl R hjglueﬁt%g ar1$%@tﬂeDﬂ&Q fﬁlﬁlﬁlan%—%{g hid M%onl@l%ﬁor %ErQnéeDoiNo
1217, SEQ I'D NO 125 g 6, or a variant, fragnent or

der i vat iintectioner ledﬂdmg\mrnmesr, @eltbgmlczsescadma skiansyddtomet pravEIOBie, BASHEENEeTiiSi ns of
S. aureys h o) In
certain en‘b@y% O%mgﬂ%é&d%ﬁp ?3%ﬂggnhgonﬁ% grsogrse gaja%e%nflglér otk%f?ﬁ ctgér}?%g{)onm ng
to the amewd the fide swgUernemontaGEQLf DoN@oniig AnfeSik@s.,| WWUSI?@@O%@@%ICSEQ | D

NQ: 806, o%ﬁ? mtre)ct%%s 8111341 S %%R %;s[t) AX@E th?t%%@?%lo %at%lr:rg lnDAH%canélQéétajrso 60, or

a variant errvative thereo recogni zes an n det ect
one or nnnnmcsarsaaphSnﬁeétldﬁ @heatoara@ncBuate thetraathicidlim- m;tarbesmphdlocmcuwe of a
K pneunonlae i nfe one enbodi nent s, .t V.

enconp aSureus tstﬁams @\éﬁ?@) r%ﬁ%ﬁ %]azﬂn%dﬁ 0 Unco mon o%currenc’e in Hosp{tﬁ gﬁ%?ﬁg tﬂlleon of
two of mM9PEs,0fvhérh eheteaimlas phoémlussmpnoMRdAdpxabajm;e in rhoaplbisosémseort foov is
detectin re an. one bact.eri speci es nd r . sfrai.n ensor

a1 S0y SERTRE A PR eayiss R Br CendeAri el QRenguBRER: g « he
sanme or 4d(ihf QHBIIIM mOt)er Saaur@s Tlaswob&a A6k R v‘dAHla@d)ﬂlﬁc{eﬂﬁﬁHndAﬂﬂsrsbom ird
sequence varla of tide? oﬁ th |nvenF|on can be c eated. In
sone ent88SHd t it ‘{}) RAbyster fQABesh fhreq maRPy: iPSRETCTRTIEPC G¥%et i on
vari ants. Eeletlon variants Iack one or nDre resi dues of the native protein
which typically are not essential for function (e.g., antimcrobial or

anti bacterial activity). Insertional nmutants typically involve the addition
of material at a non-termnal point in the polypeptide. Substitutional
variants typically involve the exchand®-of one am no acid for another at
one or nore sites within the polypeptide, and may be designed to nodul ate
one or nore properties of the pol ypeptide, such as stability agai nst
proteolytic cl eavage, preferably wthout the | oss (or substantial |oss) of
ot her functions or properties. Substitutions of this kind preferably are
conservative, that is, one amno acid is replaced with one of simlar shape
and charge. Cbnservatlve substltutlons are mell knomn |n the art and
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[0160] In certain enbodi nents, the invention enconpasses isol ated peptides

that conprise 1, 2, 3, 4, 5, 6, 7, 8 9, or 10 or nore amno acid

nodi fi catWone12(i863$0, i nsertion, substitution, deletion, PEF@TROMOIMBI ve to

an am no acid sequence disclosed herein. In preferred enbodi nents, the

mut ation(s) are made such that biological activity of the particular

pol ypeptide is retained or substantially retained. For exanple, the present

i nventi on enconpasses pol ypeptides isolated from bacteri ophage F387/08,

F391/ 08, F394/08, F488/08, F510/ 068, F44/ 10, and/or F125/10, which are

mut at ed 8, 1 r 3N OHaci d

nodi fi cgl%f%(r)l%@g?d th% fp\]f%l %lvaélncugtﬁ%ngoNg% géahaghj%lfnl &lggblﬁgr3§$22-fﬁzg?§QMi ch

exhi bi t 220@) bacterial activity against one or nore species or strains of

G am po Sy : t.ae, A

baumann ﬁio%h]éﬁle%ﬂlﬁlg&&gﬂgﬁé \}6%8 ?gfotsﬁéd d;'?ﬂrgep%m%er 16a9@d 11 \E\ﬂtlglﬁlggﬁﬁrfggﬁtaf

enbodi nmaatsd attthrqungﬂsyrpoﬂdmgaQrmﬁstdﬂeéistarand:hsbmn,d@rerdbeni ABOMA Y28 Seotlidd or

F391/08 ant | MCHO it

killing <P Ehe pr"V‘sé"“ﬁsf{hsfﬂ“F exiihes ¥ g Rk 9”‘8 i) Kok e Pkt e204) 03

agai nst oﬂmndr@mgdmsﬁns fdnabaﬁnpmm odeitaﬁé’rcdaedurvetBuﬂapzmﬁéa&m@Bd thgNCIMB las | east
E. coli; %%Fderl ved fr 10/ 08. a a st at 1|l east f’ aerueg) nosa, and

Chose b IEpEhtE ieseandah RETMB assyioR Jimbrs of follqvanshost it FHdgenons o

POLYNUCL&48i2 b33 3BNCED) N@MYH@TM@ES&QPSEEW!MW&NE&;% 83166 B1,TheINBVent i on

provi de | ynucl eot i onpr|5|n cl eoti d codi n

pol ypep?]%g' cyﬁ‘PStt FEAIR ?f‘”’ '\éﬁ’é’” ’f‘f’\’/erlu?qgé% §3 %@Wr@ﬁ% g)se”(‘j]"mg”as
pol yn UCb@Qﬁzh&k@%h&%@ﬁFWbe rNdIMB 4ug6E T, Acihbﬁba&érryanﬂ@nﬁzypha dF X5 NCIMB or
| ower stringenc zation condi tions i ned supra,

pol ynucH EA96T Saearkccds auce Phsssol yaap: NGB B4t Swalerate aie Aiae encode

nodi fi 994479(1 WNREIRAB dess7t Bﬁd PE@M@m&J&E IabhRlHoSa BRYZE B15 10D NCIMB 49888 all of
activi ty 0162] The ﬁ ynuc eotides may be obtained, and the nucl eot i de

sequenc®his ateﬁ@aoﬂlﬂr%} rgfstangelereiBt er mi ned, by any nethod known in the art.

For exapgpie) maeRBh¥ebeliRRhisOfe %@&%pﬂggeaofﬂﬁé Yer‘éﬂtﬁdnd&nR)frlsésnﬁ doRM&NLE N may
be generated fromnucleic acid froma suitable source (e /q bact eri ophage

F387/ 08genpgg havigg a sgmanagadentitygd/appast B§%0 P98, 954 H6%0 37%n % or ftiloast 9375 .
Nucl eot kvﬂﬁt}%%%‘l@ﬁ%@nﬁ sga@én&%fsgell hes 1 sgglg*}@@ez YEAAFRNO LY SEBUDING: 478t hods

known in the art (see, son, W t I bacteri ophage: ¢ommon
t echni q8EQ IBRMD: rﬁéﬂlﬂﬁ@%@i@éfil @pﬁE@éEH& 10714mh19¢ub2tc@r10dnée @mﬂatwteleﬁ?dze

(Eds) B&?Jlﬂéloggﬁ%gﬁw Eg ?ﬂ%l%glam&lﬁﬁwrﬁpﬁnv% Ha%ediytlc m a@éﬁtgé‘ 905)
Incorporate erern i/ éference In its ent CeC itaining a
nucl ei comc pdmerec ol bavtgriaphpge tE%UD&rH%JWpE@&WQBe E5$0/ﬂ&tF$8\7éﬂi81 Hb4410,7od t he

ani no aﬂ%I IZ)S q%fﬁé}ﬁzﬁlv?l& & t}lf a%ﬁ ot %t l;agt%n(g)ghaég1 §t {hg Y%Bh&nmhf hmoav@enoﬁle nucl ei c

acid enco e polypepti
comprising a functional fragment of the nuclelc acid sequence of SEQ ID NO: 1, SEQ ID NO: 2,

SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO: 560, SEQ ID NO: 781, or SEQ ID NO: 1074,
including the sequences of any of the open reading frames described in FIGS. 2, 4, 6, 8, 10, 12,
and/or 14.

[0086] The invention also provides for isolated bacteria infected with one or more of the
bacteriophage of the invention. In certain embodiments, the invention provides isolated K.
pneumoniae infected with a bacteriophage having a genome comprising or consisting of the
nucleic acid sequence of SEQ ID NO: 1 and/or SEQ ID NO: 781. In certain embodiments, the
invention provides isolated 4. baumannii infected with a bacteriophage having a genome
comprising or consisting of the nucleic acid sequence of SEQ ID NO: 2. In certain

embodiments, the invention provides isolated E. coli infected with a bacteriophage having a
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chem cally synthesized and cloned into replicable cloning vectors using any
met hod well known in the art. [0163] Once the nucl eotide sequence of the
pol ypept WO 2012/368801 nventi on i s determ ned, the nucl eot Pa&/PIaejuepwal of t he
pol ypepti de may be mani pul ated usi ng nethods well known in the art for the
mani pul ati on of nucl eoti de sequences, e.g., reconbi nant DNA techni ques,
site directed nutagenesis, PCR etc. (see, for exanple, the techni ques
descri bed in Sanbrook et al., 1990, Mol ecular Coning, A Laboratory Mnual,
2d Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Ausubel
et al. r r ot o] y &
o2 e B CSOLRTaLAERLS T BB oI JONc e

ent i r et iegpdimentsgtheeinaensiop airgyidest iseleted Hévtienlgg"apsd iinfeeted rtitha pri baeterienhgge
sequenc r opsy, and/ or
maer T O B R e B D 0 e al™ng one
or nor e cERHs eobodimguts.cthe MventjongproBdeslifglatéd S. aureusl Anfegted pithai tdetdriophages one

oo TSk SO R RS 02 A SN 3

prOV|dedmdMMEE@IDmﬁ)ua%4ant fragnent or derivative exhibits antibacteria

or anti tivit I Ny ;agti Vit one or
nore st ﬁgﬁi qh? ‘nKe ek r?oVYdeé?or e(t)l}(’d%x (Fm%maa a|lsr?s lof‘ﬁ %) 151a aV“"eg havi ng
a genona gacme canpr3ingror cansitisg ofufe aficldi ecidsuguaice cASEQ IEGNQteIn GEQSBQI(DD NO 1

exanple.> SERAOH SERUBDNGTE SR o Fhy SR TRk o EPatCol ol st i ng

of the rwﬁ&leiermbaair&neewememSE@rdnﬁndyGor 2; mathdd @f REhicingtandioe iwilatigre

strains of E. colt,. for exa ai nst the bacteriaophage haV|n enone
conpri sﬂ’t‘l‘&e%‘?phﬁ%f:nléﬁvg‘ﬁlarﬁj“%?‘gﬁﬁ C‘Wi‘fg 185 ¥ qeys ggﬁ‘ﬁé‘ﬁ“é‘é'ggﬁ STHNG ° §%legai nst
one or NDIROSH raal/es SBY 1B Naerrsgicoapsing QF owXiaig! Lcul@@adiEt phebRoniae, (ii)

bacterlophage havi ng a genone conpri sing or conS|st|n§10f t he n cleic acid

sequencdntegtie i ipihe bacterinphage hayine 4 SEnQURfcogiPrislys QT eqnsisfingsofdhe mc éﬁﬁ“é’us for

exanpl e, se@@adSSEQD Rach ahiepheganhay 781; @i gaans: @rﬂmﬁfghﬂ“bm 1f3fs ARSI stl ng
of the nd%?elc a§¥g sequence SEQ I D NO 560 or SEQ ID NOQ 1074.

RECOVBI Nalpre sgbrgress): end @p initingiromsthepulmgthe Reatetiopbsgel dnefbsr e@?@@‘“‘énﬁucl e| c

aci d Secih@ﬂﬁ/@ﬂtﬁ)ﬂ?@hﬂ& Rr Moh&ard f ?]fodﬁchﬁ‘g bR &NEH1Qhe( £ bﬁbterlo?hz%@' BARRRtd de)
has been obt ai ne t he vector for roduction o ecul es nay be

pr oduc e engme BelAPBIPREFHOr ERBAIStS ﬁbfrdw@w agi %ﬁ@um%ﬁrﬁ%&N\%mcoww @h the
art. MetdgoelsndMichitur@lof 4VBhdmdsNEG) tleeédag%ewﬁk ithd @Rtehepﬂage hi¥ibhg §¥endde Used
to construct _eXpression vectors contal ni ng the codi ng sequences for the
nol ecul esmpfisinher ronsising ehthgmyclgispicsbeaninse of RS PO: BabiiD) gwgring until

trans! atyafl P8 6 he éﬁl&?@is%bsﬁ{]k SEndTRH R f@%ng %mq@culfuperth%@emloshagen vitro
reconbi nant n| ques synt I c teéechni ques, In vivo genetl C

r econbi Aarsiilbathe( Se@dlmms é)carrrﬁneon piesidesfoh aimplieos! Qf@S@rUPlb@@nd/W isatedok et

al., 19 » g

o bor - LAREHEEN Ol 2 ALA0 taf b SARRESS Rk HEBERE nucifle Fita sodiehd] SPRECHS,

Curr ent IDrI’eS@o&@bmpmmng\b) ebzmlhmg aBjudthspf | E. &ohn(nWﬂfe(ym&ltSmﬂs the Npyterigpha o] The
present 4 ”l‘ﬂg%t L0 ﬂ?ﬁ ¥R ?s%ng%f‘{ﬁ’e%&&éc% ﬁOS%hlmag Jlﬁ%d%pépdes of

t he |nven¥ n ex Fes3ion vect f |de Sequence of a
nol ecul eulmmgtunhl agmﬁg/ant l)els mﬁtﬁwuihumfis oﬁserved)\aed\(wbmolamrg ﬂn@nttheauukﬁrenlmad to a
host ceII onventi.on tech u e ectr.o ratl i pes

Pans ecergiorha bR ancE SRRERs 1% HronyiSh FELIIEORE EhricBly of LBARS

cel | s araadohrolating 4 bz[o&ﬂlobblage(hWEglhlgMG th&chmprises or tmlsprsaxﬂtﬂ(eemtclee: avel ecul es

of the inventi eferre r than the
Speer os Bveparstira b Rk itambhsify OF ShiiFing s g 75 prriinesge i Siing g b
sequenceyitahe G@EdrMplﬁhge hivisgeganbing c gmembxss;snh@ ef th¥ piickdSacidiseqbiench ef
nDIecuIe nstltutlv uci bl e or

a tissue %%% ‘ir.’;%‘(t’)‘ggr‘lmst‘ll %‘g "ﬁl i ?ysé Hﬁoﬂﬁﬂrﬁﬁf bseiyg é&&%?@iﬁ? 88 ect or

is pQE- 3Qm{@kagﬁm3ﬂ@baaéﬂwﬂﬂ$a) (Novagen). [0167] The host cells used to
express the nolecules identified by the nethods of the invention may be

either bacterial cells (preferably non susceptible to the bacteriophage
protein or variant, derivative, or fragnent thereof of the invention). A
vari ety of host-expression vector sysBéms may be utilized to express the
nol ecul es identified by the nethods of the invention. Such host-expression
systens represent vehicles by which the codi ng sequences of the nol ecul es
of the invention may be produced and subsequently purified, but also
represent cells which may, when transforned or transfected with the
appropriate nucl eoti de coding sequences, express the nolecul es of the
|nvent|on in situ. These |nclude but are not Ilnlted to nlcroorganlsns

T e L, o Y T . .



[0168] In bacterial systenms not susceptible to the bacteriophage protein or
variant, derivative, or fragnent thereof of the invention, a nunber of
expr essi oNOZeYB36B0may be advant ageously sel ect ed depen®ChHFTepaM00BE use

i ntended for the nol ecul e being expressed. For exanple, when a |arge
gquantity of such a protein is to be produced, for the generation of

phar maceuti cal conpositions of a polypeptide, vectors which direct the
expression of high levels of fusion protein products that are readily
purified nmay be desirable. Such vectors include, but are not limted, to
the E. ¢aiss) BrRE RFfuRRer\BHbAMeRIIRRY BivédReh BEIvIRS fdla- mettloatt? prdalyBiky dnd/ek: 1791)
in which the protein sequence may be |igated. |nd|V|duaII¥ into the vector

i n framisolgting & hastarigehage deinag eegimsnthalo cornerisen of senwivss BF dheen¥rleis apidoduced;
pIN v eCtsa{uénc(e'o?@ﬁmngNd)ﬂ%ayﬁd/oi@ﬁ%]lml Rj74 céﬁbﬁﬁn obtélﬁng%%n&égps Van
Heeke & Schust er . em 24:5503-55 ; GEX
vect or s anrgys, Alisiofegng it with s kaxisrienfgd havanggmeqpoiny petppmmorap@nslsjmg@ﬁ th;@r ot ei ns
with gl i.Qpe f g r ns are
R S A e Dl A el e

bi ndi ng sigoifigantdisisiof tlglcuttla“e mem@gath(@é lsbv@aldg frbmlthmzétdrebbre @Icutlplchagq: n the
presenc . - n h r ude
i onoi 300ap! PASGioBh4 Fud The Moee Bl Bacl ) 36T ol Sl IREfod Besbiiia 1
gene pr d)ehqmtor(kaowmm thedreased.2f, ICtarlsdnhéW@fRTngrmntlebaptenpphb@@]commoarnechrqu_mst
system .AHLogeaRHa iy LB RUL SR sRAEA BSOSl o LOTHEND, fs used

as a ved
Spodopt arpahcfamugi@ e EROSES (2(50!5)3 1rp:ofpppm¢altheﬁhm b}Otéfdﬂ@cSBﬁU;&ﬂﬁetyr).‘ay be cl oned

e oY TROGR GG SRR i tReso R SO el istialst cpOR A e op e S ey

Er omt;t eﬁﬁvenuc{n?ﬂl)me] ls@}a.eea polypebtides [ reayobe ﬁhEldngMeEHc:ceﬁﬂ%l(age @rqtelﬁmbl}/ﬂﬁgtbﬁdes)

as been reconbi nant resse urifie nown in
the art BB Ro PR OT GRr B Viory e ptar BEg g P Ui S hec e Siapy
(e.g., lvﬁxrhneaslcabaﬂwev,e eaiuut At feYst 08 BioRlgZhNgEtiv) AMELIAET VR He Baabiophage or
centrlfugatlon differential solubility, or by any other standard techni que

for thePBUPSPEAe omarhighit [ssietiprsntin a@?"b?m‘éﬂﬁif%% F‘ESPOIYPGI?M‘ET ofcths fnyprfion

nodi fi cafel RElatedMidn PRIBYSIBOESSNOS br PSTILO8 K%lém%ﬁzaﬁ)kiﬂféc@(k ipRedriiRs,t upon
a readlng?of t he foregoing description be understood that al

e i, e b et et o s bRt dsoBmed E1EE 08 s e Fios b Infods ke

of concugsem%c@ﬂslphagaﬁﬁl@rds étvmcpltst i@ANE il QPR deYughdsd) I bhd&ichhaReE4af10t he
following clainms, 7. })é t is understood that the follow ng

exanple§rﬁﬁﬁﬂ@ﬁﬁb&hﬁﬁﬁﬁgyuﬁ§§r peduderein are for illustrative purposes
only an‘f'()(blﬂfo éb@élh?%ﬁbgﬁq{eﬂt’s Caki RRDeRde CSTRI GRvehtion lsg:i“iyshuh{%&gféa i} b b€

suggestive per sons in the art and are to be’inc ed wthin the
spirit émermuhageéw@g a gériome apippilideg dreansitids PHSEQ B PK:df SERIDAYpEndEQ

cl ai ms. W@E@gﬁ%@‘ Eétﬁﬂq%) s%‘dsﬂ?‘nﬁ'ﬁoa%' f@fzbq 6! {6r (g? ein are

her eby |ncor ora erence in t’he entiret urpos [0173]
Unl ess badﬁ@mnh@e Fﬁﬂﬂ%é’ﬁ%% tF488/6% a0/ PH d9ade, Iiﬁf87'toﬁeorlﬁi%’rh@ irespectyrly).

i solate t oll o 7.1.1
PURI FI oi“rf‘%ﬂ%%ﬁ&@“‘?n@%f e q'dg%? ?%ﬁ%?% 1,5'8 hsspgffnbaé’f \glr‘ r‘]’gd‘ﬂ%‘ggﬁd Bl 2 ed
from cl ilyrslmhavumhpammowd eeqnple:papmdrlmg:@rcaangof PEQUIDAND:200sQ I DY i n
Carl son h : q&g@@ %@ﬁ ogi cal
approacﬁés ﬁi w%%gpaén aksgﬁﬁgze ( 3 § Q@?@?S%ﬁ hag ﬁ?ﬁ% sgéy and
Appl i caSEQ®, N6t 508 8EQIRANEY wé ¢rXHET5)D NOCA 26 ks oPredicted Gorcparsalf sdd hainsi N by
refer encn%luldg tlo} gxaemrf)ﬁe aneltgyl}ke virion protein (SEQ ID NO: 20), cell wall hydrdolase (SEQ ID

NO: 80), endolysin; N-acetylmuramoyl-L-alanine amidase (SEQ ID NO: 192), soluble lysozyme

(SEQ ID NO: 282), T4-like lysozyme (SEQ ID NO: 547), endolysin (SEQ ID NO: 556), lambda
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[0175] The bacteri ophage stock preparations were concentrated by
precipitation with PEG according to the protocol described in Carlson and
Yamanot o W0 2812/03653004, PNAS 101: 6415- 6420. Briefly, th&C3pgex1fpp@phr ati on
was incubated in 1 MNaC for one hour at 4C with agitation. Next, PEG 8000
(Appli Chem Cheshire, MA) was gradually added to a final concentration of
10% (W v). The conposition was then incubated overnight at 4C. After the

i ncubation period, the conposition was centrifuged at 10000 x g for 30

m nutes at 4C. The sedi nent was then re-suspended in SM buffer (0.05 M

Tris- HC'Rz%t 1k9 rZre‘h (%IIM 1%60557)1Qn56}§su|\’?§%m)1D"‘N61 9 TLateh&bl?sEn 8oV ip and

centri fuge arn a m at” 4C nut es e super nat ant
cont ai nlN@;lﬂﬁé @d%@mﬁ@éﬁﬁ%%@%@ﬁliaved for further purification. The

supern at{@({%}_%fth&ﬁéﬁﬁob%n&ﬂh@ gso ?ﬁpg%tﬁlg' of Me i ee&ﬂsrgl rﬁgfra:%: theht) Garitt Hods i n

Carl son was renove urifi entrated phage
st ock bydedvaivy gifsan mckdlyainysn b'smenbia@chefron(:@l bagteSephaigd ofii the iGienidi, Rdddner at ed

Cel | ul 0%8 Tlé'x?t”' grlanlvg Jrﬁ‘?nt?ve &ﬁlbltgl Qst 0 K%’iogﬁ%[]gcq%rlt}éll‘f§é2erab%%tlf’a[c?epgf ed

accordlng{n FUrer ST AstT uctt ons SI'S a first
i ncubat |aomv1tyf (e%Q lmmkliﬂe@ acnivit)Dofritle Eniddy HClyemdr Sadwklamige(fpim whith iats 4C.

Thi s was I sec i ncub tion nut es Q0 HC1
and 0.3'W %&JCEV\%BW% 4% 8‘3%}" eramdl anlelrlngrgs’t glg‘l’fguon B%HIdeg%O}téveZ
renoved pfory@apttdhe thahher fraymeafs, vorandi @l qealvanvbagf a:ndl;smsroedysmts 1écﬂatec7 fidom2
EXTRACTI.ON OF DNA [ 0177 the pur.ified cenirated
bact eri 5’6ﬁ8r¢‘§’h§ |t gL o high %ﬁglﬂ?\ﬂtﬁiﬁ%nﬁ or fgriaAttyes @%&’ 8 C%fo {%rl y) and
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genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 2. In yet still other
embodiments, the polypeptide of the invention comprises or consists of the amino acid sequence
SEQ ID NO: 282, or a fragment, variant or derivative thereof, which polypeptide exhibits
antibacterial or antimicrobial activity against one or more strains of E. coli, e.g., against the
bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ ID
NO: 3. In yet still other embodiments, the polypeptide of the invention comprises or consists of
the amino acid sequence SEQ ID NO: 547, SEQ ID NO: 556, SEQ ID NO: 557, or a fragment,
variant or derivative thereof, which polypeptide exhibits antibacterial or antimicrobial activity

against one or more strains of P. aeruginosa, e.g., against the bacteriophage having a genome
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(see, e.g., Rigden et al., 2003, Trends Biochem. Sci. 28:230-234; Bateman et al., 2003, Trends

Biochem. Sci. 28:234-237, each of which is incorporated by reference herein in its entirety). In

specific embodiments, the polypeptide of the invention comprises or consists of a CHAP domain

isolated from a polypeptide having an amino acid sequence of SEQ ID NO: 20, SEQ ID NO: 80,

SEQ ID NO: 192, SEQ ID NO: 282, SEQ ID NO: 547, SEQ ID NO: 556, SEQ ID NO: 557, SEQ

ID NO: 598, SEQ ID NO: 1216, or SEQ ID NO: 1261. In other embodiments the invention

provides for a fragment, variant or derivative of a CHAP domain of isolated from an endolysin

or lysin of bacteriophage bacteriophage F387/08, F391/08, F394/08, F488/08, F510/08, F44/10,

F125/10, which fragment, variant, or derivative exhibits at least one biological activity, e.g., lytic

cell killing, of the CHAP domain from which it was derived.

[0094] In certain embodiments, a polypeptide of the invention comprises or consists of a tail

protein (e.g., tail component, tail fiber protein, adsorption associated tail protein, tail length tape

measure protein, baseplate wedge subunit), or fragment, variant, or derivative thereof, isolated

from a bacteriophage having a genome comprising or consisting of SEQ ID NO: 1, SEQ ID NO:

2, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO: 560, SEQ ID NO: 781, or SEQ ID NO: 1074

(e.g., bacteriophage F391/08, F394/08, F488/08, F510/08, F44/10, F387/08, or F125/10
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respectively), wherein the tail protein, or fragment, variant, or derivative thereof has a biological
function associated with the bacteriophage from which it is derived, e.g., antimicrobial or
antibacterial activity (e.g., lytic killing activity). In specific embodiments, the antimicrobial or
antibacterial activity of the tail protein is directed against at least one or more species or strains
of K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and S. aureus. In specific embodiments,
the polypeptide of the invention is a tail protein having the amino acid sequence comprising or
consisting of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs:
32-35, SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO:
231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO:
249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ
ID NO: 544, SEQ ID NO: 545, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629; SEQ ID
NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ
ID NOs: 999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID
NO: 1250, or SEQ ID NO: 1266. In other embodiments, the isolated polypeptide of the
invention is a fragment, variant or derivative of the amino acid sequence of SEQ ID NO: 15,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ ID NO: 180, SEQ
ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID
NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID
NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545,
SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629; SEQ ID NO: 686, SEQ ID NO: 789, SEQ
ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs:
1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250, or SEQ ID NO: 1266,
which fragment, variant, or derivative exhibits at least one biological activity or function of the
bacteriophage from which it is isolated or derived, e.g., antimicrobial or antibacterial activity
(e.g., lytic killing activity). In preferred embodiments, the at least one biological activity or
function of the fragment, variant or derivative is directed against one or more strains of K.

pneumoniae, A. baumannii, E. coli, P. aeruginosa, and S. aureus.

[0095] Predicted functions of said tail proteins include, for example a receptor-binding tail
protein (SEQ ID NO: 15), major tail protein (SEQ ID NO: 26), minor tail protein (SEQ ID NO:
27), pore-forming tail tip protein (SEQ ID NO: 30), tail protein (SEQ ID NOs: 32-33), minor tail
protein (SEQ ID NO: 34), phage tail protein (SEQ ID NO: 35), tail sheath protein (SEQ ID NO:
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180), tail tape measure protein (SEQ ID NO: 183), tail protein (SEQ ID NO: 185), tail-fiber
protein (SEQ ID NO: 190), tail tube protein (SEQ ID NO: 231), tail sheath monomer (SEQ ID
NO: 232), tail sheath stabilizer and completion protein (SEQ ID NO:235), short tail fibers (SEQ
ID NO: 239), base plate wedge completion tail pin (SEQ ID NOs: 240-241), base plate wedge
completion tail fiber socket (SEQ ID NO: 242), base plate wedge subunit (SEQ ID NO: 243),
base plate wedge initiator (SEQ ID NO: 244), base plate wedge (SEQ ID NO: 245), base plate
hub subunit and tail lysozyme, cell-puncturing device (SEQ ID NO: 248), base plate wedge
completion (SEQ ID NO: 249), tail completion and sheath stabilizer protein (SEQ ID NO: 252),
chaperone long and short tail fiber assembly (SEQ ID NO: 254), tail fiber protein (SEQ ID NO:
433), tail fiber protein (SEQ ID NO: 434), hinge connecter long tail fiber (SEQ ID NO: 435), tail
fiber hinge (SEQ ID NO: 436), proximal tail fiber subunit (SEQ ID NO: 437), base plate-tail
tube initiatior (SEQ ID NO: 489), base plate (SEQ ID NO: 490), baseplate hub subunit, tail
length determinator (SEQ ID NO: 491), base plate distal hub subunit (SEQ ID NO: 492), base
plate hub subunit (SEQ ID NO: 493), base plate hub assembly catalyst (SEQ ID NO: 494),
baseplate hub subunit (SEQ ID NO: 495), baseplate wedge subunit (SEQ ID NO: 496), tail
tubular protein (SEQ ID NOs: 544-545), tail fiber protein (SEQ ID NO: 549 and SEQ ID NO:
551), major tail sheath protein (SEQ ID NO: 629); major tail protein (SEQ ID NO: 686); tail tube
protein (SEQ ID NO: 789); fibritin (SEQ ID NO: 796); short tail fibers (SEQ ID NO: 797); base
plate wedge completion tail pin (SEQ ID NO: 798); base plate wedge subunit and tail pin (SEQ
ID NO: 799); baseplate wedge tail fiber connector (SEQ ID NO: 800); baseplate hub subunit and
lysozyme (SEQ ID NO: 806); lysozyme (SEQ ID NO: 854); holin (SEQ ID NO: 999); distal long
tail fiber assembly catalyst (SEQ ID NO: 1000); L-shaped tail fiber protein (SEQ ID NO: 1001);
hinge connector of long tail fiber distal connector (SEQ ID NO: 1002); hinge connector of long
tail fiber proximal connector (SEQ ID NO: 1003); long tail fiber proximal subnit (SEQ ID NO:
1004); baseplate tail tube initiator (SEQ ID NO: 1053); baseplate tail tube cap (SEQ ID NO:
1054); baseplate hub subunit, tail length determinator (SEQ ID NO: 1055); baseplate distal hub
subunit (SEQ ID NO: 1056); baseplate hub subunit (SEQ ID NOs: 1057 and 1059); baseplate
hub assemply catalyst (SEQ ID NO: 1058); baseplate wedge subunit (SEQ ID NO: 1060); major
tail protein (SEQ ID NO: 1077); holin (SEQ ID NO: 1217); major tail sheath protein (SEQ ID
NO: 1250); and baseplate protein (SEQ ID NO: 1266).
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[0096] In certain embodiments, the invention encompasses a variant, fragment or derivative of
the amino acid sequence of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30,
or SEQ ID NOs: 32-35, which exhibits a biological function associated with the bacteriophage
having a genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 1, e.g.,
antimicrobial or antibacterial activity (e.g., lytic killing activity), which function is directed
against one or more strains of K. pneumoniae. In certain embodiments, the invention
encompasses a variant, fragment or derivative of the amino acid sequence of SEQ ID NO: 789,
SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NCs: 999-1004, or SEQ ID
NOs: 1053-1060, which exhibits a Biological function associated with the bacteriophage having a
genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 781, e.g,
antimicrobial or antibacterial activity (e.g., lytic killing activity), which function is directed
against one or more strains of K. pneumoniae. In other embodiments, the invention encompasses
a variant, fragment or derivative of the amino acid sequence of SEQ ID NO: 180, SEQ ID NO:
183, SEQ ID NO: 185, or SEQ ID NO: 190, which exhibits a biological function associated with
the bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ
ID NO: 2, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity), which function
is directed against one or more strains of A. baumannii.

[0097] In certain embodiments, the invention encompasses a variant, fragment or derivative of
the amino acid sequence of SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs:
239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID
NOs: 433-437, SEQ ID NOs: 489-495, or SEQ ID NO: 496, which exhibits a biological function
associated with the bacteriophage having a genome comprising or consisting of the nucleic acid
sequence SEQ ID NO: 3, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity),
which function is directed against one or more strains of E. coli. In certain embodiments, the
invention encompasses a variant, fragment or derivative of the amino acid sequence of SEQ ID
NO: 544, SEQ ID NO: 545, SEQ ID NO: 549, or SEQ ID NO: 551, which exhibits a biological
function associated with the bacteriophage having a genome comprising or consisting of the
nucleic acid sequence SEQ ID NO: 4, e.g., antimicrobial or antibacterial activity (e.g., lytic
killing activity), which function is directed against one or more strains of P. aeruginosa. In
certain embodiments, the invention encompasses a variant, fragment or derivative of the amino

acid sequence of SEQ ID NO: 629 or SEQ ID NO: 686, which exhibits a biological function
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associated with the bacteriophage having a genome comprising or consisting of the nucleic acid
sequence SEQ ID NO: 560, e.g., antimicrobial or antibacterial activity (e.g., lytic killing
activity), which function is directed against one or more strains of S. aureus. In certain
embodiments, the invention encompasses a variant, fragment or derivative of the amino acid
sequence of SEQ ID NO: 1077, SEQ ID NO: 1216, SEQ ID NO: 1217, SEQ ID NO: 1250, SEQ
ID NO: 1261, or SEQ ID NO: 1266, which exhibits a biological function associated with the
bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ ID
NO: 1074, e.g., antimicrobial or antibacterial activity (e.g., lytic killing activity), which function
is directed against one or more strains of S. aureus.

[0098] In certain embodiments, the isolated polypeptide of the invention is a variant of a
bacteriophage polypeptide, which variant comprises or consists of a amino acid sequence having
at least 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or greater sequence identity to a second amino acid sequence of the
same length (i.e., consisting of the same number of residues), which second amino acid sequence
is SEQ ID NO: 15, SEQ ID NO: 20, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID
NOs: 32-35, SEQ ID NO: 80, SEQ ID NO: 180, SEQ ID NO:‘ 183, SEQ ID NO: 185, SEQ ID
NO: 190, SEQ ID NO: 192, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs:
239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NO:
282, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545, SEQ
ID NO: 547, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 556, SEQ ID NO: 557, SEQ ID
NO: 598, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ
ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO:
1077, SEQ ID NO: 1216, SEQ ID NO: 1217, SEQ ID NO: 1250, SEQ ID NO: 1261, SEQ ID
NO: 1266 and/or a fragment thereof, and wherein the variant exhibits at least one biological
function or activity of the bacteriophage from which it was derived (e.g., antimicrobial or
antibacterial activity (e.g., lytic killing activity)) against one or more strains of bacteria, e.g.,
Gram-positive bacteria (e.g., S. aureus), Gram-negative bacteria (e.g., K pneumoniae, A
baumannii, E. coli, P. aeruginosa) or bacteria not classified as either Gram-positive or Gram-
negative.

[0099] In certain embodiments, the invention provides an isolated polypeptide having an amino
acid sequence of any of SEQ ID NOs: 5-176, SEQ ID NOs: 177-223, SEQ ID NOs: 224-506,
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conjugations) to therapeutic agents, e.g., heterologous polypeptides or small molecules, to
generate fusion proteins or chimeric polypeptides. The fusion does not necessarily need to be
direct, but may occur through linker sequences or through chemical conjugation. Non-limiting
examples of therapeutic agents to which the polypeptides of the invention may be conjugated are
peptide or non-peptide cytotoxins (including antimicrobials and/or antibiotics), tracer/marker
molecules (e.g., radionuclides and fluorphores) and other antibiotic or antibacterial compounds

known in the art.

6.2  ANTIBIOTIC COMPOSITIONS
[00102] The isolated bacteriophage or polypeptides of the present invention may be
administered alone or incorporated into a pharmaceutical composition for the use in treatment or
prophylaxis of bacterial infections, e.g., infections caused by bacteria including, but not limited
to, K. pneumoniae, A. baumannii, E. coli, P. aeruginosa and S. aureus. The polypeptides may be
combined with a pharmaceutically acceptable carrier, excipient, or stabilizer. Examples of
pharmaceutically acceptable carriers, excipients and stabilizers include, but are not limited to,
buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid;
low molecular weight polypeptides; proteins, such as serum albumin and gelatin; hydrophilic

polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
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arginine or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or
sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants such as
TWEENT, polyethylene glycol (PEG), and PLURONICS™., The pharmaceutical compositions
of the present invention (e.g., antibacterial compositions) can also include a lubricant, a wetting
agent, a sweetener, a flavoring agent, an emulsifier, a suspending agent, and a preservative, e.g.,
in addition to the above ingredients.

[00103] The bacteriophage and/or polypeptides of the present invention may also be
combined with one or more therapeutic and/or prophylactic agents useful for the treatment of
bacterial infection as described herein and/or known in the art (e.g. one or more lysins). The
pharmaceutical compositions of the invention may therefore comprise two or more isolated
bacteriophage of the invention (with antibacterial activity against the same or different bacterial
species or strains), the combination of a bacteriophage and a polypeptide of the invention or the
combination of a bacteriophage and/or polypeptide of the invention and a bacteriophage and/or
polypeptide known in the art. In specific embodiments, the therapeutic components of a
combination target two or more species or strains of bacteria or exhibit differing enzymatic
activity. For example, lysins in general exhibit one of amidase, endopeptidase, muramidase or
glucosamidase activity. Accordingly, the combination of lysins exhibiting different activities
may provide synergistic enhancement to the therapeutic activity of the pharmaceutical
composition of the invention.

[00104] In some embodiments, a number of different bacteriophage are combined to
provide a “phage cocktail.” In some embodiments, the phage cocktail comprises at least 2
phage, at least 3 phage, at least 4 phage, at least 5 phage, at least 6 phage, at least 7 phage, at
least 8 phage, at least 9 phage, at least 10 phage, or more. In some embodiments, the phage
cocktail comprises 2-20 phage, 2-15 phage, 2-10 phage, 3-8 phage, or 4-6 phage.

[00105] In some embodiements, at least one phage of the cocktail is a phage with
antibcateial activity against at least one Gram-negative bacteria, including but not limited to
Klebsiella pneumoniae, Acinetobacter baumannii, Escherichia coli, and Pseudomonas
aeruginosa; and/or against at least one Gram-positive bacteria including but not limited to
Staphylococcus aureus. In certain embodiments, at least one phage of the cocktail is F391/08,

having a genome comprising the nucleic acid sequence of SEQ ID NO:1 and exhibiting
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antibacterial activity against one or more strains of Klebsiella pneumoniae. In certain
embodiments, at least one phage of the cocktail is F394/08, having a genome comprising the
nucleic acid sequence of SEQ ID NO:2 and exhibiting antibacterial activity against one or more
strains of Acinetobacter baumannii. In certain embodiments, at least one phage of the cocktail is
F488/08, having a genome comprising the nucleic acid sequence of SEQ ID NO:3 and exhibiting
antibacterial activity against one or more strains of Escherichia coli. In certain embodiments, at
least one phage of the cocktail is F510/08, having a genome comprising the nucleic acid
sequence of SEQ ID NO:4 and exhibiting antibacterial activity against one or more strains of
Pseudomonas aeruginosa. In certain embodiments, at least one phage of the cocktail is F44/10,
having a genome comprising the nucleic acid sequence of SEQ ID NO:560 and exhibiting
antibacterial activity against one or more strains of Staphylococcus aureus. In certain
embodiments, at least one phage of the cocktail is F387/08, having a genome comprising the
nucleic acid sequence of SEQ ID NO:781 and exhibiting antibacterial activity against one or
more strains of Klebsiella pneumoniae. In certain embodiments, at least one phage of the
cocktail is F125/10, having a genome comprising the nucleic acid sequence of SEQ ID NO:1074
and exhibiting antibacterial activity against one or more strains of Staphylococcus aureus.
[00106] In certain embodiments, at least one phage of the cocktail is F170/08, having a
genome as disclosed in WO 2010/090542, and exhibiting antibacterial activity against one or
more strains of Enterococcus faecalis or faecium. In certain embodiments, at least one phage of
the cocktail is F168/08, having a genome as disclosed in WO 2010/090542, and exhibiting
antibacterial activity against one or more strains of Enterococcus faecalis or faecium. In certain
embodiments, at least one phage of the cocktail is F770/05, having a genome as disclosed in WO
2010/090542, and exhibiting antibacterial activity against one or more strains of Pseudomonas
aeruginos. In certain embodiments, at least one phage of the cocktail is F1245/05, having a
genome as disclosed in WO 2010/090542, and exhibiting antibacterial activity against one or
more strains of Acinetobacter baumannii.

[00107] In some preferred embodiments, the cocktail comprises a phage having biological
activity against Acinetobacter. For example, the cocktail may comprise F394/08 and/or
F1245/05, exhibiting antibacterial activity against one or more strains of Acinetobacter
baumannii. In certain embodiments, the phage cocktail comprises at least one phage exhibiting

antibacterial activity against one or more strains of Acinetobacter baumannii and at least one
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phage exhibiting antibacterial activity against a different bacteria. For example, in some
embodiments, the phage cocktail comprises F394/08 and/or F1245/05 in combination with at
least one other phage selected from F391/08, F488/08, F510/08, F44/10, F387/08, F170/08,
F168/08, F770/05, and F125/10. In certain embodiments, the phage cocktail comprises at least
one phage exhibiting antibacterial activity against one or more strains Klebsiella pneumoniae and
at least one phage exhibiting antibacterial activity against a different bacteria. For example, in
some embodiments, the phage cocktail comprises F391/08 and/or F387/08 in combination with
at least one other phage selected from F394/08, F488/08, F510/08, F44/10, F1245/05, F170/08,
F168/08, F770/05, and F125/10. In certain embodiments, the phage cocktail comprises at least
one phage exhibiting antibacterial activity against one or more strains of Escherichia coli and at
least one phage exhibiting antibacterial activity against a different bacteria. For example, in
some embodiments, the phage cocktail comprises F488/08 in combination with at least one other
phage selected from F391/08, F510/08, F44/10, F394/08, F387/08, F170/08, F168/08, F1245/05,
F770/05, and F125/10.
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[0108] In certain embodiments, the phage cocktail comprises at least one phage exhibiting
antibacterial activity against one or more strains of Pseudomonas aeruginosa and at least one
phage exhibiting antibacterial activity against a different bacteria. For example, in some
embodiments, the phage cocktail comprises F510/08 and/or F770/05 in combination with at least
one other phage selected from F391/08, F394/08, F488/08, F44/10, F387/08, F170/08, F168/08,
F1245/05, and F125/10. In certain embodiments, the phage cocktail comprises at least one
phage exhibiting antibacterial activity against one or more strains of Staphylococcus aureus and
at least one phage exhibiting antibacterial activity against a different bacteria. For example, in
some embodiments, the phage cocktail comprises F44/10 and/or F125/10 in combination with at
least one other phage selected from F391/08, F394/08, F488/08, F510/08, F387/08, F170/08,
F168/08, F770/05, and F1245/05. In certain embodiments, the phage cocktail comprises at least
one phage exhibiting antibacterial activity against one or more strains of Enterococcus faecalis
or faecium and at least one phage exhibiting antibacterial activity against a different bacteria.
For example, in some embodiments, the phage cocktail comprises F170/08 and/or F168/08 in
combination with at least one other phage selected from F391/08, F394/08, F488/08, F510/08,
F44/10, F387/08, F770/05, F1245/05, and F125/10.

[0109] In certain embodiments, the phage cocktail comprises at least four (4) phage selected
from the group consisting of F391/08, F394/08, F488/08, F510/08, F44/10, F387/08, F170/08,
F168/08, F770/05, F1245/05, and F125/10. In certain embodiments, the phage cocktail
comprises F391/08, F394/08, F488/08, and F510/08. In certain embodiments, the phage cocktail
comprises F44/10, F387/08, F170/08, and F168/08. In certain embodiments, the phage cocktail
comprises of F391/08, F394/08, F770/05, and F1245/05. In certain embodiments, the phage
cocktail comprises F391/08, F394/08, F510/08, and/or F44/10. In certain embodiments, the
phage cocktail comprises F391/08, F394/08, F44/10, and/or F387/08. In certain embodiments,
the phage cocktail comprises F391/08, F394/08, F387/08, and/or F170/08. In certain
embodiments, the phage cocktail comprises F391/08, F394/08, F170/08, and F168/08. In certain
embodiments, the phage cocktail comprises F391/08, F394/08, F168/08, and/or F770/05. In
certain embodiments, the phage cocktail comprises F391/08, F394/08, F770/05, and F1245/05.
[0110] In certain embodiments, the phage cocktail comprises F125/10, F391/08, F394/08, and
F488/08. In certain embodiments, the phage cocktail comprises F125/10, F394/08, F488/08, and
F510/08. In certain embodiments, the phage cocktail comprises F125/10, F488/08, F510/08, and
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F44/10. In certain embodiments, the phage cocktail comprises F125/10, F44/10, F387/08, and
F170/08. In certain embodiments, the phage cocktail comprises F125/10, F170/08, F168/08, and
F770/05. In certain embodiments, the phage cocktail comprises F125/10, F770/05, F1245/05,
and F391/08. In certain embodiments, the phage cocktail comprises F125/10, F510/08, F44/10,
F387/08. In certain embodiments, the phage cocktail comprises F125/10, F387/08, F170/08,
F168/08. In certain embodiments, the phage cocktail comprises F125/10, F168/08, F770/05, and
F1245/05. In certain embodiments, the phage cocktail comprises F125/10, F1245/05, F391/08,
and F394/08.

[0111] In certain embodiments, the phage cocktail comprises F394/08, F488/088, F510/08,
and/or F44/10. In certain embodiments, the phage cocktail comprises F394/08, F488/088,
F44/10, and/or F387/08. In certain embodiments, the phage cocktail comprises F394/08,
F488/088, F387/08, and/or F170/08. In certain embodiments, the phage cocktail comprises
F394/08, F488/088, F170/08, and/or F168/08. In certain embodiments, the phage cocktail
comprises F394/08, F488/088, F168/08 and/or F770/05. In certain embodiments, the phage
cocktail comprises F394/08, F488/088, FF770/05, and/or F1245/05. In certain embodiments, the
phage cocktail comprises F394/08, F488/088, F1245/05 and/or F391/08. In certain
embodiments, the phage cocktail comprises F488/08, F510/08, F44/10, and/or F387/08. In
certain embodiments, the phage cocktail comprises F488/08, F510/08, F387/08, and/or F170/08.
In certain embodiments, the phage cocktail comprises F488/08, F510/08, F170/08, and/or
F168/08. In certain embodiments, the phage cocktail comprises F488/08, F510/08, F168/08,
and/or F770/05. In certain embodiments, the phage cocktail comprises F488/08, F510/08,
F770/05, and/or F1245/05. In certain embodiments, the phage cocktail comprises F488/08,
F510/08, F1245/05, and/or F391/08. In certain embodiments, the phage cocktail comprises
F488/08, F510/08, F391/08, and/or F394/08.

[0112] In certain embodiments, the phage cocktail comprises F387/08, F170/08, F168/08, and/or
F770/05. In certain embodiments, the phage cocktail comprises F387/08, F170/08, F770/05,
and/or F1245/05. In certain embodiments, the phage cocktail comprises F387/08, F170/08,
F1245/05, and/or F391/08. In certain embodiments, the phage cocktail comprises F387/08,
F170/08, F391/08, and/or F394/08. In certain embodiments, the phage cocktail comprises
F387/08, F170/08, F394/08, and/or F488/08. In certain embodiments, the phage cocktail
comprises F387/08, F170/08, F488/08, and/or F510/08. In certain embodiments, the phage
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7.4 EXAVPLE 3: Bacteriophage F488/08 [0183] Conparison of the putative ORFs
of the bacteriophage F488/ 08 genone with the sequences in the NCB
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phag p
F770/05. In some embodiments, the phage cocktail comprises F510/08, F44/10, F770/05,
and/or F1245/05. In some embodiments, the phage cocktail comprises F510/08, F44/10,
F1245/05, and/or F391/08. In some embodiments, the phage cocktail comprises F510/08,
F44/10, F391/08, and/or F394/08. In some embodiments, the phage cocktail comprises F510/08,
F44/10, F394/08, and/or F488/08.
[0114] In some embodiments, the phage comprises F44/10, F387/08, F170/08, and/or F168/08.
In some embodiments, the phage comprises F44/10, F387/08, F168/08 and/or F770/05. In some
embodiments, the phage comprises F44/10, F387/08, F770/05, and/or F1245/05. In some
embodiments, the phage comprises F44/10, F387/08, F1245/05, and/or F391/08. In some
embodiments, the phage comprises F44/10, F387/08, F391/08, and/or F394/08. In some
embodiments, the phage comprises F44/10, F387/08, F394/08 and/or F488/08. In some
embodiments, the phage comprises F44/10, F387/08, F488/08 and/or F510/08.
[0115] In some embodiments, the phage cocktail composition may or may not involve phage

selected for increased in vivo half-life, e.g., as disclosed in US 5,688,501, the contents of which

are incorporated herein by reference.
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[0116] In some embodiments, the cocktail comprises one or more polypeptides isolated from one
or more phage, and/or a fragment, variant, or derivative thereof, in particular a polypeptide,
fragment, variant, or derivative thereof which has antibacterial or antimicrobial activity. In
some embodiments, the polypeptide, or fragment, variant, or derivative thereof comprises or
consists of a lysin (or fragment thereof, e.g., a CHAP domain) and/or a tail protein. In more
specific embodiments, the polypeptide corresponds to an isolated polypeptide, fragment, variant,
or derivative thereof, as described herein and/or in WO 2010/090542, the contents of which are
incorporated by reference herein. In some embodiments, the cocktail is administered in the
absence of an isolated polypeptide, such as in the absence of a lyase.

[0117] Other examples of other therapeutic agents that may be used in combination with the
polypeptide of the invention include, but are not limited to, standard antibiotic agents, anti-
inflammatory agents, antiviral agents, local anesthetic agents, and corticosteroids. In some
embodiments, the cocktail is administered in the absence of an antibiotic.

[0118] Standard antibiotics that may be used with pharmaceutical compositions comprising a
bacteriophage and/or polypeptide of the invention include, but are not limited to, amikacin,
gentamicin, kanamycin, neomycin, netilmicin, paromomycin, rhodostreptomycin, streptomycin,
tobramycin, apramycin, rifamyciﬁ, naphthomycin, mupirocin, geldanamycin, ansamitocin,
carbacephems, imipenem, - meropenem, ertapenem, faropenem, doripenem,
panipenem/betamipron, biapenem, PZ-601, cephalosporins, cefacetrile, cefadroxil, cefalexin,
cefaloglycin, cefalonium, cefaloridine, cefalotin, cefapirin, cefatrizine, cefazaflur, cefazedone,
cefazolin, cefradine, cefroxadine, ceftezole, cefaclor, cefonicid, cefprozil, cefuroxime,
cefuzonam, cefmetazole, cefotetan, cefoxitin, cefcapene, cefdaloxime, cefdinir, cefditoren,
cefetamet, cefixime, cefmenoxime, cefteram, ceftibuten, ceftiofur, ceftiolene, ceftizoxime,
ceftriaxone, cefoperazone, ceftazidime latamoxef, cefclidine, cefepime, cefluprenam, cefoselis,
cefozopran, cefpirome, cefquinome, flomoxef. ceftobiprole, azithromycin, clarithromycin,
dirithromycin, erythromycin, roxithromycin, aztreonam, pencillin and penicillin derivatives,
actinomycin, bacitracin, colistin, polymyxin B, cinoxacin, flumequine, nalidixic acid, oxolinic
acid, piromidic acide, pipemidic acid, rosoxacin, ciprofloxacin, enoxacin, fleroxacin,
lomefloxacin, nadifloxacin, norfloxacin, ofloxacin, pefloxacin, rufloxacin, balofloxacin,
gatifloxacin, grepafloxacin, levofloxacin, moxifloxacin, pazufloxacin, sparfloxacin,

temafloxacin, tosufloxacin, clinafloxacin, garenoxacin, gemifloxacin, stifloxacin, trovalfloxacin,
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prulifloxacin, acetazolamide, benzolamide, bumetanide, celecoxib, chlorthalidone, clopamide,
dichlorphenamide, dorzolamide, ethoxyzolamide, furosemide, hydrochlorothiazide, indapamide,
mafendide, mefruside, metolazone, probenecid, sulfacetamide, sulfadimethoxine, sulfadoxine,
sulfanilamides, sulfamethoxazole, sulfasalazine, sultiame, sumatriptan, xipamide, tetracycline,
chlortetracycline, oxytetracycline, doxycycline, lymecycline, meclocycline, methacycline,
minocycline, rolitetracycline, methicillin, nafcillin, oxacilin, icloxacillin, vancomycin,
teicoplanin, clindamycin, co-trimoxazole, and any combination thereof in amounts that are
effective to additively or synergistically enhance the therapeutic effect of the bacteriophage
and/or polypeptide of the invention for a given infection.

[0119] Local anesthetics that may be used in pharmaceutical compositions of the present
invention includé tetracaine, tetracaine hydrochloride, lidocain, lidocaine hydrochloride,
dimethisoquin hydrochloride, dibucaine, dibucaine hydrochloride, butambenpicrate, and
pramoxine hydrochloride. An exemplary concentration of local anesthetic is about 0.025% to
about 5% by weight of the total composition.

[0120] Corticosteroids that may be useful in combination with the polypeptides, bacteriophage,
and/or pharmaceutical compositions of the invention include betamethasone, dipropionate,
fluocinolone, actinide, betamethasone valerate, triamcinolone actinide, clobetasol propionate,
desoximetasone, diflorasone diacetate, amcinonide, flurandrenolide, hydrocortisone valerate,
hydrocortisone butyrate, and desonide. An exemplary concentration of corticosteroid is about
0.01% to about 1% by weight of the total composition.

[0121] In certain embodiments, a formulation comprising a bacteriophage and/or polypeptide of
the invention further comprises SM buffer (0.05 M Tris-HCI (pH 7.4-7.5); 0.1 M NaCl; 10 mM
MgSOy). In other embodifnents, the formulation further comprises SM buffer and 10 mM
MgCl,. In still other embodiments, the formulation further comprises SM buffer and about 20%
or about 30% ethanol.

[0122] Pharmaceutical compositions comprising a bacteriophage and/orvpolypeptide of the
present invention can be formulated in a unit dose or multi-dose formulation. Suitable
formulations can be selected from the group consisting of ointments, solutions, suspensions or
emulsions, extracts, powders, granules, sprays, lozenges, tablets, or capsules; and additionally

may include a dispersing agent or a stabilizing agent.
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[0123] The pharmaceutical compositions of the invention can be administered by inhalation, in
the form of a suppository or pessary, topically (e.g., in the form of a lotion, solution, cream,
ointment or dusting powder), epi- or transdermally (e.g., by use of a skin patch), orally (e.g., as a
tablet, which may contain excipients such as starch or lactose), as a capsule, ovule, elixirs,
solutions, or suspensions (each optionally containing flavoring, coloring agents and/or
excipients), or they can be injected parenterally (e.g., intravenously, intramuscularly or
subcutaneously). For parenteral administration, the compositions may be used in the form of a
sterile aqueous solution which may contain other substances, for example enough salts or
monosaccharides to make the solution isotonic with blood. For buccal or sublingual
administration the compositions may be administered in the form of tablets or lozenges which
can be formulated in a conventional manner. In a preferred embodiment, a bacteriophage and/or
polypeptide of the present invention is administered topically, either as a single agent, or in
combination with other antibiotic treatments, as described herein or known in the art.

[0124] A bacteriophage and/or polypeptide of the present invention may also be dermally or
transdermally administered. For topical application to the skin, the bacteriophage and/or
polypeptides of the present invention may be combined with one or a combination of carriers,
which can include but are not limited to, an aqueous liquid, an alcohol base liquid, a water
soluble gel, a lotion, an ointment, a nonaqueous liquid base, a mineral oil base, a blend of
mineral oil and petrolatum, lanolin, liposomes, proteins carriers such as serum albumin or
gelatin, powdered cellulose carmel, and combinations thereof. A topical mode of delivery may
include a smear, a spray, a bandage, a time-release patch, a liquid-absorbed wipe, and
combinations thereof. The bacteriophage and/or polypeptide of the invention may be applied to
a patch, wipe, bandage, etc., either directly or in a carrier(s). The patches, wipes, bandages, etc.,
may be damp or dry, wherein the phage and/or polypeptide (e.g., a lysin) is in a lyophilized form
on the patch. The carriers of topical compositions may comprise semi-solid and gel-like vehicles
that include a polymer thickener, water, preservatives, active surfactants, or emulsifiers,
antioxidants, sun screens, and a solvent or mixed solvent system. U.S. Patent No. 5,863,560
discloses a number of different carrier combinations that can aid in the exposure of skin to a
medicament, and its contents are incorporated herein. The carrier may or may not involve a
controlled-release formulation, e.g., as disclosed in US 2008/0260697, the contents of which are

incorporated herein by reference. The carrier may or may not involve phage adsorbed on a
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matrix, e.g., as described in any one of US 2008/0038322, US 2008/0138311, US 2009/0130196,
EP 1812 025, EP 1 817 043, and EP 1 833 497, the contents of which are incorporated herein by
reference. In some embodiments, the carrier may or may not involve a viscous formulation,
e.g., a gel, e.g., as disclosed in US 2009/0191254, the contents of which are incorporated herein
by reference.

[0125] For intranasal or administration by inhalation, the bacteriophage and/or polypeptide of
the invention is conveniently delivered in the form of a dry powder inhaler or an aerosol spray
presentation from a pressurized container, pump, spray, or nebuliser with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, a
hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane (HFA 134ATM.) or 1,1,1,2,3,3,3-
heptafluoropropane (HFA 227EA.TM.), carbon dioxide, or other suitable gas. In the case of a
pressurized aerosol, the dosage unit may be determined by providing a valve to deliver a metered
amount. The pressurized container, pump, spray, or nebuliser may contain a solution or
suspension of the active compound, e.g., using a mixture of ethanol and the propellant as the
solvent, which may additionally contain a lubricant, e.g., sorbitan trioleate. Capsules and
cartridges (made, for example, from gelatin) for use in an inhaler or insufflator may be
formulated to contain a powder mix of the bacteriophage and/or polypeptide of the invention and
a suitable powder base such as lactose or starch.

[0126] For administration in the form of a suppository or pessary, the therapeutic compositions
may be applied topically in the form of a gel, hydrogel, lotion, solution, cream, ointment, or
dusting powder. Compositions of the invention may also be administered by the ocular route.
For ophthalmic use, the compositions of the invention can be formulated as micronized
suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as solutions in isotonic, pH
adjusted, sterile saline, optionally in combination with a preservative such as a benzylalkonium
chloride. Alternatively, they may be formulated in an ointment such as petrolatum.

[0127] Dosages and desired drug concentrations of the pharmaceutical compositions of the
present invention may vary depending on the particular use. The determination of the
appropriate dosage or route of administration is within the skill of an ordinary physician. Animal
experiments can provide reliable guidance for the determination of effective doses in human
therapy. Interspecies scaling of effective doses can be performed by one of ordinary skill in the

art following the principles described by Mordenti, J. and Chappell, W. “The use of interspecies
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scaling in toxicokinetics” in Toxicokinetics and New Drug Development, Yacobi et al., Eds.,

Pergamon Press, New York 1989, pp42-96.

6.3 THERAPEUTIC USE

[0128] The bacteriophage and polypeptides of the present invention have activity against a
plurality of strains of K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S. aureus,
e.g., as described in Tables 1-7, in the Examples below. Therefore, the compositions of the
present invention may find use in methods of preventing and/or treating infections associated
with K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S. aureus in both humans and
animals. In other embodiments, the compositions of the present invention may be used to treat
infection associated with related species or strains of these bacteria, including, but not limited to
S. epidermidis, S. auricularis, S. capitis, S. haemolyticus, S. hominis, S. saprophyticus, S.
simulans, S. xylosis, Micrococcus luteus, Bacilus subtilis, B. pumilus, E. hirae.

[0129] In specific embodiments, the subject receiving a pharmaceutical composition of the
invention is a mammal (e.g., bovine, ovine, caprine, equid, primate (e.g., human), rodent,
lagomorph or avian (e.g., chicken, duck, goose)). In the context of the present invention,
“treatment” refers to therapeutic treatment, wherein the object is to eliminate, lessen, decrease
the severity of, ameliorate, slow the progression of or prevent the symptoms or underlying cause
(e.g., bacterial infection) associated with the pathological condition or disorder. “Treatment”
refers to both therapeutic treatment and prophylactic or preventative measures, wherein the
object is to eliminate, lessen, decrease the severity of, slow the progression of or delay or prevent
the symptoms or underlying cause (e.g., bacterial infection) associated with the pathological
condition or disorder. It is also contemplated that a bacteriophage and/or polypeptide of the
invention acts as a prophylactic or preventative measure, preventing the onset of infection caused
by one or more bacteria. .

[0130] K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and S. aureus are responsible for
many severe opportunistic infections, particularly in individuals with compromised immune
systems. The pharmaceutical compositions of the present invention are contemplated for treating
any infection associated with K. pneumoniae, A. baumannii;, E. coli, P. aeruginosa, and/or S.
aureus, or associated with other species or strains of bacteria, including, but not limited to,

infections of the skin (including but not limited to skin ulcers, carbuncles, bed sores, and diabetic
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7.5 EXAVPLE 4: Bacteriophage F510/08 [0185] Conparison of the putative ORFs
of the bacteriophage F510/ 08 genone with the sequences in the NCBI
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foot ulcer. For example, an isolated phage or polypeptide of the invention can be used for the
treatment of infections associated with diabetic foot ulcer, in a subject in need thereof. In
particular embobdiments, the composition used for treating diabetic foot ulcer is a topical
composition, formulated for topical administration, e.g., a composition for direct application to
an ulcer, wound, lesion, and/or sore associated with diabetic foot ulcer.

[0133] In certain embodiments, the composition for use with respect to diabetic foot ulcer
comprises isolated F44/10, having a genome comprising the nucleic acid sequence of SEQ ID
NO:560 and exhibitihg antibacterial activity against one or more strains of Staphylococcus
aureus. In some embodiments, a composition is used comprising a polypeptide isolated from
bacteriophage F44/10, or a fragment, variant, or derivative thereof, which polypeptide, fragment,
variant, or derivative exhibits antibacterial activity against one or more species or strains of S.
aureus. In certain such embodiments, the polypeptide, or fragment, variant, or derivative
thereof, is a lysin, a CHAP domain, or a tail protein, exhibiting antibacterial activity against one
or more species or strains of S. aureus. In certain embodiments, the composition for use with
respect to diabetic foot ulcer comprises isolated F125/10, having a genome comprising the
nucleic acid sequence of SEQ ID NO:1074 and exhibiting antibacterial activity against one or

more strains of Staphylococcus aureus. In some embodiments, a composition is used comprising
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a polypeptide isolated from bacteriophage F125/10, or a fragment, variant, or derivative thereof,
which polypeptide, fragment, variant, or derivative exhibits antibacterial activity against one or
more species or strains of S. aureus. In certain such embodiments, the polypeptide, or fragment,
variant, or derivative thereof, is a lysin, a CHAP domain, or a tail protein, exhibiting antibacterial
activity against one or more species or strains of S. aureus.

[0134] In certain embodiments, a composition comprising a phage cocktail is used, e.g., where
the phage cocktail comprises at least one phage exhibiting antibacterial activity against one or
more strains of Staphylococcus aureus and at least one phage exhibiting antibacterial activity
against a different bacteria. In particular embodiments, the phage cocktail comprises F44/10
and/or F125/10 in combination with at least one other phage selected from F391/08, F394/08,
F488/08, F510/08, F387/08, F170/08, F168/08, F770/05, and F1245/05. In particularly preferred
embodiments, the phage cocktail comprises F44/10 and/or F125/10 in combination with one,
two, three or more other phages selected from F391/08, F387/08, F488/08, F510/08 and/or
F770/05.

[0135] In certain embodiments, the composition for use with respect to diabetic foot ulcer
comprises isolated F391/08 and/or F387/08, having a genomé comprising the nucleic acid
sequence of SEQ ID NO:1 or SEQ ID NO: 781, respectively, and exhibiting antibacterial activity
against one or more strains of Klebsiella pneumoniae. In some embodiments, a composition is
used comprising a polypeptide isolated from bacteriophage F391/08 and/or F387/08, or a
fragment, variant, or derivative thereof, which polypeptide, fragment, variant, or derivative
exhibits antibacterial activity against one or more species or strains of K. pneumoniae. In certain
such embodiments, the polypeptide, or fragment, variant, or derivative thereof, is a lysin, a
CHAP domain, or a tail protein, exhibiting antibacterial activity against one or more species or
strains of K. pneumoniae. In certain embodiments, a composition comprising a phage cocktail is
used, e.g., where the phage cocktail comprises at least one phage exhibiting antibacterial activity
against one or more strains of Klebsiella pneumoniae and at least one phage exhibiting
antibacterial activity against a different bacteria. In particular embodiments, the phage cocktail
comprises F391/08 and/or F387/08 in combination with at least one other phage selected from
F394/08, F488/08, F510/08, F44/10, F170/08, F168/08, F770/05, F1245/05, and F125/10. In
particularly preferred embodiments, the phage cocktail comprises F391/08 and/or F387/08 in
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combination with one, two, three or more other phages selected from F44/10, F488/08, F510/08
and/or F770/05.

[0136] In certain embodiments, the composition for use with respect to diabetic foot ulcer
comprises isolated F488/08, having a genome comprising the nucleic acid sequence of SEQ ID
NO:3 and exhibiting antibacterial activity against one or more strains of Escherichia coli. In
some embodiments, a composition is used comprising a polypeptide isolated from bacteriophage
F488/08, or a fragment, variant, or derivative thereof, which polypeptide, fragment, variant, or
derivative exhibits antibacterial activity against one or more species or strains of E. coli. In
certain such embodiments, the polypeptide, or fragment, variant, or derivative thereof, is a lysin,
a CHAP domain, or a tail protein, exhibiting antibacterial activity against one or more species or
strains of Escherichia coli. In certain embodiments, a composition comprising a phage cocktail
is used, e.g., where the phage cocktail comprises at least one phage exhibiting antibacterial
activity against one or more strains of Escherichia coli and at least one phage exhibiting
antibacterial activity against a different bacteria. In particular embodiments, the phage cocktail
comprises F488/08 in combination with at least one other phage selected from F394/08, F510/08,
F44/10, F170/08, F168/08, F770/05, F1245/05, F391/08 F387/08, and F125/10. In particularly
preferred embodiments, the phage cocktail comprises F488/08 in combination with one, two,
three or more other phages selected from F391/08, F387/08, F44/10, F125/10, F510/08 and/or
F770/05.

[0137] In certain embodiments, the composition for use with respect to diabetic foot ulcer
comprises isolated F510/08 and/or F770/05, having a genome comprising the nucleic acid
sequence of SEQ ID NO:4 or as disclosed in WO 2010/090542, respectively, and exhibiting
antibacterial activity against one or more strains of Pseudomonas aeruginosa. In some
embodiments, a composition is used comprising a polypeptide isolated from bacteriophage
F510/08 and/or F770/05, or a fragment, variant, or derivative thereof, which polypeptide,
fragment, variant, or derivative exhibits antibacterial activity against one or more species or
strains of P. aeruginosa. In certain such embodiments, the polypeptide, or fragment, variant, or
derivative thereof, is a lysin, a CHAP domain, or a tail protein, exhibiting antibacterial activity
against one or more species or strains of Pseudomonas aeruginosa. In certain embodiments, a
composition comprising a phage cocktail is used, e.g., where the phage cocktail comprises at

least one phage exhibiting antibacterial activity against one or more strains of Pseudomonas
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aeruginosa and at least one phage exhibiting antibacterial activity against a different bacteria. In
particular embodiments, the phage cocktail comprises F510/08 and/or F770/05 in combination
with at least one other phage selected from F394/08, F488/08, F44/10, F170/08, F168/08,
F1245/05, F391/08, F387/08, and F125/10. In particularly preferred embodiments, the phage
cocktail comprises F510/08 and/or F770/05 in combination with one, two, three or more other
phages selected from F44/10, F488/08, F391/08, and/or F387/08. _

[0138] K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and S. aureus are also associated
with infections that involve organ systems that have a high fluid content, and it is contemplated
that the bacteriophage and/or polypeptides of the invention have therapeutic use in the
prevention and treatment of these infections. For example, the pharmaceutical compositions of
the invention may be used for the prevention or treatment of infections of the respiratory tract, of
the cerebrospinal fluid, of peritoneal fluid, and of the urinary tract. The compositions of the
invention may also be used to prevent and/or treat nosocomial pneumonia, infections associated
with continuous ambulatory peritoneal dialysis (CAPD), catheter-associated bacterimia, and
nosocomial meningitis.

[0139] In a preferred embodiment, a bacteriophage and/or polypeptide of the invention is used
prophylactically in hospital setting, particularly to prevent infections associated with wounds,
ulcers, and openings in the skin, e.g., due to catheterization and any other medical procedures or
devices. -

[0140] In certain embodiments, a bacteriophage and/or polypeptide of the invention is used as a
single agent for treating or preventing infections associated with K. pneumoniae, A. baumannii,
E. coli, P. aeruginosa, and/or S. aureus, and/or other bacterial species. In other embodiments of
the invention, a bacteriophage and/or polypeptide of the invention is used in combination with
other agents, including other bacteriophage (for example, that target a different species or strain
of bacteria), or with antibiotics that target the same or different kinds of bacteria, including
bacteria selected from any gram-positive bacteria, any gram-negative bacteria, and any other
groups of bacteria that is not classified as gram-positive or gram-negative. The compositions of
the invention may also be used in combination with any other means of treating bacterial
infection known to one of skill in the art.

[0141] Also contemplated by the invention are methods of preventing and methods of treating an

infection caused by bacteria including, but not limited to, K. preumoniae, A. baumannii, E. coli,
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P. aeruginosa, and/or S. aureus comprising administering to a mammal in need thereof a
composition comprising a lysin comprising or consisting of the amino acid sequence of SEQ ID
NO: 20, SEQ ID NO: 80, SEQ ID NO: 192, SEQ ID NO: 282, SEQ ID NO: 547, SEQ ID NO:
556, SEQ ID NO: 557, SEQ ID NO: 598, SEQ ID NO: 1216, SEQ ID NO: 1261, or a fragment,
variant, or derivative thereof, wherein the fragment, variant, or derivative exhibits antibacterial
or antimicrobial activity against the species of bacteria from which the parent bacteriophage was
isolated. In a specific example in accordance with this embodiment, the invention provides
methods of preventing or treating an infection caused by a bacteria including, but not limited to,
K. pneumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S. aureus, comprising administering
to a mammal in need thereof a composition comprising an isolated CHAP domain of a lysin, or a
fragment, variant, or derivative thereof that exhibits at least one biologic activity of the CHAP
domain from which it was isolated (e.g., lytic cell killing).

[0142] In certain embodiments, the invention provides methods of preventing and/or treating an
infection caused by bacteria including, but not limited to, K. pneumoniae, A. baumannii, E. coli,
P. aeruginosa, and/or S. aureus, comprising administering to a mammal in need thereof a
composition comprising a tail protein comprising or consisting of the amino acid sequence of
SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ
ID NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190; SEQ ID NO: 231, SEQ ID
NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID
NO: 252, SEQ ID NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544,
SEQ ID NO: 545, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629, or SEQ ID NO: 686,
SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs:
999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250,
SEQ ID NO: 1266, or a fragment, variant, or derivative thereof, wherein the fragment, variant, or
derivative exhibits a biologic activity associated with the bacteriophage from with it was derived.
[0143] In still other embodiments, the invention provides methods of preventing and/or treating
an infection caused by bacteria including, but not limited to, K. pneumoniae, A. baumannii, E.
coli, P. aeruginosa, and/or S. aureus, comprising administering to a mammal in need thereof a
composition comprising bacteriophage having a genome comprising or consisting of the nucleic
acid sequence of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
560, SEQ ID NO: 781, and/or SEQ ID NO: 1074. Combinations of the lysins (or fragments,
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variants, or derivatives thereof as described above) and tail proteins (or fragments, variants, or
derivatives thereof as described above), optionally with one or more bacteriophage of the
invention or with other treatments, such as antibiotics, are also contemplated, as well as methods
of treating and/or methods of preventing a bacterial infection using one or more of the
combinations herein described.

[0144] As used herein, the term “in combination” refers to the use of more than one prophylactic
and/or therapeutic agent. The use of the term “in combination™ does not restrict the order in
which prophylactic and/or therapeutic agents are administered to a subject with a disease or
disorder. A first prophylactic or therapeutic agent can be administered prior to (e.g., 5 minutes,
15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48
hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12
weeks before), concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30 minutes, 45
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1
week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks after) the
administration of a second prophylactic or therapeutic agent (different from the first prophylactic

or therapeutic agent) to a subject with a disease or disorder.

6.4  DISINFECTANT AND ANTI-INFECTIVE USE
[0145] Bacterial pathogens most often infect at a mucous membrane site (e.g., upper and lower
respiratory, intestinal, urogenital, ocular, and the like). The mucous membranes themselves are
often the reservoir, sometimes the only reservoir, for many pathogenic bacteria found in the
environment (e.g., pneumococci, staphylococci, and streptococci). There are very few anti-
infectives that are designed to control the carrier state of pathogenic bacteria. However, studies
have shown that by reducing or eliminating this reservoir in environments such as hospitals and
nursing homes, the incidence of infections by these bacteria will be markedly reduced. The
prevention of nosocomical infections involves routine and repeated cleaning of affected surfaces.
[0146] The bacteriophage and/or polypeptides of the present invention may be used in anti-
infective compositions for controlling the growth of bacteria (e.g., Gram-positive bacteria (e.g.,
S. aureus), Gram-negative bacteria (e.g., K. pneumoniae, A. baumannii, E. coli, and P.
aeruginosa), or bacteria not classified as either Gram-positive or Gram-negative), in order to
prevent or reduce the incidence of nocosomial infections. In addition to use in compositions for

application to mucous membranes, a bacteriophage and/or polypeptide of the present
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7.6 EXAVPLE 5: Bacteriophage F44/10 [0187] Conparison of the putative ORFs
of the bacteriophage F44/ 10 genone with the sequences in the NCBI
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highly simlar to that of Staphyl ococcus phage K, with individual ORF
identities ranging from80 to 99% A schematic organization of the F44/10
genone is provided in FIG 9. F44/10 ORFs, their encoded am no acid
sequences, and known honol ogous proteins are provided in FIG 10.
Prediction of orfs was perforned by integrating the results obtained with
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protein (e.g., tail component, tail fiber protem adsorption associated tail protein, tail length tape
measure protein, baseplate wedge subunit), or fragment, variant, or derivative thereof, isolated
from a bacteriophage having a genome comprising or consisting of SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO: 560, SEQ ID NO: 781, or SEQ ID NO: 1074
(e.g., bacteriophage F391/08, F394/08, F488/08, F510/08, F44/10, F387/08, or F125/10,
respectively), may be used in nanotechnological applications. For example, tail proteins from
tail fibers of the phage may have highly organized structures and may find use in nanoscale
conductors. Such conductors may be used, e.g., to deposit gold and/or other ions.

[0149] In specific embodiments, the polypeptide of the invention used in nanotechonology is an
isolated tail protein comprising or consisting of the amino acid sequence SEQ ID NO: 15, SEQ
ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ ID NO: 180, SEQ ID
NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ ID NO: 232; SEQ ID
NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID
NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545,
SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ
ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs:
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1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250, or SEQ ID NO: 1266. In
other embodiments, the polypeptide of the invention comprises a fragment, variant or derivative
of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35,
SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ
ID NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ
ID NO: 252, SEQ ID NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO:
544, SEQ ID NO: 545, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629, SEQ ID NO: 686,
SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs:
999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250,
or SEQ ID NO: 1266, wherein said fragment, variant or derivative possesses a highly-organized

structure. Such polypeptides find use, e.g., in nanoscale conductors, as described above.

6.6 DIAGNOSTIC METHODS
[0150] The present invention also encompasses diagnostic methods for determining the causative
agent in a bacterial infection. In certain embodiments, the diagnosis of the causative agent in a
presentation of bacterial infection is performed by (i) culturing tissue, blood, or fluid samples of
a patient according to standard techniques; (ii) contacting the culture with one or more
bacteriophage and/or polypeptides of the invention; and (iii) monitoring cell growth and/or
evidence of lysis after said contacting. Because the activity of bacteriophage and/or their
isolated products (e.g., polypeptides, or biologically active fragments, variants, or derivatives
thereof) tends to be species or strain specific, susceptibility, or lack of susceptibility, to one or
more bacteriophage and/or polypeptides of the invention may be indicative of the species or
strain of infective bacteria. For example, decreased growth of test cultures after contacting with
a bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ ID
NO: 1 or 781, or with an isolated polypeptide thereof or derived therefrom, may be i.ndicative of
the test sample comprising K. pneumoniae. Similarly, a bacteriophage having a genome
comprising or consisting of the nucleic acid sequence SEQ ID NO: 2, or an isolated polypeptide
product thereof or derived therefrom, may be used to identify infection by 4. baumannii; a
bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ ID
NO: 3, or an i_solated polypeptide product thereof or derived therefrom, may be used to identify

infection by E. coli; while that having a genome comprising or consisting of the nucleic acid
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sequence SEQ ID NO: 4, or an isolated polypeptide product thereof or derived therefrom, may
be used to identify infection by P. aeruginosa; and that having a genome comprising or
consisting of the nucleic acid sequence SEQ ID NO: 560 or 1074, or an isolated polypeptide
product thereof or derived therefrom, may be used to identify infection by S. aureus.

[0151] Additionally, in some embodiments, bacteriophage and/or polypeptides of the present
invention may be used in biosensors in the scope of diagnostics. As used herein, “biosensor”
refers an analytical device for the detection of an analyte that combines a biological component
with a physicochemical detector component. In particular, proteins involved in the recognition
of bacterial receptors can be used in the development of diagnostic biosensors.

[0152] In some embodiments, a polypeptide of the invention comprising or consisting of a tail
protein (e.g., tail component, tail fiber protein, adsorption associated tail protein, tail length tape
measure protein, basepiate wedge subunit), or fragment, variant, or derivative thereof, isolated
from a bacteriophage having a genome comprising or consisting of SEQ ID NO: 1, SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO: 560, SEQ ID NO: 781, SEQ ID NO: 1074 (e.g.,
bacteriophage F391/08, F394/08, F488/08, F510/08, F44/10, F387/08, or F125/10 respectively),
may be used in biosensor applications. For example, a phage tail protein may specifically
recognize one or more bacterial species and/or strains, and thus may find use in biosensor
diagnostics. The detection of a certain baterial species and/or strain, by one or more
bacteriophage and/or polypeptides of the invention, can indicate the species or strain of infective
bacteria.

[0153] In specific embodiments, the polypeptide of the invention used in biosensor applications
is an isolated tail protein comprising or consisting of the amino acid sequence SEQ ID NO: 15,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, SEQ ID NO: 180, SEQ
ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID
NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID
NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO: 544, SEQ ID NO: 545,
SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 789, SEQ
ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs: 999-1004, SEQ ID NOs:
1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250, or SEQ ID NO: 1266. In
other embodiments, the polypeptide of the invention comprises a fragment, variant or derivative
of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35,
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SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, SEQ ID NO: 190, SEQ ID NO: 231, SEQ
ID NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ ID NO: 248, SEQ ID NO: 249, SEQ
ID NO: 252, SEQ ID NO: 254, SEQ ID NOs: 433-437, SEQ ID NOs: 489-496, SEQ ID NO:
544, SEQ ID NO: 545, SEQ ID NO: 549, SEQ ID NO: 551, SEQ ID NO: 629, SEQ ID NO: 686,
SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID NO: 854, SEQ ID NOs:
999-1004, SEQ ID NOs: 1053-1060, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID NO: 1250,
or SEQ ID NO: 1266, wherein said fragment, variant or derivative is capable of speceifically
recognizing a bacteria, e.g., a specific species and/or one or more specific strains of the bacteria.
Such polypeptides find use, e.g., in biosensors for detecting specific bacteria and/or diagnosing
certain infections, as described above.
[0154] Generally, the phage tail protein for use in a biosensor will detect its host bacteria, or one
or more specific species and/or specific strains of the host bacteria. Accordingly, in certain
embodiments, the invention encompasses a tail protein corresponding to the amino acid sequence
of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 30, or SEQ ID NOs: 32-35,
or a variant, fragment or derivative thereof, which recognizes and can detect one or more strains
of K. pneumoniae. Such detection may be indicative of a K. pneumoniae infection. In certain
embodiments, the invention encompasses a tail protein corresponding to the amino acid sequence
of SEQ ID NO: 180, SEQ ID NO: 183, SEQ ID NO: 185, or SEQ ID NO: 190, or a variant,
fragment or derivative thereof, which recognizes and can detect one or more strains of A.
" baumannii. Such detection may be indicative of an A. baumannii infection. In certain
embodiments, the invention encompasses a tail protein corresponding to the amino acid sequence
of SEQ ID NO: 231, SEQ ID NO: 232, SEQ ID NO:235, SEQ ID NOs: 239-245, SEQ ID NO:
248, SEQ ID NO: 249, SEQ ID NO: 252, SEQ ID NO: 254, SEQ ID NOs: 433-437, SEQ ID
NOs: 489-495, or SEQ ID NO: 496, or a variant, fragment or derivative thereof, which
recognizes and can detect one or more strains of E. coli. Such detection may be indicative of an
E. coli infection
[0155] In certain embodiments, the invention encompasses a tail protein corresponding to the
amino acid sequence of SEQ ID NO: 544, SEQ ID NO: 545, SEQ ID NO: 549, or SEQ ID NO:
551, or a variant, fragment or derivative thereof, which recognizes and can detect one or more
strains of P. aeruginosa. Such detection may be indicative of a P. aeruginosa infection. In

certain embodiments, the invention encompasses a tail protein corresponding to the amino acid
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sequence of SEQ ID NO: 629, SEQ ID NO: 686, SEQ ID NO: 1077, SEQ ID NO: 1217, SEQ ID
NO: 1250, or SEQ ID NO: 1266, or a variant, fragment or derivative thereof, which recognizes
and can detect one or more strains of S. aureus. Such detection may be indicative of an S. aureus
infection. In certain embodiments, the invention encompasses a tail protein corresponding to the
amino acid sequence of SEQ ID NO: 789, SEQ ID NOs: 796-800, SEQ ID NO: 806, SEQ ID
NO: 854, SEQ ID NOs: 999-1004, or SEQ ID NOs: 1053-1060, or a variant, fragment or
derivative thereof, which recognizes and can detect one or more strains of K. pneumoniae. Such
detection may be indicative of a K. pneumoniae infection.

[0156] In some embodiments, the invention encompasses the use of more than one tail protein,
e.g., a combination of two of more of the tail proteins provided above, in a biosensor for
detecting more than one bacterial species and/or strains. The biosensor also may comprise

additional proteins and/or other agents for detecting the same or different bacteria.

6.7 AMINO ACID VARIANTS
[0157] Amino acid sequence variants of the polypeptides of the invention can be created. In
some embodiments, they may be substitutional, insertional and/or deletion variants. Deletion
variants lack one or more residues of the native protein which typically are not essential for
function (e.g., antimicrobial or antibacterial activity). Insertional mutants typically involve the
addition of material at a non-terminal point in the polypeptide. Substitutional variants typically
involve the exchange of one amino acid for another at one or more sites within the polypeptide,
and may be designed to modulate one or more properties of the polypeptide, such as stability
against proteolytic cleavage, preferably without the loss (or substantial loss) of other functions or
properties. Substitutions of this kind preferably are conservative, that is, one amino acid is
replaced with one of similar shape and charge. Conservative substitutions are well known in the
art and include, for example, the changes of: alanine to serine; arginine to lysine; asparagine to
glutamine or histidine; aspartate to glutamate; cysteine to serine; glutamine to asparagine;
glutamate to aspartate; glycine to proline; histidine to asparagine or glutamine; isoleucine to
leucine or valine; leucine to valine or isoleucine; lysine to arginine; methionine to leucine or
isoleucine; phenylalanine to tyrosine, leucine or methionine; serine to threonine; threonine to
serine; tryptophan to tyrosine; tyrosine to tryptophan or phenylalanine; and valine to isoleucine

or leucine.
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[0158] Once general areas of the gene are identified as encoding a particular antibacterial
activity, e.g., as a lysin as described herein, point mutagenesis may be employed to identify with
greater particularity which amino acid residues are important in the antibacterial activity. Thus,
one of skill in the art will be able to generate, for example, single base changes in the DNA
strand to result in an altered codon and/or a missense mutation that preserves desired function.
[0159] Preferably, mutation of the amino acids of a protein creates an equivalent, or even an
improved, second-generation molecule. For example, certain amino acids may be substituted for
other amino acids in a protein structure without detectable or substantial loss of function (e.g.,
antibacterial or antimicrobial activity). In making such changes, the hydropathic index of amino
acids may be considered. The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is generally understood in the art. It is accepted that
the relative hydropathic character of the amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the protein with other molecules, for
example, interaction with a peptidoglycan within the outer coat of a gram-positive bacteria.
Each amino acid has been assigned a hydropathic index on the basis of their hydrophobicity and
charge characteristics; for example: isoleucine(+4.5); Valine(+4.2); leucine(+3.8) ;
phenylalanine(+2.8); cysteine/cystine(+2.5); methionine(+1.9); alanine(+1.8); glycine(-0.4);
threonine(-0.7); serine(-0.8); tryptophan 0.9); tyrosine(-1.3); proline(-1.6); histidine(-3.2);
glutamate(-3.5); glutamine(-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-
4.5). It is also understood in the art that the substitution of like amino acids can be made
effectively on the basis of hydrophilicity. Like hydrophobicity, values of hydrophilicity have
been assigned to each amino acid: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate
(+3.0 + 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4);
proline (-0.5 + 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5);
leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5) and tryptophan (-3.4).
Equivalent molecules may be obtained by substitution of one amino acid for another where their
hydropathic and/or their hydrophilicity indices are within + 2, preferably + 1, or most preferably
+ 5 of each other.

[0160] In certain embodiments, the invention encompasses isolated peptides that comprise 1, 2,
3,4,5,6,7,8,9, or 10 or more amino acid modifications (e.g., insertion, substitution, deletion,

etc.) relative to an amino acid sequence disclosed herein. In preferred embodiments, the
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0 00O 42 58 42 7.7 EXAVPLE 6: Bacteriophage F387/08 [0189] Conparison of
the putative ORFs of the bacteriophage F387/08 genone with the sequences in
t he NCBI wocebesisssse dat abase reveal ed no signi gi cant howolregh@s/owosh known
sequences ot her than small portions of the genonme (< 12% genone cover age).
A schematic organi zation of the F387/08 genone is provided in FIG 11.
Functional ly assigned orfs are indicated on the right and in FIGs. 11B-C.
DNA honol ogy searches were carried out with BLASTN program (Zhang, Z. et

al ., 2000. J. Conput. Biol., 7: 203-214), using the NCBI nucl eotide

col I ect ing)lﬂatgo%ks?%?‘esgade such that biological activity of the particular polypeptide is retained or
substantially retained. For example, the present invention encompasses polypeptides isolated
from bacteriophage F387/08, F391/08, F394/08, F488/08, F510/068, F44/10, and/or F125/10,
which are mutated to comprise 1, 2, 3, 4, 5, 6, 7, 8,9, or 10 or more amino acid modifications
relative to an amino acid sequence listed herein, and which exhibit antibacterial activity against
one or more species or strains of Gram-positive or Gram-negative bacterium, e.g., against K.
pneumoniae, A. baumannii, E. coli, P. aeruginosa, and/or S. aureus. In specific embodiments,
the polypeptides of the invention derived from F387/08 or F391/08 exhibit antibacterial or
antimicrobial activity, e.g., lytic Killing activity, against at least K. pneumoniae; those derived
from F394/08 against at least 4. baumannii; those derived from F488/08 against at least E. coli;
those derived from F510/08 against at least. P. aeruginosa, and those derived from F44/10 or
F125/10 against at least. S. aureus. |

6.8 POLYNUCLEOTIDES ENCODING POLYPEPTIDES OF THE
INVENTION

[0161] The invention provides polynucleotides comprising a nucleotide sequence encoding a
polypeptide of the invention. The invention also encompasses polynucleotides that hybridize
under high stringency, intermediate, or lower stringency hybridization conditions, e.g., as
defined supra, to polynucleotides that encode a polypeptide of the invention and that encode
modified polypeptides that have antibiotic and/or other biological activity.

[0162] The polynucleotides may be obtained, and the nucleotide sequence of the polynucleotides
determined, by any method known in the art. For example, a polynucleotide encoding a
polypeptide of the invention may be generated from nucleic acid from a suitable source (e.g.,
bacteriophage F387/08, F391/08, F394/08, F488/08, F510/08, F44/10, and/or F125/10).
Nucleotide sequences may be isolated from phage genomes by routine methods known in the art
(see, e.g., Carlson, “Working with bacteriophage: common techniques and methodological
approaches,” In, Kutter and Sulakvelidze (Eds) Bacteriophage: Biology and Applications, 5™ ed.
CRC Press (2005); incorporated herein by reference in its entirety). If a source containing a
nucleic acid encoding a particular polypeptide is not available, but the amino acid sequence of

the polypeptide of the invention is known, a nucleic acid encoding the polypeptide may be
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polypeptides having a different amino acid sequence, for example to create amino acid

substitutions, deletions, and/or insertions.

[0164] In some embodiments, a nucleotide sequence encoding one or more ORFs of Figures 2,

4, 6, 8, 10, 12, and 14 are provided. In some embodiments, a nucleotide sequence encoding a

variant, fragment or derivative of one or more ORFs of Figures 2, 4, 6, 8, 10, 12, and 14 are

provided, where the variant, fragment or derivative exhibits antibacterial or antimicrobial activity

(e.g., lytic killing activity) against one or more strains of K. pneumoniae, for example, against

the bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ

ID NO: 1 or SEQ ID NO: 781; and/or one against or more strains of 4. baumannii, for example,

against the bacteriophage having a genome comprising or consisting of the nucleic acid sequence

SEQ ID NO: 2; and/or against one or more strains of E. coli, for example, against the

bacteriophage having a genome comprising or consisting of the nucleic acid sequence SEQ ID

NO: 3; against one or more strains of P. aeruginosa, for example, against the bacteriophage

having a genome comprising or consisting of the nucleic acid sequence SEQ ID NO: 4; and/or

against one or more strains of S. aureus, for example, against the bacteriophage having a genome

comprising or consisting of the nucleic acid sequence SEQ ID NO: 560 or SEQ ID NO: 1074.

6.9 RECOMBINANT EXPRESSION OF MOLECULES OF THE INVENTION
[0165] Once a nucleic acid sequence encoding a molecule of the invention (e.g., a polypeptide)
has been obtained, the vector for the production of the molecules may be produced by
recombinant DNA technology using techniques well known in the art. Methods which are well

known to those skilled in the art can be used to construct expression vectors containing the
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coding sequences for the molecules of the invention and appropriate transcriptional and
translational control signals. These methods include, for example, in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination. (See, for example, the
techniques described in Sambrook ez al., 1990, Molecular Cloning, A Laboratory Manual, 2d
Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Ausubel et al. eds., 1998,
Current Protocols in Molecular Biology, John Wiley & Sons, NY).

[0166] The present invention provides expression vectors encoding the polypeptides of the
invention. An expression vector comprising the nucleotide sequence of a molecule identified by
the methods of the invention can be transferred to a host cell by conventional techniques (e.g.,
electroporation, liposomal transfection, and calcium phosphate precipitation) and the transfected
cells are then cultured by conventional techniques to produce the molecules of the invention. In
preferred embodiments, the host cell is other than the species of the parent bacteria from which
the bacteriophage comprising the sequence was derived. In specific embodiments, the
expression of the molecules of the invention is regulated by a constitutive, an inducible or a
tissue, specific promoter. In specific embodiments the expression vector is pQE-30 (Qiagen) or
pET-29(a) (Novagen).

[0167] The host cells used to express the molecules identified by the methods of the invention
may be either bacterial cells (preferably non susceptible to the bacteriophage protein or variant,
derivative, or fragment thereof of the invention). A variety of host-expression vector systems
may be utilized to express the molecules idéntified by the methods of the invention. Such host-
expression systems represent vehicles by which the coding sequences of the molecules of the
invention may be produced and subsequently purified, but also represent cells which may, when
transformed or transfected with the appropriate nucleotide coding sequences, express the
molecules of the invention in situ. These include, but are not limited to, mi>croorganisms such as
bacteria that are not susceptible to the bacteriophage protein or variant, derivative, or fragment
thereof of the invention (e.g., B. subtilis) transformed with recombinant bacteriophage DNA,
plasmid DNA, or cosmid DNA expression vectors containing coding sequences for the
molecules identified by the methods of the invention; yeast (e.g., Saccharomyces Pichia)
transformed with recombinant yeast expression vectors containing sequences encoding the
molecules identified by the methods of the invention; insect cell systems infected with

recombinant virus expression vectors (e.g., baculovirus) containing the sequences encoding the
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molecules identified by the methods of the invention; plant cell systems infected with
recombinant virus expression vectors (e.g., cauliflower mosaic virus (CaMV) and tobacco
mosaic virus (TMV) or transformed with recombinant plasmid expression vectors (e.g., Ti
plasmid) containing sequences encoding the molecules identified by the methods of the
invention; or mammalian cell systems (e.g., COS, CHO, BHK, 293, 293T, 3T3 cells, lymphotic
cells (see U.S. 5,807,715), Per C.6 cells (human retinal cells developed by Crucell) harboring
recombinant expression constructs containing promoters derived from the genome of mammalian
cells (e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovirus late
promoter; the vaccinia virus 7.5K promoter) containing sequences encoding the molecules
identified by the methods of the invention.

[0168] In bacterial systems not susceptible to the bacteriophage protein or variant, derivative, or
fragment thereof of the invention, a number of expression vectors may be advantageously
selected depending upon the use intended for the molecule being expressed. For example, when
a large quantity of such a protein is to be produced, for the generation of pharmaceutical
compositions of a polypeptide, vectors which direct the expression of high levels of fusion
protein products that are readily purified may be desirable. Such vectors include, but are not
limited, to the E. coli expression vector pUR278 (Ruther et al., 1983, EMBO J. 2:1791), in which
the protein sequence may be ligated individually into the vector in frame with the lac Z coding
region so that a fusion protein is produced; pIN vectors (Inouye & Inouye, 1985, Nucleic Acids
Res. 13:3101-3109; Van Heeke & Schuster, 1989, J. Biol. Chem. 24:5503-5509); and the like.
pGEX vectors may also be used to express foreign polypeptides as fusion proteins with
glutathione S-transferase (GST). In general, such fusion proteins are soluble and can easily be
purified from lysed cells by adsorption and binding to a matrix glutathione-agarose beads
followed by elution in the presence of free gluta-thione. The pGEX vectors are designed to
include thrombin or factor Xa protease cleavage sites so that the cloned target gene product can
be released from the GST moiety.

[0169] In an insect system, Autographa californica nuclear polyhedrosis virus (AcNPV) is used
as a vector to express foreign genes. The virus preferably grows in Spodoptera frugiperda cells.
The polypeptide coding sequence may be cloned individually into non-essential regions (e.g., the
polyhedrin gene) of the virus and placed under control of an AcNPV promoter (e.g., the

polyhedrin promoter).
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[0170] Once a molecule of the invention (i.e., polypeptides) has been recombinantly expressed,
it may be purified by any method known in the art for purification of polypeptides, for example,
by chromatography (e.g., ion exchange, affinity, and sizing column chromatography),
centrifugation, differential solubility, or by any other standard technique for the purification of
polypeptides or antibodies.

[0171] Certain modifications and improvements will occur to those skilled in the art upon a
reading of the foregoing description. It should be understood that all such modifications and
improvements have been deleted herein for the sake of conciseness and readability but are

properly within the scope of the following claims.

7. EXAMPLES

[0172] It is understood that the following examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggestive to persons skilled in the art and are to be included within the spirit and purview of this
application and the scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference in their entirety for all purposes.
[0173] Unless otherwise indicated, the bacteriophage of the invention were isolated, processed

and analyzed according to the following methods.

7.1.1 PURIFICATION OF PHAGE

[0174] Stock preparations of bacferiophage isolated from clinical samples were prepared
according to protocols described in Carlson, “Working with bacteriophage: common techniques
and methodological approaches,” In, Kutter and Sulakvelidze (Eds) Bacteriophage: Biology and
Applications, 5" ed. CRC Press (2005) (“Carlson,” incorporated herein by reference in its
entirety). ‘

[0175] The bacteriophage stock preparations were concentrated by precipitation with PEG
according to the protocol described in Carlson and Yamamoto et al., 2004, PNAS 101:6415-
6420. Briefly, the stock preparation was incubated in 1 M NaCl for one hour at 4°C with
agitation. Next, PEG 8000 (AppliChem, Cheshire, MA) was gradually added to a final
concentration of 10% (w/v). The composition was then incubated overnight at 4°C. After the
incubation period, the composition was centrifuged at 10000 x g for 30 minutes at 4°C. The

sediment was then re-suspended in SM buffer (0.05 M Tris-HCL at pH 7.4, 0.1 M NaCl, 10 mM
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MgSQO,) with gelatin at 1% w/v and centrifuged again at 1000 rpm at 4°C for 10 minutes. The
supernatant containing the suspended phage was saved for further purification. The supernatant
was purified using a CsCl gradient according to the methods in Carlson.

[0176] CsCl was removed from the purified and concentrated phage stock by dialysis. A
dialysis membrane, Cellu.Sep H1 High Grade Regenerated Cellulose Tubular Membrane
(Cellu.Sep, River Street, USA), was prepared according to the manufacturers’ instructions. The
dialysis involved a first incubation of 30 minutes in 100 mM Tris-HCI and 3 M NaCl (pH 7.4) at
4°C. This was followed by a second incubation of 30 minutes in 100 mM Tris-HCl and 0.3 M
NaCl (pH 7.4) at 4°C. After dialysis, the suspended phage was removed from the interior of the
dialysis bag and stored at 4°C.

7.1.2 EXTRACTION OF PHAGE DNA

[0177] To 5 ml of the purified and concentrated bacteriophage samples was added 20 mM
EDTA at pH 8.0, SDS at.O.S% (p/v) and Proteinase K at a final concentration of 40 pg/ml. The
mixture was incubated at 56°C for one hour. Successive  extractions in
phenol:chloroform:alcohol at a proportions of 25:24:1 were performed until the interface
between the aqueous and organic phases was clear. The aqueous phase was then treated with an
equal volume of chloroform and centrifuged at 13,0000 x g for 10 minutes at 4°C. The aqueous
phase was once again removed, and the DNA was precipitated by adding two volumes of
absolute ethanol and incubating for thirty minutes at 20°C. The samples were then centrifuged at
11,000 x g for 30 minutes at 4°C. The pellet was washed with 70% ethanol at room temperature -
and resuspended in 50 ul of ultra-pure water (Gibco, California). DNA concentration was
determined by measuring the absorbance at 260 nm in a ND-1000 Spectrophotometer. Integrity
of the isolated phage DNA was analyzed by electrophoresis on a 1% agarose gel.

7.1.3 ANALYSIS OF PHAGE GENOMES
[0178] Sequencing of the bacteriophage genome allowed identification of potential open reading
frames (ORFs) within the genome. The putative ORFs of the bacteriophage were used to search
the NCBI nucleotide collection database for homologous DNA sequences using the BLASTN
program (see, e.g., Zhang et al., 2000, J. Comput. Biol. 7:203-214).
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7.2  EXAMPLE 1: Bacteriophage F391/08

[0179] Comparison of the putative ORFs of the bacteriophage F391/08 genome with the
sequences in the NCBI nucleotide database revealed that only small portions of the genome (<
11% genome coverage) exhibited homology with known sequences. A schematic organization
of the F391/08 genome is provided in FIG. 1. F391/08 ORFs, their encoded amino acid
sequences, and known homologous proteins are provided in FIG. 2. Prediction of orfs was
performed by integrating the results obtained with GeneMark.hmm and MetaGeneAnnotator
programs (Besemer, J. and Borodovsky, M. 1999. Nucleic Acids Res., 27: 3911-3920; Noguchi,
H. et al., 2008. DNA Res., 15: 387-396). Protein homology searches were carried out with
BLASTP program (Alschul, S.F. et al., 1997. Nucleic Acids Res., 25: 3389-33402) using the
NCBI non-redundant protein sequences database. Protein conserved domains were predicted
using NCBI specialized BLAST (Marchler-Bauer, A. et al., 2007. Nucleic Acids Res. 35: 237-
240). orfs whose products presented homology with the same protein(s) are indicated with the
same number with the addition of a lowercase letter, in FIG. 2. Identification of putative transfer
RNA genes (tRNA) was carried out using the tRNAscan-SE progam (Lowe, T.M. et al., 1997.
Nucleic Acids Res., 25: 955-964).

[0180] Table 1 below provides the results of spot tests that assessed the host range and activity
of the bacteriophage F391/08 against 100 Klebsiella sp. strains (86 K. pneumoniae strains; 12 K.
oxytoca strains; and 2 Klebsiella sp. strains) isolated from clinical samples. Each spot contained
5 ul of bacteriophage suspension with the indicated titers, prepared from a CsCl purified lysate.
Sensitivity of each strain to, the phage was evaluated based on a relative scale ranging from
turbid (+) to clear (++++) lysis halos. Spots originating from isolated phage plaques are indicated
as (pfu) and resistance to phage infection is indicated as (-). The percentage of strains displaying

a particular sensitivity phenotype is indicated also.

Table 1
Total of
Phage Titer Phage sensitivity (%) of Klebsiella sp. strains (n=100) in‘;e ct: d
(pfu/ml) +H++ 4+ ++ + - pfu - strains (%)
2. 72101 3 26 8 11 0 52 48
2.72x10° 1 5 6 1 0 87 13
F391/08 .
2 79x10° 0 1 3 1 1 94 6
2.72x10* 0 0 0 0 3 97 3
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phage K (O F aher% et al Bacteriol ogy 186(9):2862-2871), and

phage Tmotiec( T mcl epquspces and popwm hemeloegus petetns qReeaidsd in FIG. 4.
30(9) : 19?&?&&8& g? orh’J Q’L ﬁm’n&f ﬁ'}'; fn%éli'dtfﬂ t I%?lﬁtslo% ame\i%th' @e@?@rWﬁKbﬁh' sm

were fo atlvetermnas arge subunit gene
orf 153b)\/1e|tm€3pn@‘bmoalm pmrannﬁt (Besener, HeasieBprednyeky, M f1?591*1\§uclelw\601ds Res., 27:

2012/ 033?1810:{9%/ e aéu%lﬁo(g‘%?%oh%ﬁﬁ]mla% :%51.306) %t?%%@%%ye E%?chw\%ﬂet s _of

spot te hat se&se range ‘and "acti vi teriophage
F125/ 10caged nmtwﬂBBEAST)Plyothm CAllschaly rSelt st @STDQWsNucamlsAclésnRe@t €45 BB&N

clinica ained 5 11 of S jon with
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T.M. et al., 1997. Nucleic Acids Res., 25: 955-964).
[0182] Table 2 below provides the results of spot tests that assessed the host range and activity

of the bacteriophage F394/08 against 100 Acinetobacter sp. strains (93 A. baumannii strains; 6
A.calcoaceticus strains; and 1 A. Iwoffi strain) isolated from clinical samples. Each spot
contained 5 pl of bacteriophage suspension with the indicated titers, prepared from a CsCl
purified lysate. Sensitivity of each strain to the phage was evaluated based on a relative scale
ranging from turbid (+) to clear (++++) lysis halos. Spots originating from isolated phage
plaques are indicated as (pfu) and resistance to phage infection is indicated as (-). The

percentage of strains displaying a particular sensitivity phenotype is indicated also.

Table 2
. Phage sensitivity (%) of Adnetobacter sp. strains (n=100) Total of
Phage Titer infected
(pfu/mi) ++++ +++ ++ + pfu - strains (%)
2.2%10° 67 3 1 0 0 29 71
F394/08 2.9x10° 66 1 2 1 0 30 70
2.9%10° 9 38 8 0 0 45 55
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2.2x10* 0 7 1 0 32 60 40

74  EXAMPLE 3: Bacteriophage F488/08

[0183] Comparison of the putative ORFs of the bacteriophage F488/08 genome with the
sequences in the NCBI nucleotide database revealed that approximately 94% of phage F488/08
DNA is highly similar to that of Enterobaceria phage RB14, with individual ORF identities
ranging from 70 to 100%. A schematic organization of the F488/08 genome is provided in FIG.
5. F4884/08 ORFs, their encoded amino acid sequences, and known homologous proteins are
provided in FIG. 6. Prediction of orfs was performed by integrating the results obtained with
GeneMark.hmm and MetaGeneAnnotator programs (Besemer, J. and Borodovsky, M. 1999.
Nucleic Acids Res., 27: 3911-3920; Noguchi, H. et al., 2008. DNA Res., 15: 387-396). Protein
homology searches were carried out with BLASTP program (Alschul, S.F. et al., 1997. Nucleic
Acids Res., 25: 3389-33402) using the NCBI non-redundant protein sequences database. Protein
conserved domains were predicted using NCBI specialized BLAST (Marchler-Bauer, A. et al.,
2007. Nucleic Acids Res. 35: 237-240). orfs whose products presented homology with the same
protein(s) are indicated with the same number with the addition of a lowercase letter, in FIG. 4.
Identification of putative transfer RNA genes (tRNA) was carried out using the tRNAscan-SE
progam (Lowe, T.M. et al., 1997. Nucleic Acids Res., 25: 955-964).

[0184] Table 3 below provides the results of spot tests that assessed the host range and activity
of the bacteriophage F488/08 against 100 Escherichia coli (ECO) strains isolated from clinical
samples. Each spot contained 5 pl of bacteriophage suspension with the indicated titers,
prepared from a lysate purified by ion exchange chromatography. Sensitivity of each strain to
the phage was evaluated based on a relative scale ranging from turbid (+) to clear (++++) lysis
halos. Spots originating from isolated phage plaques are indicated as (pfu) and resistance to
phage infection is indicated as (-). The percentage of strains displaying a particular sensitivity

phenotype is indicated also.

Table 3
) Phage sensitivity (%) of ECO strains (n=100) Total of
Phage Titer infected
(pfu/ml) ++++ +++ ++ + pfu - strains (%)
1x10'° 0 60 1 2 0 37 63
F488/08
1x10° 0 42 15 0 0 43 57
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F125/10 8.30x109 49 27 12 10 0 O

WO 2012/036580 PCT/PT2011/000031
1x10° 0 8 10 7 0 75 25
1x10* 0 0 0 0 10 90 10

7.5 EXAMPLE 4: Bacteriophage F510/08
[0185] Comparison of the putative ORFs of the bacteriophage F510/08 genome with the
sequences in the NCBI nucleotide database revealed that approximately 95% of phage F510/08
DNA is highly similar to that of Pseudomonas phage LUZ19, with individual ORF identities
ranging from 89 to 97%. A schematic organization of the F510/08 genome is provided in FIG. 7.
F510/08 ORFs, their encoded amino acid sequences, and known homologous proteins are
provided in FIG. 8. Prediction of orfs was performed by integrating the results obtained with
GeneMark.hmm and MetaGeneAnnotator programs (Besemer, J. and Borodovsky, M. 1999.
Nucleic Acids Res., 27: 3911-3920; Noguchi, H. et al., 2008. DNA Res., 15: 387-396). Protein
homology searches were carried out with BLASTP program (Alschul, S.F. et al., 1997. Nucleic
Acids Res., 25: 3389-33402) using the NCBI non-redundant protein sequences database. Protein
conserved domains were predicted using NCBI specialized BLAST (Marchler-Bauer, A. et al.,
~ 2007. Nucleic Acids Res. 35: 237-240). orfs whose products presented homology with the same
protein(s) are indicated with the same number with the addition of a lowercase letter, in FIG. 8.
Identification of putative transfer RNA genes (tRNA) was carried out using the tRNAscan-SE
progam (Lowe, T.M. et al., 1997. Nucleic Acids Res., 25: 955-964).
[0186] Table 4 below provides the results of spot tests that assessed the host range and activity
of the bacteriophage F510/08 against 100 Pseudomonas aeruginosa (PSA) strains isolated from
clinical samples. Each spot contained 5 pul of bacteriophage suspension with the indicated titers,
prepared from a CsCl purified lysate. Sensitivity of each strain to the phage was evaluated based
on a relative scale ranging from turbid (+) to clear (++++) lysis halos. Spots originating from
isolated phage plaques are indicated as (pfu) and resistance to phage infection is indicated as (-).

The percentage of strains displaying a particular sensitivity phenotype is indicated also.

Table 4
: Phage sensitivity (%) of PSA strains (n=100) Total of
Phage Titer infected
(pfu/ml) ++++ +++ ++ + pfu - strains (%)
F510/08 | 500 35 18 4 10 3. 30 70
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100 8.30x108 21 38 21 16 0 2 98

WO 2012/036580 PCT/PT2011/000031
5.7x10° 18 25 6 9 4 38 62
5.7%10° 13 14 4 2 4 63 37
5.7x10* 10 12 0 1 10 67 33

7.6  EXAMPLE 5: Bacteriophage F44/10

[0187] Comparison of the putative ORFs of the bacteriophage F44/10 genome with the
sequences in the NCBI nucleotide database revealed that approximately 81% of phage F44/10
DNA is highly similar to that of Staphylococcus phage K, with individual ORF identities ranging
from 80 to 99%. A schematic organization of the F44/10 genome is provided in FIG. 9. F44/10
ORFs, their encoded amino acid sequences, and known homologous proteins are provided in
FIG. 10. Prediction of orfs was performed by integrating the results obtained with
GeneMark.hmm and MetaGeneAnnotator programs (Besemer, J. and Borodovsky, M. 1999.
Nucleic Acids Res., 27: 3911-3920; Noguchi, H. et al., 2008. DNA Res., 15: 387-396). Protein
homology searches were carried out with BLASTP program (Alschul, S.F. et al., 1997. Nucleic
Acids Res., 25: 3389-33402) using the NCBI non-redundant protein sequences database. Protein
conserved domains were predicted using NCBI specialized BLAST (Marchler-Bauer, A. et al,,
2007. Nucleic Acids Res. 35: 237-240). orfs whose products presented homology with the same
protein(s) are indicated with the same number with the addition of a lowercase letter, in FIG. 10.
As previously reported for Staphylococcus phage K, the putative polymerase gene (orfll4a,
orfl14b) may contain an intron-like sequence. (O’Flaherty et al., 2004). Identification of
putative transfer RNA genes (tRNA) was carried out using the tRNAscan-SE progam (Lowe,
T.M. et al., 1997. Nucleic Acids Res., 25: 955-964).

[0188] Table 5 below provides the results of spot tests that assessed the host range and activity
of the bacteriophage F44/10 against 100 Staphylococcus aureus (STA) strains isolated from
clinical samples. Each spot contained 5 pl of bacteriophage suspension with the indicated titers,
prepared from a CsCl purified lysate. Sensitivity of each strain to the phage was evaluated based
on a relative scale ranging from turbid (+) to clear (++++) lysis halos. Spots originating from
isolated phage plaques are indicated as (pfu) and resistance to phage infection is indicated as (-).
The percentage of strains displaying a particular sensitivity phenotype is indicated also.

Table 5
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Phage Titer Phage sensitivity (%) of STA strains (n=100) ; (f’:::t:cfi
(pfu/ml) TR 4+ ++ + pfu - strains (%)
2.25x101 53 35 10 1 1 0 100
2.25¢101 35 52 10 2 1 0 100
F44110 2.25x10° 19 51 5 5 1 19 81
2.95x10° 5 22 0 0 34 39 61
2.25x10* 0 0 0 ] 42 58 42

7.7 EXAMPLE 6: Bacteriophage F387/08

[0189] Comparison of the putative ORFs of the bacteriophage F387/08 genome with the
sequences in the NCBI nucleotide database revealed no signigicant homologies with known
sequences other than small portions of the genome (< 12% genome coverage). A schematic
organization of the F387/08 genome is provided in FIG. 11. Functionally assigned orfs are
indicated on the right and in FIGs. 11B-C. DNA homology searches were carried out with
BLASTN program (Zhang, Z. et al., 2000. J. Comput. Biol., 7: 203-214), using the NCBI
nucleotide collection database.

[0190] F387/08 ORFs, their encoded amino acid sequencés, and known homologous proteins are
provided in FIG. 12. Prediction of orfs was performed by integrating the results obtained with
GeneMark.hmm and MetaGeneAnnotator programs (Besemer, J. and Borodovsky, M. 1999.
Nucleic Acids Res., 27: 3911-3920; Noguchi, H. et al., 2008. DNA Res., 15: 387-396). Protein
homology searches were carried out with BLASTP program (Alschul, S.F. et al., 1997. Nucleic
Acids Res., 25: 3389-33402) using the NCBI non-redundant protein sequences database. Protein
conserved domains were predicted using NCBI specialized BLAST (Marchler-Bauer, A. et al.,
2007. Nucleic Acids Res. 35: 237-240).

[0191] Table 6 below provides the results of spot tests that assessed the host range and activity
of the bacteriophage F387/08 against 100 Klebsiella sp. strains (86 K. pneumoniae strains; 12 K.
oxytoca strains; and 2 Klebsiella sp. strains) isolated from clinical sarr;ples. Each spot contained
5 ul of bacteriophage suspension with the indicated titers, prepared from a CsCl purified lysate.
Sensitivity of each strain to the phage was evaluated based on a relative scale ranging from

turbid (+) to clear (++++) lysis halos. Spots originating from isolated phage plaques are
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indicated as (pfu) and resistance to phage infection is indicated as (-). The percentage of strains

displaying a particular sensitivity phenotype is indicated also.

Table 6
. Phage sensitivity (%) of KLE strains (n=100) Total of
Phage Titer _ infected
|(pfu/ml) ++++ +++ ++ + ofu - strains (%)
1.0x10"° 1 38 20 9 0 32 68
£387/08 1.0x108 0 10 14 9 0 67 33
1.0x10° 0 0 1 95
1.0x10* 0 0 1 2 97 3

7.8  EXAMPLE 7: Bacteriophage F125/10
[0192] Comparison of the putative ORFs of the bacteriophage F125/10 genome with the
sequences in the NCBI nucleotide database revealed that approximately 87% of phage F125/10
DNA is highly similar to that of Staphylococcus phage ASW, with individual ORF identities
ranging from 77 to 99%. A schematic organization of the F125/10 genome is provided in FIG.
13. F125/10 ORFs, their encoded amino acid sequences, and known homologous proteins are
provided in FIG. 14. Prediction of orfs was performed by integrating the results obtained with
GeneMark.hmm and MetaGeneAnnotator programs (Besemer, J. and Borodovsky, M. 1999.
Nucleic Acids Res., 27: 3911-3920; Noguchi, H. et al., 2008. DNA Res., 15: 387-396). Protein
homology searches were carried out with BLASTP program (Alschul, S.F. et al., 1997. Nucleic
Acids Res., 25: 3389-33402) using the NCBI non-redundant protein sequences database. Protein
conserved domains were predicted using NCBI specialized BLAST (Marchler-Bauer, A. et al.,
2007. Nucleic Acids Res. 35: 237-240). orfs whose products presented homology with the same
protein(s) are indicated with the same number with the addition of a lowercase letter, in FIG. 14.
As previously reported for Staphylococcus phage K (O’Flaherty et al., 2004, J. of Bacteriology
186(9):2862-2871), and phage Twort (Landthaler et al., 2002, Nucleic Acids Research
30(9):1935-1943), introns interrupting genes involved in DNA metabolism were found; and the
putative terminase large subunit gene (orfl153a, orf153b) may contain an intron-like sequence

(orf154%).
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CLAIMS

1. An isolated bacteriophage having a genome which comprises at least 99%
sequence identity to the nucleotide sequence of SEQ ID NO:1, and having antibacterial

activity against Klebsiella pneumoniae.

2. A pharmaceutical composition comprising the bacteriophage of claim 1 and a

pharmaceutically acceptable carrier.

3. The pharmaceutical composition of claim 2, further comprising one or more

additional strains of bacteriophage effective against Klebsiella pneumoniae.
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4. An isolated protein from bacteriophage F391/08 having a genome comprising
at least 99% sequence identity to the nucleotide sequence of SEQ ID NO:1, and having
antibacterial activity against Klebsiella pneumoniae, or a fragment of said protein having
antibacterial activity against Klebsiella pneumoniae; wherein said protein is a lysin protein or

a tail protein.

5. The isolated protein of claim 4, wherein said protein is a lysin protein having
the amino acid sequence of SEQ ID NO: 20, SEQ ID NO: 80, or a fragment thereof, which
fragment has antibacterial activity against Klebsiella pneumoniae, or wherein said protein is a
tail protein having the amino acid sequence of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID
NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, or a fragment thereof, which fragment has

antibacterial activity against Klebsiella pneumoniae.

6. An isolated first protein having at least 85% or at least 95% sequence identity
to a second protein of the same size, wherein said first protein has antibacterial activity

against Klebsiella pneumoniae,
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and said second protein has the amino acid sequence of SEQ ID NO: 20, SEQ ID NO: 80, or
a fragment thereof, or the amino acid sequence of SEQ ID NO: 15, SEQ ID NO: 26, SEQ ID
NO: 27, SEQ ID NO: 30, SEQ ID NOs: 32-35, or a fragment thereof.

7. The fragment of claim 4, 5 or 6, wherein said fragment comprises a cysteine
histidine-dependent amidohydrolases/peptidase domain (CHAP domain) of the amino acid
sequence of SEQ ID NO: 20 or SEQ ID NO: 80.

8. A pharmaceutical composition comprising the isolated protein or fragment of
any one of claims 4, 5 or 6, or the fragment of claim 7 and a pharmaceutically acceptable

carrier.

9. The pharmaceutical composition of claim 8§, comprising the isolated protein
having the amino acid sequence of SEQ ID NO: 15, SEQ ID NO: 20, SEQ ID NO: 26, SEQ
ID NO: 27, SEQ ID NO: 30, SEQ ID NO: 32-35, SEQ ID NO: 80, or a fragment thereof

having antibacterial activity against Klebsiella pneumoniae.
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10.  The pharmaceutical composition of claim 9, further comprising one or more

bacteriophage or additional bacteriophage proteins effective against Kilebsiella pneumoniae.

11.  The pharmaceutical composition of claim 2 or 3, further comprising at least
three additional phage selected from the group consisting of F394/08, having a genome
comprising at least 99% sequence identity to the nucleotide sequence of SEQ ID NO:2;
F488/08, having a genome comprising at least 99% sequence identity to the nucleotide
sequence of SEQ ID NO:3; F510/08, having a genome comprising at least 99% sequence
identity to the nucleotide sequence of SEQ ID NO:4; F44/10, having a genome comprising at

least 99% sequence identity to
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the nucleotide sequence of SEQ ID NO:560; F387/08, having a genome comprising at least
99% sequence identity to the nucleotide sequence of SEQ ID NO:781; F125/10, having a
genome comprising at least 99% sequence identity to the nucleotide sequence of SEQ ID
NO:1074; F170/08, having a genome comprising at least 99% sequence identity to the
nucleotide sequence of SEQ ID NO:2 of WO 2010/090542; F168/08, having a genome
comprising at least 99% sequence identity to the nucleotide sequence of SEQ ID NO:1 of
WO 2010/090542; F770/05, having deposit number NCIMB 41864; and F1245/05, having
deposit number NCIMB 41865; preferably at least three additional phage selected from the
group consisting of F44/10, F387/08, F488/08, F510/08 and/or F770/05; preferably

comprising F44/10; and/or wherein said composition is formulated for topical application.
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12.  An isolated nucleic acid comprising a nucleotide sequence encoding the
protein or fragment of claim 4, 5, or 6 or fragment of claim 7.

13.  Use of a therapeutically effective amount of the pharmaceutical composition
of any of claims 2-3 or 8-11 in the manufacture of a medicament for treating or preventing a
bacterial infection in a subject in need thereof, wherein said bacterial infection is an infection

by Klebsiella pneumoniae

preferably wherein the infection is a nosocomial infection and/or wherein the subject is a
mammal, preferably a human.

14. A method for diagnosing the causative agent of a bacterial infection
comprising

) culturing a sample from a patient;

(ii) contacting the culture of step (i) with the bacteriophage from claim 1,
the protein or fragment of claim 4, 5, or 6, or the fragment of claim 7;
and

(ili)  monitoring for evidence of growth or lysis of the culture

wherein evidence of lysis of the culture indicates that the culture comprises

Klebsiella pneumoniae;

preferably wherein the sample is a sample of blood, urine, tissue biopsy,

sputum, nasal mucosa, or swab collected from said patient.

15. A method for reducing or inhibiting colonization or growth of Klebsiella
pneumoniae bacteria on a solid surface comprising contacting said surface with the
bacteriophage of claim 1, the polypeptide or fragment of claim 4, 5, or 6, or the fragment of
claim 7; preferably wherein said surface is the surface of a hospital apparatus or a piece of

hospital equipment, preferably a surgical apparatus or piece of surgical equipment.

82



16.  Use of the bacteriophage of claim 1, the polypeptide or fragment of claim 4, 5,
or 6, or the fragment of claim 7 in the manufacture of a medicament for reducing or inhibiting
colonization or growth of Klebsiella pneumoniae bacteria on a biological surface contacted
therewith; preferably wherein said surface is the skin or a mucus membrane of a mammal, the
skin or a mucus membrane of a human, or a mucus membrane of the respiratory tract of a

mammal or human.
17. The use according to claim 13, wherein the infection is an infection of the skin.

18. The use according to claim 17, wherein the skin infection is associated with

diabetic foot ulcer.

19. The use according to claim 17 or 18, wherein the composition is to be
administered topically.
20. The use according to any one of claims 13 or 17-19, wherein the subject has a

weakened immune system, preferably wherein the weakened immune system is a result of

alcoholism or diabetes.

21. The use according to claim 13, wherein the infection is an infection associated

with chronic pulmonary disease, nasal mucosa atrophy, or rhinoscleroma.

22, The use according to claim 21, wherein the pharmaceutical composition is to be

administered by inhalation.

23. The use according to claim 22, wherein administration by inhalation uses a pump,
a spray, or a nebulizer; and/or wherein the pharmaceutical composition for administration by

inhalation comprises a dry powder or an aerosol spray.

24. The use according to claim 13, wherein the infection is an infection associated

with enteric pathogenicity.

25. The use according to claim 24, wherein the pharmaceutical composition is to be

administered orally or parenterally.

26. The use according to claim 13, wherein the pharmaceutical composition further

comprises an antibiotic for treating said bacterial infection.
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