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Description

Field of the Invention

[0001] The present invention relates to the field of medicine, in particular of bacterial infections. It provides new phage
treatment strategy.

Background of the Invention

[0002] Nowadays, the treatment of bacterial infections relies mainly on the use of antibiotics. However, excessive and
inappropriate use of antibiotics has fostered the emergence and spread of antibiotic-resistant microorganisms. Indeed,
infections caused by antibiotic-resistant microorganisms also known as "superbugs" often no longer respond to conven-
tional treatments, thereby extending the duration of the disease related to infection and even leading to patient death.
Because of the development of this antibiotic resistance phenomenon and the lack of discovery of new antibiotic classes,
humanity is now facing the possibility of a future without effective treatment for bacterial infections.
[0003] Moreover, with the recent development of the microbiome field, an increasing number of studies have underlined
the harmful consequences of antibiotics treatments. Indeed, due to their low specificity, antibiotics reduce bacterial
diversity, which is a keystone of the development and conservation of a healthy microbiome.
[0004] Bacteriophages are viruses able to infect and reproduce in specific bacterial species leading most of the time
to their death. Since their discovery in 1917, they have been used as therapeutic agents against pathogenic bacteria in
Eastern Europe where they continue to be a replacement for antibiotics or a complementary therapy. This method is
termed "phage therapy".
[0005] Unlike classical chemically-based antibiotics that are active against a broad spectrum of bacterial species, each
bacteriophage is able to infect and kill only a small number of different closely-related bacteria. This narrow spectrum
of bactericidal activity is one of the major bottlenecks for the use of phage therapy. So far, two methods have been used
to bypass the problem of specificity.
[0006] The first one consists in using a mixture of different naturally occurring phages, also called a phage cocktail,
in which each phage targets a different subset of bacterial strains. The major drawback of such a cocktail is the difficulty
of fulfilling the criteria for regulatory approval.
[0007] The second method is to broaden the host range of a specific phage by mutation/selection cycles or engineering.
[0008] In the mutation/selection cycles strategy, a phage goes through cycles of mutation and selection in the presence
of the targeted bacteria. However, this method has several drawbacks. Indeed, these mutation/selection cycles have to
be repeated for each targeted strain immune to the phage and the selection of mutations that allow replication in one
targeted strain can decrease or abolish the possibility to enter into other strains. Moreover the mutational spectrum (the
space of accessible mutation) of phages are limited.
[0009] In contrast, phage engineering allows for a more rational approach where specific features of the phage, known
to be important for infection, are added or modified. Most of the efforts in phage engineering have focused so far on the
ability of a phage to recognize the targeted strain through tail fiber proteins. Swapping tail fibers between two phages
can in principle allow for the exchange of their recognition characteristics. As an example, swapping the gp17 tail fiber
genes of phage T3 and T7 allowed T7 to extend its host range and infect E.coli strains previously immune to T7 but not
to T3 (Pires DP et al, 2016, Microbiology and Molecular Biology Reviews, 80(3): 523-543).
[0010] However, tail fiber proteins modifications have shown limited success in broadening bacteriophage host-range.
[0011] Furthermore, phage engineering can be a tedious task for several reasons including the phage genome size
and the difficulties to operate modifications inside a host (especially if dealing with lytic phages). Thus, researchers have
recently been using the phage machinery as a nanocarrier in order to inject DNA of interest in the form of a plasmid
inside bacteria. For example, these plasmid-phage hybrids, also called phagemids, have been used to inject a genetic
circuit coding for the CRISPR Cas9 nuclease that allows for sequence specific killing of bacteria (Bikard D et al, 2014,
Nature Biotechnology, 32(11): 1146-1150; Citorik RJ et al, 2014, Nature Biotechnology, 32(11): 1141-1145). This strategy
was efficient to specifically kill a subpopulation of bacteria containing resistance to a given antibiotic.
[0012] However, there is no current real broad spectrum alternative treatment to conventional antibiotics on the market.
Therefore, there is still a persisting and urgent medical need to develop new broad spectrum phage or phagemids
therapies capable of efficiently overcome global pathogen resistance, in particular, broad spectrum therapies that will
target bacterial pathogen strains without impairing microbiome diversity. The present invention seeks to meet these and
other needs.

Summary of the Invention

[0013] The inventors have surprisingly discovered that the main impediment for DNA entry from a phage/phagemid



EP 3 358 015 A1

3

5

10

15

20

25

30

35

40

45

50

55

into a target bacterial strain is not related to the specificity of the tail fibers, but rather the number of restriction sites
present in its genome. Hence, the same bacteriophage scaffold possessing the same tail fiber proteins can deliver its
DNA cargo with varying efficiencies (ranging from 0 to 100%) according to the number of restriction sites present in its
genome. These results address the phage/phagemid host range problem in a totally different way and provide an
unexplored path for the design of newly engineered, highly efficient phage or phagemid-based particles Indeed, the aim
is now to rationally design phagemids or bacteriophage genomes with a reduced number of restriction sites instead of
engineering different attachment and entry points for the viral particles as it has previously been done.
[0014] Accordingly, in a first aspect, the present invention concerns a bacteriophage or a packaged phagemid com-
prising no more than 100, 90, 80, 70, 60, 50, 40, 30, or 20 restriction sites recognized by the restriction enzymes encoded
by each bacterium of a group of bacteria of interest.
[0015] Preferably, the bacteriophage or the packaged phagemid comprise no more than 10, 9, 8, 7, 6 5, 4, 3, 2, or 1
restriction site(s) recognized by the restriction enzymes encoded by each bacterium of said group of bacteria.
[0016] More preferably, the bacteriophage or the packaged phagemid comprise no restriction sites recognized by the
restriction enzymes encoded by each bacterium of said group of bacteria.
[0017] Preferably, the group of bacteria of interest consists of a group of n bacterial species, n being a positive integer
comprised between 1 and about 50, preferably between 1 and about 10, more preferably between 1 and about 5, even
more preferably the group of bacteria of interest consists of a single bacterial species.
[0018] More preferably, the group of bacteria of interest consists of a group of n bacterial strains, n being a positive
integer comprised between 1 and about 500, preferably between 1 and about 100, more preferably between 1 and about
30, even more preferably the group of bacteria of interest consists of a single bacterial strain.
[0019] Preferably, the bacterial strains are selected from a single species.
[0020] The bacteria of interest according to the invention may be selected from the group consisting of Yersinia spp.,
Escherichia spp., Klebsiella spp., Acinetobacter spp., Bordetella spp., Neisseria spp., Aeromonas spp., Franciesella
spp., Corynebacterium spp., Citrobacter spp., Chlamydia spp., Hemophilus spp., Brucella spp., Mycobacterium spp.,
Legionella spp., Rhodococcus spp., Pseudomonas spp., Helicobacter spp., Vibrio spp., Bacillus spp., Erysipelothrix
spp., Salmonella spp., Streptomyces spp., Streptococcus spp., Staphylococcus spp., Bacteroides spp., Prevotella spp.,
Clostridium spp., Bifidobacterium spp., Clostridium spp., Brevibacterium spp., Lactococcus spp., Leuconostoc spp.,
Actinobacillus spp., Selnomonas spp., Shigella spp., Zymonas spp., Mycoplasma spp., Treponema spp., Leuconostoc
spp., Corynebacterium spp., Enterococcus spp., Enterobacter spp., Pyrococcus spp., Serratia spp., Morganella spp.,
Parvimonas spp., Fusobacterium spp., Actinomyces spp., Porphyromonas spp., Micrococcus spp., Bartonella spp.,
Borrelia spp., Brucelia spp., Campylobacter spp., Chlamydophilia spp., Ehrlichia spp., Haemophilus spp., Leptospira
spp., Listeria spp., Mycoplasma spp., Nocardia spp., Rickettsia spp., Ureaplasma spp., and Lactobacillus spp, and a
mixture thereof. Preferably the bacteria of interest are selected from Escherichia spp.
[0021] Preferably, the bacteria of interest according to the invention are selected from the group consisting of Bacter-
oides thetaiotaomicron, Bacteroides fragilis, Bacteroides distasonis, Bacteroides vulgatus, Clostridium leptum, Clostrid-
ium coccoides, Staphylococcus aureus, Bacillus subtilis, Clostridium butyricum, Brevibacterium lactofermentum, Strep-
tococcus agalactiae, Lactococcus lactis, Leuconostoc lactis, Actinobacillus actinobycetemcomitans, cyanobacteria, Es-
cherichia coli, Helicobacter pylori, Selnomonas ruminatium, Shigella sonnei, Zymomonas mobilis, Mycoplasma my-
coides, Treponema denticola, Bacillus thuringiensis, Staphilococcus lugdunensis, Leuconostoc oenos, Corynebacterium
xerosis, Lactobacillus plantarum, Lactobacillus rhamnosus, Lactobacillus casei, Lactobacillus acidophilus, Enterococcus
faecalis, Bacillus coagulans, Bacillus cereus, Bacillus popillae, Synechocystis strain PCC6803, Bacillus liquefaciens,
Pyrococcus abyssi, Selenomonas nominantium, Lactobacillus hilgardii, Streptococcus ferus, Lactobacillus pentosus,
Bacteroides fragilis, Staphylococcus epidermidis, Streptomyces phaechromogenes, Streptomyces ghanaenis, Klebsiella
pneumoniae, Enterobacter cloacae, Enterobacter aerogenes, Serratia marcescens, Morganella morganii, Citrobacter
freundii, Pseudomonas aerigunosa, Parvimonas micra, Prevotella intermedia, Fusobacterium nucleatum, Prevotella
nigrescens, Actinomyces israelii, Porphyromonas endodontalis, Porphyromonas gingivalis Micrococcus luteus, Bacillus
megaterium, Aeromonas hydrophila, Aeromonas caviae, Bacillus anthracis, Bartonella henselae, Bartonella Quintana,
Bordetella pertussis, Borrelia burgdorferi, Borrelia garinii, Borrelia afzelii, Borrelia recurrentis, Brucella abortus, Brucella
canis, Brucella melitensis, Brucella suis, Campylobacter jejuni, Campylobacter coli, Campylobacter fetus, Chlamydia
pneumoniae, Chlamydia trachomatis, Chlamydophila psittaci, Clostridium botulinum, Clostridium difficile, Clostridium
perfringens, Clostridium tetani, Corynebacterium diphtheria, Ehrlichia canis, Ehrlichia chaffeensis, Enterococcus fae-
cium, Francisella tularensis, Haemophilus influenza, Legionella pneumophila, Leptospira interrogans, Leptospira santa-
rosai, Leptospira weilii, Leptospira noguchii, Listeria monocytogenes, Mycobacterium leprae, Mycobacterium tubercu-
losis, Mycobacterium ulcerans, Mycoplasma pneumonia, Neisseria gonorrhoeae, Neisseria meningitides, Nocardia as-
teroids, Rickettsia rickettsia, Salmonella enteritidis, Salmonella typhi, Salmonella paratyphi, Salmonella typhimurium,
Shigella flexnerii, Shigella dysenteriae, Staphylococcus saprophyticus, Streptococcus pneumoniae, Streptococcus py-
ogenes, Streptococcus viridans, Treponema pallidum, Ureaplasma urealyticum, Vibrio cholera, Vibrio parahaemolyticus,
Yersinia pestis, Yersinia enterocolitica, Yersinia pseudotuberculosis, Actinobacter baumanii, Pseudomonas aerigunosa,
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and a mixture thereof, preferably the bacteria of interest are selected from the group consisting of Escherichia coli,
Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas aeru-
ginosa, Enterobacter cloacae, and Enterobacter aerogenes, and a mixture thereof, more preferably the bacteria of
interest are selected from Escherichia coli strains..
[0022] In particular, the bacteria of interest according to the invention may be selected from Escherichia coli strains
and the restriction sites recognized by the restriction enzymes of Escherichia coli strains may be CACNNNNNNNCTGG
(SEQ ID NO: 1), AACNNNNNNGTGC (SEQ ID NO: 2), CACNNNNGTAY (SEQ ID NO: 3), AACNNNNCTTT (SEQ ID
NO: 4), CCANNNNNNNCTTC (SEQ ID NO: 5), TACNNNNNNNRTRTC (SEQ ID NO: 6), GAGNNNNNNNGTCA (SEQ
ID NO: 7), TGANNNNNNNNTGCT (SEQ ID NO: 8), AGCANNNNNNTGA (SEQ ID NO: 9), TGANNNNNNCTTC (SEQ
ID NO: 10), GAGNNNNNGTTY (SEQ ID NO: 11), GATGNNNNNNTAC (SEQ ID NO: 12), GAANNNNNNRTCG (SEQ
ID NO: 13), RTCANNNNNNCTC (SEQ ID NO: 14), GNAGNNNNRTDCA (SEQ ID NO: 15), GAANNNNNNNRTCG (SEQ
ID NO: 16), GGANNNNNNNNATGC (SEQ ID NO: 17), GAGNNNNNTCC (SEQ ID NO: 18), CACNNNNNNNGTTG (SEQ
ID NO: 19), YTCANNNNNNGTTY (SEQ ID NO: 20), GATGNNNNNCTG (SEQ ID NO: 21), CCAYNNNNNGTTY (SEQ
ID NO: 22), RTCANNNNNNNNGTGG (SEQ ID NO: 23), GAANNNNNNNTAAA (SEQ ID NO: 24), TCANNNNNNNRTTC
(SEQ ID NO: 25), GACNNNNNNGTC (SEQ ID NO: 26), TTCANNNNNNNNCTGG (SEQ ID NO: 27), TTANNNNNNNGT-
CY (SEQ ID NO: 28), CCANNNNNNNRTGC (SEQ ID NO: 29), CCANNNNNNNNTGAA (SEQ ID NO: 30), GAGNNNNNN-
NATGC (SEQ ID NO: 31), CAGNNNNNNCGT (SEQ ID NO: 32), GATGNNNNNGGC (SEQ ID NO: 33), GAAABCC
(SEQ ID NO: 34), CCWGG (SEQ ID NO: 35), GGTCTC (SEQ ID NO: 36), CTGCAG (SEQ ID NO: 37), GCCGGC (SEQ
ID NO: 38), RGGNCCY (SEQ ID NO: 39), GTCGAC (SEQ ID NO: 40), GCGCGC (SEQ ID NO: 41), RCCGGY (SEQ ID
NO: 42), CCNGG (SEQ ID NO: 43), AAGCTT (SEQ ID NO: 44), CANCATC (SEQ ID NO: 45), GRCGYC (SEQ ID NO:
46), CYCGRG (SEQ ID NO: 47), GCNGC (SEQ ID NO: 48), YGGCCR (SEQ ID NO: 49), CCGCGG (SEQ ID NO: 50),
GRGCYC (SEQ ID NO: 51), CTGAAG (SEQ ID NO: 52), GGWCC (SEQ ID NO: 53), TGGCCA (SEQ ID NO: 54),
CCWWGG (SEQ ID NO: 55), GGNCC (SEQ ID NO: 56), GAGCTC (SEQ ID NO: 57), GGTACC (SEQ ID NO: 58),
GGCGCC (SEQ ID NO: 59), ACCYAC (SEQ ID NO: 60), GAATTC (SEQ ID NO: 61), GATATC (SEQ ID NO: 62),
CCTNAGG (SEQ ID NO: 63), GGTNACC (SEQ ID NO: 64), ATGCAT (SEQ ID NO: 65), GGYRCC (SEQ ID NO: 66),
AGGCCT (SEQ ID NO: 67), CTCAAT (SEQ ID NO: 68), GCWGC (SEQ ID NO: 69), TCGCGA (SEQ ID NO: 70),
CCTNNNNNAGG (SEQ ID NO: 71), ACCACC (SEQ ID NO: 72), CACAG (SEQ ID NO: 73), GAACC (SEQ ID NO: 74),
GAGAC (SEQ ID NO: 75), CAGCAG (SEQ ID NO: 76), AGACC (SEQ ID NO: 77), and CCGAG (SEQ ID NO: 78).
[0023] Preferably, the bacteriophage according to the invention is selected from the group consisting of IKe, CTX-ϕ,
Pf1, Pf2, Pf3, Myoviridae (such as Pl-like, P2-like, Mu-like, SPO1-like, and phiH-like bacteriophages); Siphoviridae (such
as λ-like, γ-like, Tl-like, c2-like, L5-like, psiMl-like, phiC31-like, and N15-like bacteriophages); Podoviridae (such as phi29-
like, P22-like, and N4-like bacteriophages); Tectiviridae (such as Tectivirus); Corticoviridae (such as Corticovirus);
Lipothrixviridae (such as Alphalipothrixvirus, Betalipothrixvirus, Gammalipothrixvirus, and Deltalipothrixvirus); Plasma-
viridae (such as Plasmavirus); Rudiviridae (such as Rudivirus); Fuselloviridae (such as Fusellovirus); Inoviridae (such
as Inovirus, Plectrovirus, M13-like and fd-like bacteriophages); Microviridae (such as Microvirus, Spiromicrovirus, Bdel-
lomicrovirus, and Chlamydiamicrovirus); Leviviridae (such as Levivirus, and Allolevivirus), Cystoviridae (such as Cysto-
virus), coliphages (e.g., infects Escherichia coli), B1 (e.g. infects Bacteroides thetaiotamicron), ATCC 51477-B1, B40-8,
or Bf-1 (e.g. infects B. fragilis), phiHSCO1- e.g. infects B. caccae), phiHSC02 (e.g. infects B. ovatus), phiC2, phiC5,
phiC6, phiC8, phiCD119, or phiCD27 (e.g. infects Clostridium difficile), KP01K2, K1 1, Kpn5, KP34, or JDOO1 (e.g.
infects Klebsiella pneumoniae), phiNM1 or 80alpha (e.g. infects Staphylococcus aureus), IME-EF1 (e.g. infects Entero-
coccus faecalis), ENB6 or C33 (e.g. infects Enterococcus faecium), and phiKMV, PAK-P1, LKD16, LKA1, delta, sigma-
1, J-1 (e.g. infects Pseudomonas aeruginosa), T2, T4, T5, T7, RB49, phiX174, R17, PRD1 bacteriophages, and any
bacteriophage derived thereof.
[0024] Preferably, the phagemid according to the invention is selected from the group consisting of lambda derived
phagemids, P4 derived phagemids, M13-derived phagemids, such as the ones containing the f1 origin for filamentous
phage packaging such as, for example, pBluescript II SK (+/-) and KS (+/-) phagemids, pBC SK and KS phagemids,
pADL and P1 derived phagemids. More preferably, phagemids according to the invention are selected from lambda
derived phagemids and P4 derived phagemids. Even more preferably, phagemids according to the invention are selected
from lambda derived phagemids, preferably selected from the group consisiting of HK022 derived phagemids, mEP237
derived phagemids, HK97 derived phagemids, HK629 derived phagemids, HK630 derived phagemids, mEP043 derived
phagemids, mEP213 derived phagemids, mEP234 derived phagemids, mEP390 derived phagemids, mEP460 derived
phagemids, mEPx1 derived phagemids, mEPx2 derived phagemids, phi80 derived phagemids, mEP234 derived
phagemids.
[0025] In a second aspect, the invention concerns the use of a bacteriophage or of a packaged phagemid according
to the invention to infect a bacterium, preferably a bacterium selected from said group of bacteria of interest.
[0026] In a third aspect, the invention also concerns a pharmaceutical or veterinary composition comprising or con-
sisting essentially of a bacteriophage or a packaged phagemid according to the invention.
[0027] The invention yet concerns, in a forth aspect, a bacteriophage or packaged phagemid according to the invention,
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or the pharmaceutical or veterinary composition according to the invention for use as a drug, especially for improving
the general health of a subject, for eradicating pathogenic or virulent bacteria, for improving the effectiveness of drugs,
and/or for modifying the composition of the microbiome, in particular for the treatment of infections, inflammatory diseases,
auto-immune diseases, cancers, and brain disorders.
[0028] Preferably, the infection is a bacterial infection, preferably caused by a bacterium selected among the group
of bacteria of interest.

Brief Description of the Drawings

[0029]

Figure 1: Injection efficiency of wild-type Lambda phage and Lambda-based phagemids. A) A set of 89 E.
coli strains was treated with wild-type Lambda phage particles (48.5 kb genome) and the injection efficiency assessed
by plaque formation. White, plaques present; Grey, no plaques; Crossed, strain didn’t grow (not analyzed). B) The
same strains shown in (A) were treated with a packaged Lambda phagemid carrying a 3.3 kb DNA cargo coding
for chloramphenicol resistance and GFP. White, fluorescent colonies present; Grey, no colonies; Crossed, strain
was naturally resistant to chloramphenicol (not analyzed). C) Examples of strains from (A) and (B) showing that the
3.3 kb packaged Lambda-based phagemid is able to inject into the target strain (bottom row) while Lambda wild-
type bacteriophage is not (top row).

Figure 2: Injection efficiency of phagemids P420 (12.2 kb) and pAD37 (2.3 kb). A) A set of 93 E. coli strains
was treated with P420 packaged phagemid particles and the injection efficiency assessed by the acquisition of
kanamycin resistance. White, colonies present; Grey, no colonies; Crossed, naturally resistant to kanamycin (not
analyzed). B) The same strains shown in (A) were treated with a pAD37 packaged phagemid carrying a 2.3 kb DNA
cargo coding for carbenicillin resistance. White, colonies present; Grey, no colonies; Crossed, strain was naturally
resistant to carbenicillin (not analyzed). C) Examples of strains from (A) and (B) showing that the 2.3 kb pAD37
packaged phagemid is able to inject into the target strains (bottom row) while P420 is not or does but with a much
lower efficiency (top row).

Detailed description of the Invention

[0030] The inventors have surprisingly discovered that the main impediment for DNA delivery from a phage/phagemid
into a target bacterial strain is not related to the specificity of bacteriophage, especially its tail fibers, but rather to the
number of restriction sites present in its genome. Hence, the same bacteriophage scaffold possessing the same tail
fiber proteins can deliver its DNA cargo with varying efficiencies (ranging from 0 to 100%) according to the number of
restriction sites present in its genome and recognized by the restriction enzymes of the targeted bacterium. The inventors
have thus discovered a new strategy for the design of engineered, highly efficient phagemid-based particles that rely
on a reduction in the number of restriction sites.

Definitions

[0031] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skilled in the art to which this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used in the practice or testing of the present invention, the preferred
methods and materials are described. All patents and scientific literature cited in this application evidence the level of
knowledge in this field and are hereby incorporated by reference. For purposes of clarification, the following terms are
defined below.
[0032] As used herein, the term "nucleic acid" refers to at least two nucleotides covalently linked together, and in some
instances, may contain phosphodiester bonds (e.g., a phosphodiester "backbone"). In some embodiments, a nucleic
acid of the present disclosure may be considered to be a nucleic acid analog, which may contain other backbones
comprising, for example, phosphoramide, phosphorothioate, phosphorodithioate, O-methylphophoroamidite linkages,
and/or peptide nucleic acids. Nucleic acids (e.g., components, or portions, of the nucleic acids) of the present disclosure
may be naturally occurring or engineered. Engineered nucleic acids include recombinant nucleic acids and synthetic
nucleic acids. "Recombinant nucleic acids" may refer to molecules that are constructed by joining nucleic acid molecules
and, in some embodiments, can replicate in a living cell. "Synthetic nucleic acids" may refer to molecules that are
chemically or by other means synthesized or amplified, including those that are chemically or otherwise modified but
can base pair with naturally occurring nucleic acid molecules. Recombinant and synthetic nucleic acids also include
those molecules that result from the replication of either of the foregoing. The nucleic acids may be single-stranded (ss)
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or double-stranded (ds), as specified, or may contain portions of both single-stranded and double-stranded sequences.
The nucleic acid may be DNA, both genomic and cDNA, RNA or a hybrid/chimeric, where the nucleic acid contains any
combination of deoxyribo- and ribonucleotides, and any combination of bases, including uracil, adenine, thymine, cyto-
sine, guanine, inosine, xanthine, hypoxanthine, isocytosine, and isoguanine. Preferably, recombinant and synthetic
nucleic acid is not naturally occurring, especially it includes two sequences that are not found on the same nucleic acid
molecule in nature.
[0033] As used herein, the terms "vector" and "DNA cargo" are equivalent and refer to a nucleic acid molecule, typically
DNA or RNA that serves to transfer a passenger nucleic acid sequence, i.e. DNA or RNA, into a host cell. A vector may
comprise an origin of replication, a selectable marker, and optionally a suitable site for the insertion of a gene such as
the multiple cloning site. There are several common types of vectors including plasmids, bacteriophage genomes,
phagemids, virus genomes, cosmids, and artificial chromosomes.
[0034] As used herein, the term "expression vector" refers to a vector designed for gene expression in cells. An
expression vector allows to introduce a specific gene into a target cell, and can commandeer the cell’s mechanism for
protein synthesis to produce the protein encoded by the gene. An expression vector comprises expression elements
including, for example, a promoter, the correct translation initiation sequence such as a ribosomal binding site and a
start codon, a termination codon, and a transcription termination sequence. An expression vector may also comprise
other regulatory regions such as enhancers, silencers and boundary elements/insulators to direct the level of transcription
of a given gene. The expression vector can be a vector for stable or transient expression of a gene.
[0035] As used herein, the term "delivery vehicle" refers to a structure or composition that allow the transfer of a vector
into a bacterium. There is several common types of delivery vehicle including bacteriophage scaffold, virus scaffold,
chemical based delivery vehicle (e.g., cyclodextrin, calcium phosphate, cationic polymers, cationic liposomes), nano-
particle-based delivery vehicles (or platforms), non-chemical-based delivery vehicles (e.g., electroporation, sonoporation,
optical transfection), particle-based delivery vehicles (e.g., gene gun, magnetofection, impalefection, particle bombard-
ment, cell-penetrating peptides) or donor bacteria.
[0036] As used herein, the term "conjugative plasmid" refers to a plasmid that is transferred from one bacterial cell to
another during conjugation and a "donor bacterium", as used herein, is a bacterium that is capable of transferring a
conjugative plasmid to another bacterium.
[0037] As used herein, the terms "bacteriophage" or "phage" are equivalent and refer to a virus that infects and
replicates in a bacterium. Bacteriophages are composed of a bacteriophage scaffold and of a bacteriophage genome.
[0038] As used herein, the terms "bacteriophage scaffold" refers to the proteins that encapsulate the bacteriophage
genome.
[0039] The term "bacteriophage genome", as used herein, refers to the DNA or RNA genome that is packaged in a
bacteriophage scaffold.
[0040] The term "lethal bacteriophage", as used herein, refers to a bacteriophage that, following the injection of its
genome into the cytoplasm of a bacteria, lead to the death of the bacteria. Lethal bacteriophages according to the
invention include but are not limited to bacteriophages having a lytic cycle of replication resulting in bacterial cell lysis.
[0041] The term "non-lethal bacteriophage", as used herein, refers to a bacteriophage that, following the injection of
its genome into the cytoplasm of a bacteria, will not lead to the death of the bacteria. In particular, non-lethal bacteriophages
according to the invention present a non-lytic cycle of replication, which leaves the bacterial cell intact. The bacteriophage
of the present invention may be, in some embodiments, a non-lethal bacteriophage.
[0042] In a preferred embodiment, the bacteriophage according to the invention is a lethal bacteriophage.
[0043] As used herein, the term "phagemid" or "phasmid" are equivalent and refer to a vector that derives from both
a plasmid and a bacteriophage genome. A phagemid of the invention comprises a phage packaging site and optionally
a plasmid origin of replication (ori). Preferably, the phagemid according to the invention does not comprise a plasmid
origin of replication and thus cannot replicate by itself once injected into a bacterium. Alternatively, the phagemid according
to the invention comprises a plasmid origin of replication.
[0044] As used herein, the term "packaged phagemid" or "engineered particle derived from a phagemid" refers to a
phagemid which is encapsidated in a bacteriophage scaffold.
[0045] The packaged phagemid according to the invention may be produced with a helper phage strategy, well known
from the man skilled in the art. The helper phage comprises all the genes coding for the structural and functional proteins
that are indispensable for the phagemid according to the invention to be encapsidated.
[0046] The term "lethal packaged phagemid", as used herein, refers to a packaged phagemid that, following the
injection of its genome into the cytoplasm of a bacterium, lead to the death of the bacterium.
[0047] The term "non-lethal packaged phagemid", as used herein, refers to a phagemid that, following the injection
of its genome into the cytoplasm of a bacterium, will not lead to the death of the bacterium.
[0048] In a preferred embodiment, the packaged phagemid according to the invention is a lethal packaged phagmid.
[0049] Alternatively, the packaged phagemid according to the invention is a non-lethal packaged phagemid.
[0050] As used herein, the terms "promoter" and "transcriptional promoter" are equivalent and refer to a control region
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of a nucleic acid sequence at which transcription initiation and rate of transcription of the remainder of a nucleic acid
sequence are controlled. A promoter may also contain sub-regions to which regulatory proteins and molecules may
bind, such as RNA polymerase and other transcription factors. A promoter drives transcription of the nucleic acid sequence
that it regulates. Herein, a promoter is considered to be "operably linked" when it is in a correct functional location and
orientation in relation to a nucleic acid sequence it regulates to control ("drive") transcriptional initiation of that sequence.
[0051] A promoter may be classified as strong or weak according to its affinity for RNA polymerase (and/or sigma
factor); this is related to how closely the promoter sequence resembles the ideal consensus sequence for the polymerase
or sigma factor. The strength of a promoter may depend on whether initiation of transcription occurs at that promoter
with high or low frequency. Different promoters with different strengths may be used in the present invention leading to
different levels of gene/protein expression (e.g. the level of expression initiated from an mRNA originating from a weak
promoter is lower than the level of expression initiated from a strong promoter).
[0052] A promoter may be one naturally associated with a gene or sequence, as may be obtained by isolating the 5’
non-coding sequences located upstream of the coding segment of a given gene or sequence. Such a promoter can be
referred to as "endogenous." Similarly, an activator/enhancer may be one naturally associated with a nucleic acid se-
quence, located either within or downstream or upstream of that sequence.
[0053] In some embodiments, a coding nucleic acid segment may be positioned under the control of a recombinant
or heterologous promoter, which refers to a promoter that is not normally associated with the encoded nucleic acid
sequence in its natural environment. A recombinant or heterologous enhancer refers to an enhancer not normally
associated with a nucleic acid sequence in its natural environment.
[0054] As used herein, an "inducible promoter" is one that is characterized by initiating or enhancing transcriptional
activity when in the presence of, influenced by or contacted by an inducer or inducing agent. An "inducer" or "inducing
agent" may be endogenous or a normally exogenous condition, compound or protein that induces transcriptional activity
from the inducible promoter. Examples of inducible promoters for use herein include, without limitation, bacteriophage
promoters (e.g. Plslcon, T3, T7, SP6, PL) and bacterial promoters (e.g. Pbad, PmgrB, Ptrc2, Plac/ara, Ptac, Pm), or
hybrids thereof (e.g. PLlacO, PLtetO).
[0055] Examples of bacterial promoters for use in accordance with the present invention include, without limitation,
positively regulated E. coli promoters such as positively regulated σ 70 promoters (e.g., inducible pBad/araC promoter,
Lux cassette right promoter, modified lamdba Prm promote, plac Or2-62 (positive), pBad/AraC with extra REN sites,
pBad, P(Las) TetO, P(Las) CIO, P(Rhl), Pu, FecA, pRE, cadC, hns, pLas, pLux), a "s" promoter (e.g., Pdps), σ 32
promoters (e.g., heat shock) and σ 54 promoters (e.g., glnAp2); negatively regulated E. coli promoters such as negatively
regulated σ 70 promoters (e.g., Promoter (PRM+), modified lamdba Prm promoter, TetR - TetR-4C P(Las) TetO, P(Las)
CIO, P(Lac) IQ, RecA_DlexO_DLac01, dapAp, FecA, Pspac-hy, pel, plux-cl, plux-lac, CinR, CinL, glucose controlled,
modifed Pr, modifed Prm+, FecA, Pcya, rec A (SOS), Rec A (SOS), EmrR_regulated, Betl_regulated, pLac_lux, pTet_Lac,
pLac/Mnt, pTet/Mnt, LsrA/cI, pLux/cI, Lacl, LacIQ, pLacIQ1, pLas/cI, pLas/Lux, pLux/Las, pRecA with LexA binding site,
reverse BBa_R0011, pLacI/ara-1, pLacIq, rrnB PI, cadC, hns, PfhuA, pBad/araC, nhaA, OmpF, RcnR), σ S promoters
(e.g., Lutz-Bujard LacO with alternative sigma factor σ 38), σ 32 promoters (e.g., Lutz-Bujard LacO with alternative sigma
factor σ 32), σ 54 promoters (e.g., glnAp2); negatively regulated B. subtilis promoters such as repressible B. subtilis σ
A promoters (e.g., Gram-positive IPTG-inducible, Xyl, hyper-spank), σ promoters, and the BioFAB promoters disclosed
in Mutalik VK et al (Nature Methods, 2013, 10: 354-360, see in particular the supplementary data) as well as on the
BioFAB website (http://biofab.synberc.org/data). Other inducible microbial promoters and/or bacterial promoters may
be used in accordance with the present invention. An inducible promoter for use in accordance with the present disclosure
may be induced by (or repressed by) one or more physiological condition(s), such as changes in pH, temperature,
radiation, osmotic pressure, saline gradients, cell surface binding, and the concentration of one or more extrinsic or
intrinsic inducing agent(s). The extrinsic inducer or inducing agent may comprise, without limitation, amino acids and
amino acid analogs, saccharides and polysaccharides, nucleic acids, protein transcriptional activators and repressors,
cytokines, toxins, petroleum-based compounds, metal containing compounds, salts, ions, enzyme substrate analogs,
hormones or combinations thereof.
[0056] Particularly preferred bacterial promoters for use in accordance with the present invention may be selected
from constitutive promoters regulated by σ 70 such as the promoters of the Anderson collection (http://parts.igem.org/Pro-
moters/Catalog/Anderson): BBa_J23100, BBa_J23101, BBa_J23102, BBa_J23103, BBa_J23104, BBa_J23105,
BBa_J23106, BBa_J23107, BBa_J23108, BBa_J23109, BBa_J23110, BBa_J23111, BBa_J23112, BBa_J23113,
BBa_J23114, BBa_J23115, BBa_J23116, BBa_J23117, BBa_J23118, and BBa_J23119.
[0057] In some embodiments of the present invention, a promoter may or may not be used in conjunction with an
"enhancer," which refers to a ds-acting regulatory sequence involved in the transcriptional activation of a nucleic acid
sequence downstream of the promoter. The enhancer may be located at any functional location before or after the
promoter.
[0058] In some embodiments, a vector of the invention may comprise a terminator sequence, or terminator. A "termi-
nator," as used herein, is a nucleic acid sequence that causes transcription to stop. A terminator may be unidirectional
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or bidirectional. It is comprised of a DNA sequence involved in specific termination of an RNA transcript by an RNA
polymerase. A terminator sequence prevents transcriptional activation of downstream nucleic acid sequences by up-
stream promoters. Thus, in certain embodiments, a terminator that ends the production of an RNA transcript is contem-
plated. A terminator may be necessary in vivo to achieve desirable gene/protein expression levels.
[0059] The most commonly used type of terminator is a forward terminator. When placed downstream of a nucleic
acid sequence that is usually transcribed, a forward transcriptional terminator will cause transcription to abort. In some
embodiments, bidirectional transcriptional terminators are provided, which usually cause transcription to terminate on
both the forward and reverse strand. In some embodiments, reverse transcriptional terminators are provided, which
usually terminate transcription on the reverse strand only. In prokaryotic systems, terminators usually fall into two cat-
egories (1) rho-independent terminators and (2) rho-dependent terminators. Rho-independent terminators are generally
composed of palindromic sequence that forms a stem loop rich in G-C base pairs followed by a string of uracil bases.
[0060] Terminators for use in accordance with the present invention include any terminator of transcription described
herein or known to one of ordinary skill in the art. Examples of terminators include, without limitation, the termination
sequences of genes such as, for example, the bovine growth hormone terminator, and viral termination sequences such
as, for example, the TO terminator, the TE terminator, Lambda T1 and the T1T2 terminator found in bacterial systems.
In some embodiments, the termination signal may be a sequence that cannot be transcribed or translated, such as those
resulting from a sequence truncation.
[0061] Terminators for use in accordance with the present invention also include terminators disclosed in Chen YJ et
al (2013, Nature Methods, 10: 659-664), and the BioFAB terminators disclosed in Cambray G et al (Nucl Acids Res,
2013, 41(9): 5139-5148).
[0062] Other genetic elements are known in the art and may be used in accordance with the present disclosure.
[0063] As used herein, the term "codon usage table" refers to a database giving the codons, the amino acid encoded
by each codon, and the frequency at which these codons are found for a defined type of amino acid.
[0064] As used herein, the term "meet the codon usage" refers to an optimization of the codon frequencies in a nucleic
acid in order to be the closest as possible to the codon frequencies in the codon usage table for a considered host or
group of hosts.
[0065] As used herein, the term "modification", "change", and "mutation" are used interchangeably and refer to a
change in an amino acid or nucleic acid sequence such as a substitution, an insertion, and/or a deletion.
[0066] By "substitution" herein is meant the replacement of a nucleotide or an amino acid at a particular position in a
parent nucleic acid or amino acid sequence with another nucleotide or amino acid.
[0067] By "insertion" is meant the addition of a nucleic acid or amino acid at a particular position in a parent nucleic
acid or amino acid sequence.
[0068] By "deletion" is meant the removal of a nucleotide or amino acid at a particular position in a parent acid nucleic
or amino acid sequence.
[0069] The nucleotide substitution may be neutral. A neutral nucleotide substitution is the replacement of a given
nucleotide by another nucleotide, resulting in a codon that codes for the same amino acid. Codons that code for the
same amino acid are given by a codon usage table.
[0070] The amino acid substitutions may be conservative. A conservative substitution is the replacement of a given
amino acid residue by another residue having a side chain ("R-group") with similar physico-chemical properties (e.g.,
charge, bulk and/or hydrophobicity). In general, a conservative amino acid substitution will not substantially change the
functional properties of a protein. Conservative substitutions and the corresponding rules are well-described in the state
of the art. For instance, conservative substitutions can be defined by substitutions within the groups of amino acids
reflected in the following tables:

Table 1 - Amino Acid Residue

Amino Acid groups Amino Acid Residues

Acidic Residues D and E

Basic Residues K, R, and H

Hydrophilic Uncharged Residues S, T, N, and Q

Aliphatic Uncharged Residues G, A, V, L, and I

Non-polar Uncharged Residues C, M, and P

Aromatic Residues F, Y, and W



EP 3 358 015 A1

9

5

10

15

20

25

30

35

40

45

50

55

[0071] Additional groups for conservative substitutions are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-
arginine, alanine-valine, and asparagine-glutamine.
[0072] As used herein, the term "parent sequence" refers to an unmodified nucleic acid or amino acid sequence that
is subsequently modified to generate a variant.
[0073] As used herein, the terms "variant sequence" or "variant" are equivalent and refer to a nucleic acid sequence
or an amino acid sequence that differs from that of a parent sequence by virtue of at least one modification. The variants
may comprise one or several substitutions, and/or, one or several insertions, and/or one or several deletions. In some
embodiments, the nucleic acid variant may comprise one or several neutral substitutions. In some other embodiments,
the amino acid variant may comprise one or several conservative substitutions.
[0074] As used herein, the terms "restriction site" and "restriction enzyme site" are equivalent and refer to locations
on a nucleic acid containing specific sequences of nucleotides, which are recognized by restriction enzymes. Restriction
sites are generally palindromic sequences of 4-8 base pairs in length.
[0075] In a restriction site sequence N means that the nucleotide can be A, C, G or T; B means that the nucleotide
can be C, G or T; Y means that the nucleotide can be C or T; W means that the nucleotide can be A or T; R means that
the nucleotide can be A or G; and D means A, G or T.
[0076] As used herein, the terms "restriction enzyme" and "restriction endonuclease" are equivalent and refer to an
enzyme that cuts nucleic acids at or near restriction sites. Restriction enzymes are commonly classified into four types
(types I to type IV). The REBASE database allow to list the restriction sites that a given bacterium can recognize according
to the restriction enzymes that it expresses.
[0077] As used herein, the term "bacterium" or "bacteria" refers to any prokaryotic microorganisms that exist as a
single cell or in a cluster or aggregate of single cells. The term "bacterium" encompasses all variants of bacteria (e.g.,
endogenous bacteria, which naturally reside in a closed system, environmental bacteria or bacteria released for biore-
mediation or other efforts). Bacteria of the present disclosure include bacterial subdivisions of Eubacteria and Archae-
bacteria. Eubacteria can be further subdivided into Gram-positive and Gram-negative Eubacteria, which depend upon
a difference in cell wall structure. Also included herein are those classified based on gross morphology alone (e.g., cocci,
bacilli). In some embodiments, the bacteria are Gram-negative cells, and in some embodiments, the bacteria are Gram-

Table 2 - Alternative Conservative Amino Acid Residue Substitution Groups

1 Alanine (A) Serine (S) Threonine (T)

2 Aspartic acid (D) Glutamic acid (E)

3 Asparagine (N) Glutamine (Q)

4 Arginine (R) Lysine (K)

5 Isoleucine (I) Leucine (L) Methionine (M)

6 Phenylalanine (F) Tyrosine (Y) Tryptophan (W)

Table 3 - Further Alternative Physical and Functional Classifications of Amino Acid Residues

Alcohol group-containing residues S and T

Aliphatic residues I, L, V, and M

Cycloalkenyl-associated residues F, H, W, and Y

Hydrophobic residues A, C, F, G, H, I, L, M, R, T, V, W, and Y

Negatively charged residues D and E

Positively charged residues K, R and H

Polar residues C, D, E, H, K, N, Q, R, S, and T

Small residues A, C, D, G, N, P, S, T, and V

Very small residues A, G, and S

Residues involved in turn formation A, C, D, E, G, H, K, N, Q, R, S, P, and T

Flexible residues E, Q, T, K, S, G, P, D, E, and R
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positive cells.
[0078] As used herein, the term "microbiome" or "microbiota" are equivalent and refers to the ecological community
of commensal, symbiotic, and pathogenic microorganisms that literally share the body space of a subject. Preferably a
human subject.
[0079] The microbiome can be specific of a given species, body area, body part, organ or tissue. As such, the term
human microbiome, as used herein, refers to the ecological community of commensal, symbiotic, and pathogenic mi-
croorganisms that comprise the microbiome of humans.
[0080] As used herein, the term "infection" refers to the invasion of an organism’s body tissues by disease-causing
bacteria, their multiplication, and the reaction of host tissues to these bacteria and eventually the toxins they produce.
[0081] The terms "infectious agent", "microbial agent", "pathogen", "disease-causing microorganism", and "virulent
bacterium", as used herein, are equivalent and refer to a bacterium that causes infection.
[0082] Virulent bacteria according to the invention also include antibacterial resistance bacteria.
[0083] As used herein, the terms "antibiotic" and "antibacterial" are equivalent and refer to a type of antimicrobial
active ingredient used in the treatment and prevention of bacterial infections.
[0084] The terms "antibacterial resistance", as used herein, refers to the ability of a bacterium to resist the effects of
medication previously used to treat them.
[0085] As used herein, the term "treatment", "treat" or "treating" refers to any act intended to ameliorate the health
status of patients such as therapy, prevention, prophylaxis and retardation of the infection. In certain embodiments, such
term refers to the amelioration or eradication of the infection or symptoms associated with it. In other embodiments, this
term refers to minimizing the spread or worsening of the infection resulting from the administration of one or more
therapeutic agents to a subject with such a disease.
[0086] As used herein, the terms "subject", "individual" or "patient" are interchangeable and refer to an animal, pref-
erably to a mammal, even more preferably to a human, including adult, child, new-borns and human at the prenatal
stage. However, the term "subject" can also refer to non-human animals, in particular mammals such as dogs, cats,
horses, cows, pigs, sheep, donkeys, rabbits, ferrets, gerbils, hamsters, chinchillas, rats, mice, guinea pigs and non-
human primates, among others, that are in need of treatment.
[0087] The terms "quantity," "amount," and "dose" are used interchangeably herein and may refer to an absolute
quantification of a molecule.
[0088] As used herein, the terms "active principle", "active ingredient" and "active pharmaceutical ingredient" are
equivalent and refers to a component of a pharmaceutical composition having a therapeutic effect.
[0089] As used herein, the term "therapeutic effect" refers to an effect induced by an active ingredient, a pharmaceutical
or veterinary composition, a kit, a product or a combined preparation according to the invention, capable to prevent or
to delay the appearance of an infection, or to cure or to attenuate the effects of an infection.
[0090] As used herein, the term "effective amount" refers to a quantity of an active ingredient or of a pharmaceutical
or veterinary composition which prevents, removes or reduces the deleterious effects of the infection. It is obvious that
the quantity to be administered can be adapted by the man skilled in the art according to the subject to be treated, to
the nature of the infection, etc. In particular, doses and regimen of administration may be function of the nature, of the
stage and of the severity of the infection to be treated, as well as of the weight, the age and the global health of the
subject to be treated, as well as of the judgment of the doctor.
[0091] As used herein, the term "consisting essentially in" is intended to refer to a pharmaceutical or veterinary com-
position that does not comprise any other active ingredient.
[0092] In the present document, the term « about » refers to a range of values of 6 10% of the specified value. For
example, « about 50 » comprise values of 6 10% of 50, i.e. values in the range between 45 and 55. Preferably, the term
« about » refers to a range of values of 6 5% of the specified value.

Vector

[0093] In a first aspect, the invention relates to a vector comprising no more than 100 90, 80, 70, 60, 50, 40, 30, 20,
10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s).
[0094] Vectors are well known from the man skilled in the art. The vector according to the invention may be a DNA
vector or a RNA vector. The vector may comprise an origin of replication, a selectable marker, and a suitable site for
the insertion of a gene such as a multiple cloning site.
[0095] Preferably, the vector is an expression vector, preferably a vector that allows expression in a bacterium.
[0096] The expression vector according to the invention may comprise a promoter, a translation initiation sequence
such as a ribosomal binding site and a start codon, a termination codon, and a transcription termination sequence. The
expression vector according to the invention may also comprise regulatory regions such as enhancers, silencers and
boundary elements/insulators to direct the level of transcription of a given gene.
[0097] The expression vector can be a vector for stable or transient expression of a gene. The vector according to the
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invention may be selected from the group consisting of plasmids, bacteriophage genomes, phagemids, virus genomes,
cosmids, and artificial chromosomes. Preferably, the vector according to the invention is a bacteriophage genome or a
phagemid.
[0098] In a preferred embodiment, the vector according to the invention is a bacteriophage genome. The bacteriophage
genome according to the invention comprises all the genes that are needed for its replication within the bacterium, the
formation of new virions and their release.
[0099] The bacteriophage genome according to the invention may the genome of a bacteriophage selected from the
group consisting of IKe, CTX-ϕ, Pf1, Pf2, Pf3, Myoviridae (such as P1-like, P2-like, Mu-like, SPO1-like, and phiH-like
bacteriophages); Siphoviridae (such as λ-like, γ-like, Tl-like, c2-like, L5-like, psiMl-like, phiC31-like, and N15-like bacte-
riophages); Podoviridae (such as phi29-like, P22-like, and N4-like bacteriophages); Tectiviridae (such as Tectivirus);
Corticoviridae (such as Corticovirus); Lipothrixviridae (such as Alphalipothrixvirus, Betalipothrixvirus, Gammalipothrix-
virus, and Deltalipothrixvirus); Plasmaviridae (such as Plasmavirus); Rudiviridae (such as Rudivirus); Fuselloviridae
(such as Fusellovirus); Inoviridae (such as Inovirus, Plectrovirus, M13-like and fd-like bacteriophages); Microviridae
(such as Microvirus, Spiromicrovirus, Bdellomicrovirus, and Chlamydiamicrovirus); Leviviridae (such as Levivirus, and
Allolevivirus), Cystoviridae (such as Cystovirus), coliphages (e.g., infects Escherichia coli), B1 (e.g. infects Bacteroides
thetaiotamicron), ATCC 51477-B1, B40-8, or Bf-1 (e.g. infects B. fragilis), phiHSCO1 - e.g. infects B. caccae), phiHSC02
(e.g. infects B. ovatus), phiC2, phiC5, phiC6, phiC8, phiCD119, or phiCD27 (e.g. infects Clostridium difficile), KP01K2,
K11, Kpn5, KP34, or JDOO1 (e.g. infects Klebsiella pneumoniae), phiNMl or 80alpha (e.g. infects Staphylococcus
aureus), IME-EF1 (e.g. infects Enterococcus faecalis), ENB6 or C33 (e.g. infects Enterococcus faecium), and phiKMV,
PAK-P1, LKD16, LKA1, delta, sigma-1, J-1 (e.g. infects Pseudomonas aeruginosa), T2, T4, T5, T7, RB49, phiX174,
R17, PRD1 bacteriophages, and any bacteriophage derived thereof.
[0100] The bacteriophage genome according to the invention may be the genome of a bacteriophage having a lytic
or a non-lytic cycle of replication.
[0101] Genomes of bacteriophages having a non-lytic cycle of replication according to the invention may be selected
from the group consisting of IKe, CTX-ϕ, Pf1, Pf2, Pf3, Myoviridae (such as Pl-like, P2-like, Mu-like, SPO1-like, and
phiH-like bacteriophages); Siphoviridae (such as λ-like, γ-like, Tl-like, c2-like, L5-like, psiMl-like, phiC31-like, and N15-
like bacteriophages); Podoviridae (such as phi29-like, P22-like, and N4-like bacteriophages); Tectiviridae (such as Tec-
tivirus); Corticoviridae (such as Corticovirus); Lipothrixviridae (such as Alphalipothrixvirus, Betalipothrixvirus, Gam-
malipothrixvirus, and Deltalipothrixvirus); Plasmaviridae (such as Plasmavirus); Rudiviridae (such as Rudivirus); Fusell-
oviridae (such as Fusellovirus); Inoviridae (such as Inovirus, Plectrovirus, M13-like and fd-like bacteriophages); Micro-
viridae (such as Microvirus, Spiromicrovirus, Bdellomicrovirus, and Chlamydiamicrovirus); Leviviridae (such as Levivirus,
and Allolevivirus), Cystoviridae (such as Cystovirus), coliphages (e.g., infects Escherichia coli), B1 (e.g. infects Bacter-
oides thetaiotamicron), ATCC 51477-B1, B40-8, or Bf-1 (e.g. infects B. fragilis), phiHSCO1 - e.g. infects B. caccae),
phiHSC02 (e.g. infects B. ovatus), phiC2, phiC5, phiC6, phiC8, phiCD119, or phiCD27 (e.g. infects Clostridium difficile),
KP01K2, K11, Kpn5, KP34, or JDOO1 (e.g. infects Klebsiella pneumoniae), phiNMl or 80alpha (e.g. infects Staphylo-
coccus aureus), IME-EF1 (e.g. infects Enterococcus faecalis), ENB6 or C33 (e.g. infects Enterococcus faecium), and
phiKMV, PAK-P1, LKD16, LKA1, delta, sigma-1, J-1 (e.g. infects Pseudomonas aeruginosa) bacteriophages, and any
bacteriophage derived thereof.
[0102] Preferably, the genomes of bacteriophages having a non-lytic cycle of replication according to the invention
are selected from the group consisting of P2-like and Lambda-like (λ-like) bacteriophages. More preferably, the genomes
of bacteriophages having a non-lytic cycle of replication according to the invention are selected from Lambda-like bac-
teriophages, preferably from the group consisting of HK022, mEP237, HK97, HK629, HK630, mEP043, mEP213,
mEP234, mEP390, mEP460, mEPx1, mEPx2, phi80, mEP234 bacteriophages, and any bacteriophage derived thereof.
[0103] Genomes of bacteriophages having a lytic cycle of replication according to the invention may be selected from
the group consisting of the genomes of T2, T4, T5, T7, RB49, phiX174, R17, PRD1 bacteriophages, and any bacteri-
ophage derived thereof.
[0104] Genomes of other bacteriophages may be used in accordance with the present invention.
[0105] Preferably, the bacteriophage genome according to the invention is the genome of a lethal bacteriophage.
[0106] Alternatively, the bacteriophage genome according to the invention is the genome of a non-lethal bacteriophage.
[0107] In another preferred embodiment, the vector according to the invention is a phagemid. The phagemid according
to the invention comprises a phage packaging site and optionally a plasmid origin of replication (ori). Preferably, the
phagemid according to the invention does not comprise a plasmid origin of replication and thus cannot replicate by itself
once injected into a bacterium.
[0108] Phagemids according to the invention may be selected from the group consisiting of lambda derived phagemids,
P4 derived phagemids, M13-derived phagemids, such as the ones containing the f1 origin for filamentous phage pack-
aging such as, for example, pBluescript II SK (+/-) and KS (+/-) phagemids, pBC SK and KS phagemids, pADL and P1
derived phagemids (see, e.g., Westwater CA et al., Microbiology 148, 943-50 (2002); Kittleson JT et al., ACS Synthetoc
Biology 1, 583-89 (2012); Mead DA et al, Biotechnology 10, 85-102 (1988)).
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[0109] Preferably, phagemids according to the invention are selected from lambda derived phagemids and P4 derived
phagemids.
[0110] More preferably, phagemids according to the invention are selected from lambda derived phagemids, preferably
selected from the group consisiting of HK022 derived phagemids, mEP237 derived phagemids, HK97 derived phagemids,
HK629 derived phagemids, HK630 derived phagemids, mEP043 derived phagemids, mEP213 derived phagemids,
mEP234 derived phagemids, mEP390 derived phagemids, mEP460 derived phagemids, mEPx1 derived phagemids,
mEPx2 derived phagemids, phi80 derived phagemids, mEP234 derived phagemids.
[0111] Other phagemids may be used in accordance with the present invention.
[0112] For instance, the vector according to the invention, preferably a bacteriophage genome or a phagemid, may
also comprise a sequence of interest. The sequence of interest can be for instance a sequence capable of killing a
bacteria, of modulating the expression of a gene, especially suppressing the expression or increasing the expression
of one or several genes, or of modulating the production of a metabolite, especially decreasing or increasing the expression
of one or several metabolites.
[0113] For instance, the vector according to the invention, preferably a bacteriophage genome or a phagemid, may
also comprise additional genes, in particular genes that are aimed to be expressed in bacteria of interest.
[0114] In one embodiment, the vector may comprise a sequence of interest, for instance a sequence encoding a
protein of interest.
[0115] In a particular embodiment, a programmable nuclease circuits can be added to the vector so as to be delivered
to bacteria of interest. This programmable nuclease circuit may be able to mediate in vivo sequence-specific elimination
of bacteria that contain a target gene of interest (e.g. a gene that is harmful to humans). Some embodiments of the
present disclosure relate to engineered variants of the Type II CRISPR-Cas (Clustered Regularly Interspaced Short
Palindromic Repeats-CRISPR-associated) system of Streptococcus pyogenes, which can be used in accordance with
the present disclosure to reverse antibiotic resistance in, or specifically destroy, a wide range of microbial organisms.
Other programmable nucleases that can be used in accordance with the present disclosure include other CRISPR-Cas
systems, engineered TALEN (Transcription Activator-Like Effector Nuclease) variants and engineered zinc finger nu-
clease (ZFN) variants. Thus, the engineered autonomously distributed circuits provided herein, in some embodiments,
may be used to selectively cleave DNA encoding a gene of interest such as, for example, a toxin gene, a virulence factor
gene, an antibiotic resistance gene, a remodeling gene or a modulatory gene (cf. WO2014124226 and US2015/0064138).
[0116] Other genetic circuits, preferably programmable, can be added to the vector so as to be delivered to bacteria
of interest. Preferably, the genetic circuit added to the vector leads to cell death of the bacteria of interest. For example,
the genetic circuit added to the vector may encodes holins or toxins. Alternatively, the genetic circuit added to the vector
does not lead to bacteria death. For example, the genetic circuit may encode reporter genes leading to a luminescence
or fluorescence signal. Alternatively, the genetic circuit may comprise proteins and enzymes achieving a useful function
such as modifying the metabolism of the bacteria or the composition of its environment.

Delivery vehicle

[0117] The vector according to the invention is preferably included in a delivery vehicle that allows the transfer of the
vector into a bacterium of interest. The invention thus relates, in a second aspect, to a vector included in a delivery
vehicle, the vector comprising no more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s).
[0118] Delivery vehicle are well known from the man skilled in the art. There is several common types of delivery
vehicle including, without limitation, chemical based delivery vehicle, non-chemical-based delivery vehicles, particle-
based delivery vehicles, nanoparticle-based delivery vehicles, donor bacteria, bacteriophage scaffold, and virus scaffold.
[0119] Chemical based delivery vehicle according to the invention may be selected from the group consisting of
cyclodextrin, calcium phosphate, cationic polymers, cationic liposomes, and a mixture thereof.
[0120] Non-chemical based delivery vehicle according to the invention may be selected from the group consisting of
electroporation, sonoporation, optical transfection, and a mixture thereof.
[0121] Particle based delivery vehicle according to the invention may be selected from the group consisting of gene
gun, magnetofection, impalefection, particle bombardment, cell-penetrating peptides and a mixture thereof.
[0122] Nanoparticle based delivery vehicle can be, for example, nucleic acid nanocages.
[0123] Donor bacteria may be delivery vehicle for conjugative plasmids. Donor bacteria according to the invention
include, without limitation, commensal bacteria and probiotic bacteria.
[0124] In a preferred embodiment, the delivery vehicle according to the invention is a bacteriophage scaffold. Preferably,
the vector included in the bacteriophage scaffold is a bacteriophage genome or a phagemid.
[0125] Thus, in a particularly preferred embodiment, the invention concern a bacteriophage or a packaged phagemid
comprising no more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s).
[0126] The bacteriophage genome or the phagemid can be made to work with bacteriophage scaffolds from natural,
engineered or evolved bacteriophages. Preferably, the bacteriophage scaffold is from natural bacteriophages.
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[0127] Preferably, the bacteriophage according to the invention comprises a bacteriophage genome and a bacteri-
ophage scaffold of same origin, i.e. from the same species, preferably from the same strain. Even more preferably, the
bacteriophage scaffold according to the invention is assembled from the proteins encoded by the genes of the bacteri-
ophage genome.
[0128] Preferably, the packaged phagemid according to the invention comprises a bacteriophage scaffold which is of
same origin as the bacteriophage genes of the phagemid, i.e. the bacteriophage scaffold of the packaged phagemid is
a bacteriophage scaffold of the same species, preferably the same strain, as the bacteriophage DNA from which the
phagemid is derived.
[0129] The bacteriophage or the packaged phagemid according to the invention may be lethal or non-lethal. Preferably,
the bacteriophage or packaged phagemid according to the invention is a lethal bacteriophage or a lethal packaged
phagemid. Alternatively, the bacteriophage or packaged phagemid according to the invention is a non-lethal bacteri-
ophage or a non-lethal packaged phagemid.

Number of restriction site

[0130] The vector according to the invention, preferably included in a delivery vehicle, comprises no more than 100
restriction sites. Preferably, the vector according to the invention, preferably included in a delivery vehicle, comprises
no more than 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restrictions site(s). In a preferred embodiment,
the vector according to the invention, preferably included in a delivery vehicle, comprises no more than 10 restriction
sites. In a most preferred embodiment, the vector according to the invention, preferably included in a delivery vehicle,
doesn’t comprise any restriction site.
[0131] In a particular embodiment, the invention concerns a vector, preferably a vector included in a delivery vehicle,
in which at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% of the restriction sites originally present in the
vector have been removed. The expression "originally present", as used herein, refers to the number of restriction
enzymes naturally present in the vector or present after construction or modification of the vector but before any attempt
to reduce the number of restriction enzymes. The man skilled in the art can use restriction sites databases such as the
REBASE database to identify all the restriction sites present in a given vector.
[0132] In a preferred embodiment, the invention concerns a bacteriophage genome or a phagemid comprising no
more than 100 restriction sites. Preferably, the bacteriophage genome or phagemid according to the invention comprises
no more than 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restrictions site(s). In a preferred embodiment,
the bacteriophage genome or phagemid according to the invention comprises no more than 10 restriction sites. In a
most preferred embodiment, the bacteriophage genome or phagemid according to the invention comprises no restriction
sites.
[0133] In a particular embodiment, the invention concerns a bacteriophage genome or a phagemid in which at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% of the restriction sites originally present in the bacteriophage
genome or the phagemid have been removed.
[0134] In an even more preferred embodiment, the invention concerns a bacteriophage or a packaged phagemid
comprising no more than 100 restriction sites. Preferably, the bacteriophage or packaged phagemid according to the
invention comprises no more than 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restrictions site(s). In a
preferred embodiment, the bacteriophage or packaged phagemid according to the invention comprises no more than
10 restriction sites. In a most preferred embodiment, the bacteriophage or packaged phagemid according to the invention
comprises no restriction sites.
[0135] In a particular embodiment, the invention concerns a bacteriophage or a packaged phagemid in which at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% of the restriction sites originally present in the bacteriophage
or the packaged phagemid have been removed.
[0136] In a first aspect, the restriction sites are the restriction sites recognized by a bacterial strain of interest, i.e. by
the restriction enzyme expressed by the bacterial strain of interest.
[0137] In a second aspect, the restriction sites are the restriction sites recognized by each bacterial strain of a group
of bacterial strains of interest, i.e. by the restriction enzymes expressed by each bacterial strain of the bacterial strains
of interest. Preferably, the bacterial strains of the group of bacterial strains are from the same bacterial species.
[0138] In a third aspect, the restriction sites are the restriction sites recognized by a bacterial species of interest, i.e.
by the restriction enzyme expressed by the bacterial species of interest.
[0139] In a fourth aspect, the restriction sites are the restriction sites recognized by each bacterial species of a group
of bacterial species of interest, i.e. by the restriction enzymes expressed by each bacterial species of the bacterial
species of interest. Preferably, the bacterial species of the group of bacterial species are from the same bacterial genus.
[0140] In a fifth aspect, the restriction sites are the restriction sites recognized by a bacterial genus of interest, i.e. by
the restriction enzyme expressed by the bacterial genus of interest.
[0141] In a sixth aspect, the restriction sites are all the restriction sites that can be recognized by the bacteria, i.e. by
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the restriction enzymes expressed by all the bacteria.
[0142] A list of the restriction sites recognized by the restriction enzymes of a bacterial strain, a group of bacterial
strains, a bacterial species, a group of bacterial species, or a bacterial genus of interest cab be established by the man
skilled in the art on the basis of restrictions sites databases such as REBASE.
[0143] In a particular embodiment, the present invention concerns a vector, preferably a vector included in a delivery
vehicle, which comprises no more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restrictions site(s)
from a list of restriction sites. Preferably, the vector, preferably a vector included in a delivery vehicle, doesn’t comprise
any restriction site from a list of restriction sites. Said list of restriction sites comprise at least 1 restriction site sequence.
Preferably, said list of restriction sites comprises at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000 restriction site sequences. Preferably, said list of restriction sites comprises
at least 1%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 100% of the known restriction sites. More
preferably, said list of restriction sites comprises at least 1%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
99%,100% of the restriction sites known to be recognized by the restriction enzymes of a given bacterial genus, group
of species, species, group of strains, or strain of interest.
[0144] Preferably, the vector according to the invention is bacteriophage genome or a phagemid.
[0145] More preferably, the vector according to the invention is a bacteriophage or a packaged phagemid.
[0146] The man skilled in the art can establish such a list on the basis of databases such as REBASE. In a particular
embodiment, said list of restriction sites comprises all the restriction enzymes sequences disclosed on the REBASE
database. Alternatively, said list of restriction sites comprises all the restriction enzymes sequences disclosed on the
REBASE database that are recognized by the restriction enzymes of a given bacterial genus, group of species, species,
group of strains, or strain of interest.
[0147] Techniques for modifying the number of restriction sites in a vector are well know from the man skilled in the
art. Specific databases, such as REBASE, can be used to identify the restriction sites and the corresponding restriction
enzyme in a vector. Restriction sites can then be modified, for instance, one by one until the desired number or percentage
of restriction sites is reached.
[0148] By modification of a restriction site is intended that the modified sequence of the restriction site present at least
one nucleotide difference with its non-modified sequence and that the restriction enzyme cannot recognized the restriction
site anymore.
[0149] Modification of a restriction site can be done by deletion of a part or of the totality of the restriction site or by
nucleotide substitution of at least one nucleotide of the restriction site.
[0150] Preferably, restriction sites in non-coding region of the vector are modified first and restriction sites of coding
regions of the vector are modified only if the desired number or percentage of restriction sites is not reached after that
all the restriction sites in non-coding regions have been modified.
[0151] Optionally, deletion are only performed in non-coding region.
[0152] Substitutions in restriction sites are preferably neutral substitutions, in particular in coding regions. A codon
usage table can be used to determinate the possible neutral substitutions.
[0153] When no neutral substitutions are available in a restriction site and no other restriction sites can be modified,
nucleotide mutations leading to conservative amino acid mutations can be performed.
[0154] When a restriction site comprise a nucleotide of the "N" type, substitutions will occur in non-N nucleotides.
[0155] Preferably, substitutions are chosen so as to meet the codon usage of the bacteria.
[0156] The vector can be modified either by mutation, for instance by direct mutagenesis, or any suitable technique
known by the person skilled in the art, or when the sequence has been designed, by nucleic acid synthesis (see for
example Huges RA et al, 2017, Cold Spring Harb Perspect Biol, 9:a023812).
[0157] In particular, classical cloning techniques well known by the mabn skilled in the art can be used to modify
restriction sites. These techniques include without limitation restriction enzyme cloning, gibson assembly, and inverse
PCR.
[0158] For example, bacteriophages can be mutated by yeast-mediated cloning (see for example Joska TM et al,
2014, Journal of Microbiological Methods, 100: 46-51). Other mutation methods include without limitation Lambda Red-
mediated insertions/deletions (see for example Murphy KC, 1998, J Bacteriol., 180(8): 2063-71), multiplex automated
genome engineering (MAGE) (see for example Wang HH et al, 2009, Nature, 460(7257): 894-898), Cas9-mediated
mutations (see for example Jiang Yu et al, 2015, Appl. Environ. Microbiol., 81(7): 2506-2514).

Bacteria of interest

[0159] In a particular embodiment, the invention concerns a vector according to the invention, preferably included in
a delivery vehicle, comprising no more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction sites
recognized by the restriction enzymes encoded by each bacterium of a group of bacteria of interest. In a preferred
embodiment, the vector according to the invention, preferably included in a delivery vehicle, comprises no more than
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10 restriction sites recognized by the restriction enzymes encoded by each bacterium of a group of bacteria of interest.
In a most preferred embodiment, the vector according to the invention, preferably included in a delivery vehicle, doesn’t
comprise any restriction site recognized by the restriction enzymes encoded by each bacterium of a group of bacteria
of interest.
[0160] In an alternative embodiment, the invention concerns a vector, preferably a vector included in a delivery vehicle,
in which at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% of the restriction sites recognized by the
restriction enzymes encoded by each bacterium of a group of bacteria of interest and originally present in the vector
have been removed.
[0161] Preferably, the group of bacteria of interest consists of a group of n bacterial species, n being a positive integer
comprised between 1 and about 100, preferably between 1 and about 50, more preferably between 1 and about 10, still
preferably between 1 and about 5, even more preferably the group of bacteria of interest consists of a single bacterial
species. Preferably, the bacterial species according to the invention are selected from a single genus.
[0162] More preferably, the group of bacteria of interest consists of a group of n bacterial strains, n being a positive
integer comprised between 1 and about 1000, preferably between 1 and about 500, more preferably between 1 and
about 250, still preferably between 1 and about 100, even more preferably between 1 and about 50. In a most preferred
embodiment, the group of bacteria of interest consists of a group of n bacterial strains, n being a positive integer comprised
between 1 and about 30, preferably between 1 and about 20, more preferably between 1 and about 10, even more
preferably between 1 and about 5. In a particular embodiment, the group of bacteria of interest consists of a single
bacterial strain. Preferably, the bacterial strains according to the invention are selected from a single species.
[0163] The bacteria of interest according to the invention may be Eubacteria or Archaebacteria, preferably Eubacteria.
The bacteria of interest according to the invention can be Gram-positive or Gram-negative Eubacteria.
[0164] In a preferred embodiment, the bacteria of interest according to the invention are virulent bacteria.
[0165] In another preferred embodiment, the bacteria of interest according to the invention are antibacterial resistance
bacteria.
[0166] In yet another preferred embodiment, the bacteria of interest are different strains of the same species.
[0167] Examples of bacteria of interest according to the present invention include, without limitation, bacteria from
Yersinia spp., Escherichia spp., Klebsiella spp., Acinetobacter spp., Bordetella spp., Neisseria spp., Aeromonas spp.,
Franciesella spp., Corynebacterium spp., Citrobacter spp., Chlamydia spp., Hemophilus spp., Brucella spp., Mycobac-
terium spp., Legionella spp., Rhodococcus spp., Pseudomonas spp., Helicobacter spp., Vibrio spp., Bacillus spp., Ery-
sipelothrix spp., Salmonella spp., Streptomyces spp., Streptococcus spp., Staphylococcus spp., Bacteroides spp., Prevo-
tella spp., Clostridium spp., Bifidobacterium spp., , Clostridium spp., Brevibacterium spp., Lactococcus spp., Leuconostoc
spp., Actinobacillus spp., Selnomonas spp., Shigella spp., Zymonas spp., Mycoplasma spp., Treponema spp., Leucon-
ostoc spp., Corynebacterium spp., Enterococcus spp., Enterobacter spp., Pyrococcus spp., Serratia spp., Morganella
spp., Parvimonas spp., Fusobacterium spp., Actinomyces spp., Porphyromonas spp., Micrococcus spp., Bartonella spp.,
Borrelia spp.,., Campylobacter spp., Chlamydophilia spp., Ehrlichia spp., Haemophilus spp., Leptospira spp., Listeria
spp., Mycoplasma spp., Nocardia spp., Rickettsia spp., Ureaplasma spp., Lactobacillus spp., or a mixture thereof.
[0168] Preferably, the bacteria of interest according to the present invention are selected from the group consisting
of Yersinia spp., Escherichia spp., Klebsiella spp., Acinetobacter spp., Pseudomonas spp., Helicobacter spp., Vibrio
spp, Salmonella spp., Streptococcus spp., Staphylococcus spp., Bacteroides spp., Clostridium spp., Shigella spp., En-
terococcus spp., Enterobacter spp., and Listeria spp.,
[0169] More preferably, the bacteria of interest according to the present invention are selected from Escherichia spp.
[0170] In a preferred embodiment, the bacteria of interest according to the invention are selected from the group
consisiting of Bacteroides thetaiotaomicron, Bacteroides fragilis, Bacteroides distasonis, Bacteroides vulgatus, Clostrid-
ium leptum, Clostridium coccoides, Staphylococcus aureus, Bacillus subtilis, Clostridium butyricum, Brevibacterium
lactofermentum, Streptococcus agalactiae, Lactococcus lactis, Leuconostoc lactis, Actinobacillus actinobycetemcomi-
tans, cyanobacteria, Escherichia coli, Helicobacter pylori, Selnomonas ruminatium, Shigella sonnei, Zymomonas mobilis,
Mycoplasma mycoides, Treponema denticola, Bacillus thuringiensis, Staphilococcus lugdunensis, Leuconostoc oenos,
Corynebacterium xerosis, Lactobacillus plantarum, Lactobacillus rhamnosus, Lactobacillus casei, Lactobacillus acido-
philus, Enterococcus faecalis, Bacillus coagulans, Bacillus cereus, Bacillus popillae, Synechocystis strain PCC6803,
Bacillus liquefaciens, Pyrococcus abyssi, Selenomonas nominantium, Lactobacillus hilgardii, Streptococcus ferus, Lacto-
bacillus pentosus, Bacteroides fragilis, Staphylococcus epidermidis, Streptomyces phaechromogenes, Streptomyces
ghanaenis, Klebsiella pneumoniae, Enterobacter cloacae, Enterobacter aerogenes, Serratia marcescens, Morganella
morganii, Citrobacter freundii, Pseudomonas aerigunosa, Parvimonas micra, Prevotella intermedia, Fusobacterium nu-
cleatum, Prevotella nigrescens, Actinomyces israelii, Porphyromonas endodontalis, Porphyromonas gingivalis Micro-
coccus luteus, Bacillus megaterium, Aeromonas hydrophila, Aeromonas caviae, Bacillus anthracis, Bartonella henselae,
Bartonella Quintana, Bordetella pertussis, Borrelia burgdorferi, Borrelia garinii, Borrelia afzelii, Borrelia recurrentis, Bru-
cella abortus, Brucella canis, Brucella melitensis, Brucella suis, Campylobacter jejuni, Campylobacter coli, Campylo-
bacter fetus, Chlamydia pneumoniae, Chlamydia trachomatis, Chlamydophila psittaci, Clostridium botulinum, Clostridium
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difficile, Clostridium perfringens, Clostridium tetani, Corynebacterium diphtheria, Ehrlichia canis, Ehrlichia chaffeensis,
Enterococcus faecium, Francisella tularensis, Haemophilus influenza, Legionella pneumophila, Leptospira interrogans,
Leptospira santarosai, Leptospira weilii, Leptospira noguchii, Listeria monocytogenes, Mycobacterium leprae, Myco-
bacterium tuberculosis, Mycobacterium ulcerans, Mycoplasma pneumonia, Neisseria gonorrhoeae, Neisseria menin-
gitides, Nocardia asteroids, Rickettsia rickettsia, Salmonella enteritidis, Salmonella typhi, Salmonella paratyphi, Salmo-
nella typhimurium, Shigella flexnerii, Shigella dysenteriae, Staphylococcus saprophyticus, Streptococcus pneumoniae,
Streptococcus pyogenes, Streptococcus viridans, Treponema pallidum, Ureaplasma urealyticum, Vibrio cholera, Vibrio
parahaemolyticus, Yersinia pestis, Yersinia enterocolitica, Yersinia pseudotuberculosis, Acinetobacter baumanii, Pseu-
domonas aeruginosa, and a mixture thereof. Preferably, the bacteria of interest according to the invention are selected
from the group consisiting of Escherichia coli, Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumanii, Pseudomonas aeruginosa, Enterobacter cloacae, and Enterobacter aerogenes, and a mixture
thereof. More preferably, the bacteria of interest according to the invention are selected from Escherichia coli strains.
Other bacteria may also be selected.
[0171] In another preferred embodiment, the bacteria of interest according to the invention are antibacterial resistance
bacteria, preferably selected from the group consisting of extended-spectrum beta-lactamase-producing (ESBL) Es-
cherichia coli, ESBL Klebsiella pneumoniae, vancomycin-resistant Enterococcus (VRE), methicillin-resistant Staphylo-
coccus aureus (MRSA), multidrug-resistant (MDR) Acinetobacter baumannii, MDR Enterobacter spp., and a combination
thereof. Preferably, the bacteria of interest according to the invention are antibacterial resistance bacteria selected from
the group consisting of extended-spectrum beta-lactamase-producing (ESBL) Escherichia coli strains.
[0172] In yet another embodiment, the bacterium of interest according to the invention is a bacterium of the microbiome
of a given species, preferably a bacterium of the human microbiote.
[0173] In a particular embodiment, the bacteria of interest are selected from Escherichia coli strains and said restriction
sites recognized by the restriction enzymes of Escherichia coli strains are CACNNNNNNNCTGG (SEQ ID NO: 1),
AACNNNNNNGTGC (SEQ ID NO: 2), CACNNNNGTAY (SEQ ID NO: 3), AACNNNNCTTT (SEQ ID NO: 4),
CCANNNNNNNCTTC (SEQ ID NO: 5), TACNNNNNNNRTRTC (SEQ ID NO: 6), GAGNNNNNNNGTCA (SEQ ID NO:
7), TGANNNNNNNNTGCT (SEQ ID NO: 8), AGCANNNNNNTGA (SEQ ID NO: 9), TGANNNNNNCTTC (SEQ ID NO:
10), GAGNNNNNGTTY (SEQ ID NO: 11), GATGNNNNNNTAC (SEQ ID NO: 12), GAANNNNNNRTCG (SEQ ID NO:
13), RTCANNNNNNCTC (SEQ ID NO: 14), GNAGNNNNRTDCA (SEQ ID NO: 15), GAANNNNNNNRTCG (SEQ ID
NO: 16), GGANNNNNNNNATGC (SEQ ID NO: 17), GAGNNNNNTCC (SEQ ID NO: 18), CACNNNNNNNGTTG (SEQ
ID NO: 19), YTCANNNNNNGTTY (SEQ ID NO: 20), GATGNNNNNCTG (SEQ ID NO: 21), CCAYNNNNNGTTY (SEQ
ID NO: 22), RTCANNNNNNNNGTGG (SEQ ID NO: 23), GAANNNNNNNTAAA (SEQ ID NO: 24), TCANNNNNNNRTTC
(SEQ ID NO: 25), GACNNNNNNGTC (SEQ ID NO: 26), TTCANNNNNNNNCTGG (SEQ ID NO: 27), TTANNNNNNNGT-
CY (SEQ ID NO: 28), CCANNNNNNNRTGC (SEQ ID NO: 29), CCANNNNNNNNTGAA (SEQ ID NO: 30), GAGNNNNNN-
NATGC (SEQ ID NO: 31), CAGNNNNNNCGT (SEQ ID NO: 32), GATGNNNNNGGC (SEQ ID NO: 33), GAAABCC
(SEQ ID NO: 34), CCWGG (SEQ ID NO: 35), GGTCTC (SEQ ID NO: 36), CTGCAG (SEQ ID NO: 37), GCCGGC (SEQ
ID NO: 38), RGGNCCY (SEQ ID NO: 39), GTCGAC (SEQ ID NO: 40), GCGCGC (SEQ ID NO: 41), RCCGGY (SEQ ID
NO: 42), CCNGG (SEQ ID NO: 43), AAGCTT (SEQ ID NO: 44), CANCATC (SEQ ID NO: 45), GRCGYC (SEQ ID NO:
46), CYCGRG (SEQ ID NO: 47), GCNGC (SEQ ID NO: 48), YGGCCR (SEQ ID NO: 49), CCGCGG (SEQ ID NO: 50),
GRGCYC (SEQ ID NO: 51), CTGAAG (SEQ ID NO: 52), GGWCC (SEQ ID NO: 53), TGGCCA (SEQ ID NO: 54),
CCWWGG (SEQ ID NO: 55), GGNCC (SEQ ID NO: 56), GAGCTC (SEQ ID NO: 57), GGTACC (SEQ ID NO: 58),
GGCGCC (SEQ ID NO: 59), ACCYAC (SEQ ID NO: 60), GAATTC (SEQ ID NO: 61), GATATC (SEQ ID NO: 62),
CCTNAGG (SEQ ID NO: 63), GGTNACC (SEQ ID NO: 64), ATGCAT (SEQ ID NO: 65), GGYRCC (SEQ ID NO: 66),
AGGCCT (SEQ ID NO: 67), CTCAAT (SEQ ID NO: 68), GCWGC (SEQ ID NO: 69), TCGCGA (SEQ ID NO: 70),
CCTNNNNNAGG (SEQ ID NO: 71), ACCACC (SEQ ID NO: 72), CACAG (SEQ ID NO: 73), GAACC (SEQ ID NO: 74),
GAGAC (SEQ ID NO: 75), CAGCAG (SEQ ID NO: 76), AGACC (SEQ ID NO: 77), and CCGAG (SEQ ID NO: 78).
[0174] In a particular embodiment, the restriction enzymes of Escherichia coli are the following type I Restriction
enzymes: CACNNNNNNNCTGG (SEQ ID NO: 1), AACNNNNNNGTGC (SEQ ID NO: 2), CACNNNNGTAY (SEQ ID
NO: 3), AACNNNNCTTT (SEQ ID NO: 4), CCANNNNNNNCTTC (SEQ ID NO: 5), TACNNNNNNNRTRTC (SEQ ID NO:
6), GAGNNNNNNNGTCA (SEQ ID NO: 7), TGANNNNNNNNTGCT (SEQ ID NO: 8), AGCANNNNNNTGA (SEQ ID NO:
9), TGANNNNNNCTTC (SEQ ID NO: 10), GAGNNNNNGTTY (SEQ ID NO: 11), GATGNNNNNNTAC (SEQ ID NO: 12),
GAANNNNNNRTCG (SEQ ID NO: 13), RTCANNNNNNCTC (SEQ ID NO: 14), GNAGNNNNRTDCA (SEQ ID NO: 15),
GAANNNNNNNRTCG (SEQ ID NO: 16), GGANNNNNNNNATGC (SEQ ID NO: 17), GAGNNNNNTCC (SEQ ID NO:
18), CACNNNNNNNGTTG (SEQ ID NO: 19), YTCANNNNNNGTTY (SEQ ID NO: 20), GATGNNNNNCTG (SEQ ID NO:
21), CCAYNNNNNGTTY (SEQ ID NO: 22), RTCANNNNNNNNGTGG (SEQ ID NO: 23), GAANNNNNNNTAAA (SEQ
ID NO: 24), TCANNNNNNNRTTC (SEQ ID NO: 25), GACNNNNNNGTC (SEQ ID NO: 26), TTCANNNNNNNNCTGG
(SEQ ID NO: 27), TTANNNNNNNGTCY (SEQ ID NO: 28), CCANNNNNNNRTGC (SEQ ID NO: 29), CCANNNNNNNNT-
GAA (SEQ ID NO: 30), GAGNNNNNNNATGC (SEQ ID NO: 31), CAGNNNNNNCGT (SEQ ID NO: 32), GATGNNNNNG-
GC (SEQ ID NO: 33).
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[0175] In another particular embodiment, the restriction enzymes of Escherichia coli are the following type II Restriction
enzymes: GAAABCC (SEQ ID NO: 34), CCWGG (SEQ ID NO: 35), GGTCTC (SEQ ID NO: 36), CTGCAG (SEQ ID NO:
37), GCCGGC (SEQ ID NO: 38), RGGNCCY (SEQ ID NO: 39), GTCGAC (SEQ ID NO: 40), GCGCGC (SEQ ID NO:
41), RCCGGY (SEQ ID NO: 42), CCNGG (SEQ ID NO: 43), AAGCTT (SEQ ID NO: 44), CANCATC (SEQ ID NO: 45),
GRCGYC (SEQ ID NO: 46), CYCGRG (SEQ ID NO: 47), GCNGC (SEQ ID NO: 48), YGGCCR (SEQ ID NO: 49),
CCGCGG (SEQ ID NO: 50), GRGCYC (SEQ ID NO: 51), CTGAAG (SEQ ID NO: 52), GGWCC (SEQ ID NO: 53),
TGGCCA (SEQ ID NO: 54), CCWWGG (SEQ ID NO: 55), GGNCC (SEQ ID NO: 56), GAGCTC (SEQ ID NO: 57),
GGTACC (SEQ ID NO: 58), GGCGCC (SEQ ID NO: 59), ACCYAC (SEQ ID NO: 60), GAATTC (SEQ ID NO: 61),
GATATC (SEQ ID NO: 62), CCTNAGG (SEQ ID NO: 63), GGTNACC (SEQ ID NO: 64), ATGCAT (SEQ ID NO: 65),
GGYRCC (SEQ ID NO: 66), AGGCCT (SEQ ID NO: 67), CTCAAT (SEQ ID NO: 68), GCWGC (SEQ ID NO: 69), TCGCGA
(SEQ ID NO: 70), CCTNNNNNAGG (SEQ ID NO: 71), ACCACC (SEQ ID NO: 72).
[0176] In yet another particular embodiment, the restriction enzymes of Escherichia coli are the following type III
Restriction enzymes: CACAG (SEQ ID NO: 73), GAACC (SEQ ID NO: 74), GAGAC (SEQ ID NO: 75), CAGCAG (SEQ
ID NO: 76), AGACC (SEQ ID NO: 77), and CCGAG (SEQ ID NO: 78).
[0177] In another particular embodiment, the restriction enzymes of the bacteria of interest are selected from the
restriction enzymes of type I and/or the restriction enzyme of type II and/or the restriction enzyme of type III and/or the
restriction enzymes of type IV. Preferably, the restriction enzymes of the bacteria of interest are selected from the
restriction enzymes of type I, the restriction enzyme of type II, the restriction enzyme of type III, and the restriction
enzymes of type IV.
[0178] In yet another embodiment, the invention concerns a bacteriophage genome or a phagemid comprising no
more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s) recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest. In a preferred embodiment, the bacteriophage
genome or phagemid according to the invention comprises no more than 10 restriction sites recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest. In a most preferred embodiment, the bacteriophage
genome or phagemid according to the invention doesn’t comprise any restriction site recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest.
[0179] In an alternative embodiment, the invention concerns a bacteriophage genome or a phagemid in which at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% of the restriction sites recognized by the restriction enzymes
encoded by each bacterium of a group of bacteria of interest and originally present in the vector have been removed.
[0180] The group of bacteria of interest is as described above.
[0181] In still another embodiment, the invention concerns a bacteriophage or a packaged phagemid comprising no
more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s) recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest. In a preferred embodiment, the bacteriophage
or packaged phagemid according to the invention comprises no more than 10 restriction sites recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest. In a most preferred embodiment, the bacteriophage
or packaged phagemid according to the invention doesn’t comprise any restriction site recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest.
[0182] In an alternative embodiment, the invention concerns a bacteriophage or a packaged phagemid in which at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99% of the restriction sites recognized by the restriction
enzymes encoded by each bacterium of a group of bacteria of interest and originally present in the vector have been
removed.
[0183] The group of bacteria of interest is as described above.

Use of a vector according to the invention and Method

[0184] In another aspect, the invention also relates to the use of a vector according to the invention, preferably a
bacteriophage genome or a phagemid according to the invention, or of a vector included in a delivery vehicle according
to the invention, preferably a bacteriophage or a packaged phagemid according to the invention, to deliver the vector
into bacteria, preferably bacteria of interest according to the invention.
[0185] In a particular embodiment, the vector according to the invention comprises a genetic circuits, preferably pro-
grammable. The genetic circuit according to the invention can lead to the cell death of the bacteria. For example, the
genetic circuit added to the vector may encode holins or toxins. Alternatively, the genetic circuit added to the vector does
not lead to bacteria death. For example, the genetic circuit may encode reporter genes leading to a luminescence or
fluorescence signal. Alternatively, the genetic circuit may comprise proteins and enzymes achieving a useful function
such as modifying the metabolism of the bacteria or the composition of its environment.
[0186] In yet another aspect, the invention concerns the use of a vector according to the invention, preferably a
bacteriophage genome or a phagemid according to the invention, or of a vector included in a delivery vehicle according
to the invention, preferably a bacteriophage or a packaged phagemid according to the invention, as a research tool, in
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particular for improving the frequency of delivery and/or broading the strains of bacteria in which the vector can be
delivered.
[0187] The invention also relates to a method for preparing a vector according to the invention, wherein the method
comprises:

(i) selecting a group of bacteria;
(ii) based on the vector sequence, identifying the restriction sites recognized by the restriction enzymes encoded
by the group of bacteria;
(iii) modifying the sequence of the vector according to the invention, preferably a bacteriophage genome or a
phagemid according to the invention, or a vector included in a delivery vehicle according to the invention, preferably
a bacteriophage or a packaged phagemid according to the invention, so as it comprises no more than 100, 90, 80,
70, 60, 50, 40, 30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s) recognized by the restriction enzymes encoded
by each bacterium of the group of bacteria;
(iv) optionally preparing the modified vector, in particular by nucleic acid synthesis or by mutation of the vector.

[0188] In a preferred embodiment, the sequence of the vector is modified so as it does not comprise any restriction
sites recognized by the restriction enzymes encoded by each bacterium of the group of bacteria.
[0189] Preferably, the group of bacteria is as described above.
[0190] Preferably the group of bacteria consists in bacterial strains of a single species.
[0191] In another aspect, the invention concerns an in-vitro method for delivering a vector in bacteria of interest,
wherein the method further comprises administering to a bacterium of said group of bacteria the modified vector according
to the invention, preferably a bacteriophage genome or a phagemid according to the invention, or the modified vector
included in a delivery vehicle according to the invention, preferably a bacteriophage or a packaged phagemid according
to the invention.
[0192] Preferably, the modified vector according to the invention, preferably a bacteriophage genome or a phagemid
according to the invention, or the modified vector included in a delivery vehicle according to the invention, preferably a
bacteriophage or a packaged phagemid according to the invention comprises no more than 100, 90, 80, 70, 60, 50, 40,
30, 20, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 restriction site(s), preferably no restriction site, recognized by the restriction enzymes
encoded by the bacterium to which it is administered.

Use as a drug

[0193] In another aspect, the invention also relates to a vector according to the invention, preferably a bacteriophage
genome or a phagemid according to the invention, or of a vector included in a delivery vehicle according to the invention,
preferably a bacteriophage or a packaged phagemid according to the invention, for use as a drug.
[0194] The invention also relates to the use of a vector according to the invention, preferably a bacteriophage genome
or a phagemid according to the invention, or of a vector included in a delivery vehicle according to the invention, preferably
a bacteriophage or a packaged phagemid according to the invention, for the manufacture of a medicine.
[0195] In a preferred embodiment, the invention concerns a vector according to the invention, preferably a bacteri-
ophage genome or a phagemid according to the invention, or a vector included in a delivery vehicle according to the
invention, preferably a bacteriophage or a packaged phagemid according to the invention, for use in the treatment of a
disease selected from the group consisting of an infection, preferably a bacterial infection, inflammatory diseases, auto-
immune diseases, cancers, and brain disorders. The invention concerns a vector according to the invention, preferably
a bacteriophage genome or a phagemid according to the invention, or a vector included in a delivery vehicle according
to the invention, preferably a bacteriophage or a packaged phagemid according to the invention, for use for improving
the general health of a subject, for eradicating pathogenic or virulent bacteria, for improving the effectiveness of drugs,
and/or for modifying the composition of the microbiome.
[0196] The invention also concerns a vector according to the invention, preferably a bacteriophage genome or a
phagemid according to the invention, or a vector included in a delivery vehicle according to the invention, preferably a
bacteriophage or a packaged phagemid according to the invention, for the preparation of a medicament for treating a
disease selected from the group consisting of infections, preferably bacterial infections, inflammatory diseases, auto-
immune diseases, cancers, and brain disorders. The invention concerns a vector according to the invention, preferably
a bacteriophage genome or a phagemid according to the invention, or a vector included in a delivery vehicle according
to the invention, preferably a bacteriophage or a packaged phagemid according to the invention, for the preparation of
a medicament for improving the general health of a subject, for eradicating pathogenic or virulent bacteria, for improving
the effectiveness of drugs, and/or for modifying the composition of the microbiome.
[0197] The invention further relates to a method for treating in a subject a disease selected from the group consisting
of an infection, preferably a bacterial infection, inflammatory diseases, auto-immune diseases, cancers, and brain dis-
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orders, wherein a therapeutically effective amount of a vector according to the invention, preferably a bacteriophage
genome or a phagemid according to the invention, or a vector included in a delivery vehicle according to the invention,
preferably a bacteriophage or a packaged phagemid according to the invention, is administered to said subject suffering
from the disease.
[0198] The infection according to the invention may be selected from the group consisting of skin infections such as
acne, intestinal infections such as esophagitis, gastritis, enteritis, colitis, sigmoiditis, rectitis, and peritonitis, urinary tract
infections, vaginal infections, female upper genital tract infections such as salpingitis, endometritis, oophoritis, myometri-
tis, parametritis and infection in the pelvic peritoneum, respiratory tract infections such as pneumonia, intra-amniotic
infections, odontogenic infections, endodontic infections, fibrosis, meningitis, bloodstream infections, nosocomial infec-
tion such as catheter-related infections, hospital acquired pneumonia, post-partum infection, hospital acquired gastro-
enteritis, hospital acquired urinary tract infections, or a combination thereof.
[0199] Preferably, the infection according to the invention is caused by a bacterium presenting an antibiotic resistance.
[0200] In a most preferred embodiment, the infection is caused by a bacterium of interest as listed above.
[0201] Preferably the vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, or the vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention, only target the bacterial strain responsible of the infection and thus allow
the subject to be treated to conserve a healthy microbiome.
[0202] In a particular embodiment, the invention also relates to a method for personalized treatment for an individual
in need of treatment for a bacterial infection comprising: i) obtaining a biological sample from the individual and determining
a group of bacterial DNA sequences from the sample; ii) based on the determining of the sequences, identifying one or
more pathogenic bacterial strains or species that were in the sample; and iii) administering to the individual a vector
according to the invention, preferably a bacteriophage genome or a phagemid according to the invention, or a vector
included in a delivery vehicle according to the invention, preferably a bacteriophage or a packaged phagemid according
to the invention, wherein the vector according to the invention, preferably a bacteriophage genome or a phagemid
according to the invention, or a vector included in a delivery vehicle according to the invention, preferably a bacteriophage
or a packaged phagemid according to the invention has been modified to comprise no more than 100 restriction sites,
preferably no more than 50 restrictions sites, more preferably no more than 10 restriction sites, even more preferably
comprises no restriction sites, recognized by the restriction enzymes encoded by encoded by each pathogenic bacterial
strain or species identified in the sample.
[0203] Preferably, the biological sample comprises pathological and non-pathological bacterial species, and subse-
quent to administering the vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, or the vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention, to the individual, the amount of pathogenic bacteria on or in the individual
are reduced, but the amount of non-pathogenic bacteria is not reduced.
[0204] In a particular embodiment, the invention concerns a vector according to the invention, preferably a bacteri-
ophage genome or a phagemid according to the invention, or a vector included in a delivery vehicle according to the
invention, preferably a bacteriophage or a packaged phagemid according to the invention, for use in the treatment of
pathologies involving bacteria of the human microbiome, such as inflammatory and auto-immune diseases, cancers,
infections or brain disorders. Indeed, some bacteria of the microbiome, without triggering any infection, can secrete
molecules that will induce and/or enhance inflammatory or auto-immune diseases or cancer development. Some bacteria
of the microbiome can also secrete molecules that will affect the brain.
In another particular embodiment, the invention concerns a vector according to the invention, preferably a bacteriophage
genome or a phagemid according to the invention, or a vector included in a delivery vehicle according to the invention,
preferably a bacteriophage or a packaged phagemid according to the invention, for use in order to improve the effec-
tiveness of drugs. Indeed, some bacteria of the microbiome, without being pathogenic by themselves, are known to be
able to metabolize drugs and to modify them in ineffective or harmful molecules.
The present invention also relates to a non-therapeutic use of a vector according to the invention, preferably a bacteri-
ophage genome or a phagemid according to the invention, or a vector included in a delivery vehicle according to the
invention, preferably a bacteriophage or a packaged phagemid according to the invention. For instance, the non-thera-
peutic use can be a cosmetic use or a use for improving the well-being of a subject, in particular a subject who does not
suffer from a disease. Accordingly, the present invention also relates to a cosmetic composition or a non-therapeutic
composition comprising a vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, or a vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention.

Pharmaceutical or veterinary composition

[0205] In yet another aspect, the invention also concerns a pharmaceutical or veterinary composition comprising or
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consisting essentially in a vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, or a vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention.
[0206] The pharmaceutical or veterinary composition comprises at least one excipient or pharmaceutically acceptable
carrier.
[0207] Preferably, the pharmaceutical or veterinary composition further comprises another active ingredient, preferably
an antibiotic or another antibacterial agent, even more preferably an antibiotic.
[0208] Preferably, the antibiotic according to the invention is selected from the group consisting in penicillins such as
penicillin G, penicillin K, penicillin N, penicillin O, penicillin V, methicillin, benzylpenicillin, nafcillin, oxacillin, cloxacillin,
dicloxacillin, ampicillin, amoxicillin, pivampicillin, hetacillin, bacampicillin, metampicillin, talampicillin, epicillin, carbeni-
cillin, ticarcillin, temocillin, mezlocillin, and piperacillin; cephalosporins such as cefacetrile, cefadroxil, cephalexin, ce-
faloglycin, cefalonium, cefaloridine, cefalotin, cefapirin, cefatrizine, cefazaflur, cefazedone, cefazolin, cefradine, cefrox-
adine, ceftezole, cefaclor, cefonicid, cefprozil, cefuroxime, cefuzonam, cefmetazole, cefotetan, cefoxitin, loracarbef,
cefbuperazone, cefminox, cefotetan, cefoxitin, cefotiam, cefcapene, cefdaloxime, cefdinir, cefditoren, cefetamet, cefix-
ime, cefmenoxime, cefodizime, cefotaxime, cefovecin, cefpimizole, cefpodoxime, cefteram, ceftamere, ceftibuten, cef-
tiofur, ceftiolene, ceftizoxime, ceftriaxone, cefoperazone, ceftazidime, latamoxef, cefclidine, cefepime, cefluprenam,
cefoselis, cefozopran, cefpirome, cefquinome, flomoxef, ceftobiprole, ceftaroline, ceftolozane, cefaloram, cefaparole,
cefcanel, cefedrolor, cefempidone, cefetrizole, cefivitril, cefmatilen, cefmepidium, cefoxazole, cefrotil, cefsumide, cefti-
oxide, cefuracetime, and nitrocefin; polymyxins such as polysporin, neosporin, polymyxin B, and polymyxin E, rifampicins
such as rifampicin, rifapentine, and rifaximin; Fidaxomicin; quinolones such as cinoxacin, nalidixic acid, oxolinic acid,
piromidic acid, pipemidic acid, rosoxacin, ciprofloxacin, enoxacin, fleroxacin, lomefloxacin, nadifloxacin, norfloxacin,
ofloxacin, pefloxacin, rufloxacin, balofloxacin, grepafloxacin, levofloxacin, pazufloxacin, temafloxacin, tosufloxacin, clin-
afloxacin, gatifloxacin, gemifloxacin, moxifloxacin, sitafloxacin, trovafloxacin, prulifloxacin, delafloxacin, nemonoxacin,
and zabofloxacin; sulfonamides such as sulfafurazole, sulfacetamide, sulfadiazine, sulfadimidine, sulfafurazole, sulfiso-
midine, sulfadoxine, sulfamethoxazole, sulfamoxole, sulfanitran, sulfadimethoxine, sulfametho-xypyridazine, sulfame-
toxydiazine, sulfadoxine, sulfametopyrazine, and terephtyl; macrolides such as azithromycin, clarithromycin, erythromy-
cin, fidaxomicin, telithromycin, carbomycin A, josamycin, kitasamycin, midecamycin, oleandomycin, solithromycin,
spiramycin, troleandomycin, tylosin, and roxithromycin; ketolides such as telithromycin, and cethromycin; lluoroketolides
such as solithromycin; lincosamides such as lincomycin, clindamycin, and pirlimycin; tetracyclines such as demeclocy-
cline, doxycycline, minocycline, oxytetracycline, and tetracycline; aminoglycosides such as amikacin, dibekacin, gen-
tamicin, kanamycin, neomycin, netilmicin, sisomicin, tobramycin, paromomycin, and streptomycin; ansamycins such as
geldanamycin, herbimycin, and rifaximin; carbacephems such as loracarbef; carbapenems such as ertapenem, dorip-
enem, imipenem (or cilastatin), and meropenem; glycopeptides such as teicoplanin, vancomycin, telavancin, dalba-
vancin, and oritavancin; lincosamides such as clindamycin and lincomycin; lipopeptides such as daptomycin; mono-
bactams such as aztreonam; nitrofurans such as furazolidone, and nitrofurantoin; oxazolidinones such as linezolid,
posizolid, radezolid, and torezolid; teixobactin, clofazimine, dapsone, capreomycin, cycloserine, ethambutol, ethiona-
mide, isoniazid, pyrazinamide, rifabutin, arsphenamine,chloramphenicol, fosfomycin, fusidic acid, metronidazole, mupi-
rocin, platensimycin, quinupristin (or dalfopristin), thiamphenicol, tigecycline, tinidazole, trimethoprim, alatrofloxacin,
fidaxomycin, nalidixice acide, rifampin, derivatives and combination thereof.
[0209] The invention also concerns the pharmaceutical or veterinary composition of the invention for use in the treatment
of an infection, preferably a bacterial infection.
[0210] The invention also relates to the use of a pharmaceutical or veterinary composition according to the invention
for the manufacture of a medicine for treating infections, preferably bacterial infections, in a subject.
[0211] The invention further relates to a method for treating in a subject an infection, preferably a bacterial infection,
wherein a therapeutically effective amount of a pharmaceutical or veterinary composition according to the invention is
administered to said subject suffering from an infection.
[0212] Preferably, the infection is as described above for the use of a vector.
[0213] In a most preferred embodiment, the infection is caused by a bacterium of interest as listed above.

Subject, regimen and administration

[0214] The subject according to the invention is an animal, preferably a mammal, even more preferably a human.
However, the term "subject" can also refer to non-human animals, in particular mammals such as dogs, cats, horses,
cows, pigs, sheep, donkeys, rabbits, ferrets, gerbils, hamsters, chinchillas, rats, mice, guinea pigs and non-human
primates, among others, that are in need of treatment.
[0215] The human subject according to the invention may be a human at the prenatal stage, a new-born, a child, an
infant, an adolescent or an adult, in particular an adult of at least 40 years old, preferably an adult of at least 50 years
old, still more preferably an adult of at least 60 years old, even more preferably an adult of at least 70 years old.
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[0216] In a preferred embodiment, the subject has been diagnosed with an infection, preferably a bacterial infection.
Diagnostic method of infections are well known by the man skilled in the art.
[0217] In a particular embodiment, the infection present a resistance to treatment, preferably the infection present an
antibiotic resistance.
[0218] In a particular embodiment, the subject has already received at least one line of treatment, preferably several
lines of treatment, prior to the administration of a vector according to the invention, preferably a bacteriophage genome
or a phagemid according to the invention, of a vector included in a delivery vehicle according to the invention, preferably
a bacteriophage or a packaged phagemid according to the invention, or of a pharmaceutical or veterinary composition
according to the invention.
[0219] The vector according to the invention, preferably a bacteriophage genome or a phagemid according to the
invention, of a vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a packaged
phagemid according to the invention, or of a pharmaceutical or veterinary composition according to the invention may
be administered by any conventional route of administration.
[0220] In particular, a vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, a vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention, or a pharmaceutical or veterinary composition according to the invention
can be formulated for a topical, enteral, oral, parenteral, intranasal, intravenous, intramuscular, subcutaneous or intraoc-
ular administration and the like.
[0221] Preferably, the vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, the vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention, or the pharmaceutical or veterinary composition according to the inven-
tion, may be administered by enteral or parenteral route of administration. When administered parenterally, the vector
according to the invention, preferably a bacteriophage genome or a phagemid according to the invention, the vector
included in a delivery vehicle according to the invention, preferably a bacteriophage or a packaged phagemid according
to the invention, or the pharmaceutical or veterinary composition according to the invention, is preferably administered
by intravenous route of administration. When administered enterally, the vector according to the invention, preferably a
bacteriophage genome or a phagemid according to the invention, the vector included in a delivery vehicle according to
the invention, preferably a bacteriophage or a packaged phagemid according to the invention, or the pharmaceutical or
veterinary composition according to the invention, is preferably administered by oral route of administration.
[0222] The pharmaceutical or veterinary composition is formulated in accordance with standard pharmaceutical or
veterinary practice (Lippincott Williams & Wilkins, 2000 and Encyclopedia of Pharmaceutical Technology, eds. J. Swar-
brick and J. C. Boylan, 1988-1999, Marcel Dekker, New York) known by a person skilled in the art.
[0223] For oral administration, the pharmaceutical or veterinary composition can be formulated into conventional oral
dosage forms such as tablets, capsules, powders, granules and liquid preparations such as syrups, elixirs, and concen-
trated drops. Nontoxic solid carriers or diluents may be used which include, for example, pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, magnesium,
carbonate, and the like. For compressed tablets, binders, which are agents which impart cohesive qualities to powdered
materials, are also necessary. For example, starch, gelatine, sugars such as lactose or dextrose, and natural or synthetic
gums can be used as binders. Disintegrants are also necessary in the tablets to facilitate break-up of the tablet. Disin-
tegrants include starches, clays, celluloses, algins, gums and crosslinked polymers. Moreover, lubricants and glidants
are also included in the tablets to prevent adhesion to the tablet material to surfaces in the manufacturing process and
to improve the flow characteristics of the powder material during manufacture. Colloidal silicon dioxide is most commonly
used as a glidant and compounds such as talc or stearic acids are most commonly used as lubricants.
[0224] For transdermal administration, the pharmaceutical or veterinary composition can be formulated into ointment,
cream or gel form and appropriate penetrants or detergents could be used to facilitate permeation, such as dimethyl
sulfoxide, dimethyl acetamide and dimethylformamide.
[0225] For transmucosal administration, nasal sprays, rectal or vaginal suppositories can be used. The active com-
pounds can be incorporated into any of the known suppository bases by methods known in the art. Examples of such
bases include cocoa butter, polyethylene glycols (carbowaxes), polyethylene sorbitan monostearate, and mixtures of
these with other compatible materials to modify the melting point or dissolution rate.
[0226] Pharmaceutical or veterinary compositions according to the invention may be formulated to release the active
ingredients substantially immediately upon administration or at any predetermined time or time period after administration.
[0227] Preferably, the treatment with the vector according to the invention, preferably a bacteriophage genome or a
phagemid according to the invention, the vector included in a delivery vehicle according to the invention, preferably a
bacteriophage or a packaged phagemid according to the invention, or the pharmaceutical or veterinary composition
according to the invention start no longer than a month, preferably no longer than a week, after the diagnosis of the
infection. In a most preferred embodiment, the treatment start the day of the diagnosis.
[0228] The vector according to the invention, preferably a bacteriophage genome or a phagemid according to the
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invention, the vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a packaged
phagemid according to the invention, or the pharmaceutical or veterinary composition according to the invention, may
be administered as a single dose or in multiple doses.
[0229] Preferably, the treatment is administered regularly, preferably between every day and every month, more
preferably between every day and every two weeks, more preferably between every day and every week, even more
preferably the treatment is administered every day. In a particular embodiment, the treatment is administered several
times a day, preferably 2 or 3 times a day, even more preferably 3 times a day.
[0230] The duration of treatment with the vector according to the invention, preferably a bacteriophage genome or a
phagemid according to the invention, the vector included in a delivery vehicle according to the invention, preferably a
bacteriophage or a packaged phagemid according to the invention, or the pharmaceutical or veterinary composition
according to the invention is preferably comprised between 1 day and 20 weeks, more preferably between 1 day and
10 weeks, still more preferably between 1 day and 4 weeks, even more preferably between 1 day and 2 weeks. In a
particular embodiment, the duration of the treatment is of about 1 week. Alternatively, the treatment may last as long as
the infection persists.
[0231] The amount of vector according to the invention, preferably a bacteriophage genome or a phagemid according
to the invention, of vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a
packaged phagemid according to the invention, or of pharmaceutical or veterinary composition according to the invention
to be administered has to be determined by standard procedure well known by those of ordinary skills in the art. Phys-
iological data of the patient (e.g. age, size, and weight) and the routes of administration have to be taken into account
to determine the appropriate dosage, so as a therapeutically effective amount will be administered to the patient.
[0232] In a preferred embodiment, the total amount of vector according to the invention, preferably a bacteriophage
genome or a phagemid according to the invention, or vector included in a delivery vehicle according to the invention,
preferably a bacteriophage or a packaged phagemid according to the invention, for each administration is comprised
between 104 and 1014 active particles, preferably between 108 and 1014 active particles, even more preferably between
1012 and 1014 active particles.
[0233] The form of the pharmaceutical or veterinary compositions, the route of administration and the dose of admin-
istration of the vector according to the invention, preferably a bacteriophage genome or a phagemid according to the
invention, of the vector included in a delivery vehicle according to the invention, preferably a bacteriophage or a packaged
phagemid according to the invention, or of the pharmaceutical or veterinary composition according to the invention can
be adjusted by the man skilled in the art according to the type and severity of the infection, and to the patient, in particular
its age, weight, sex, and general physical condition.

Kit and use of a kit

[0234] The invention also concerns a kit for the treatment of an infection, preferably a bacterial infection, in a subject,
wherein the kit comprises a vector according to the invention, preferably a bacteriophage genome or a phagemid ac-
cording to the invention, a vector included in a delivery vehicle according to the invention, preferably a bacteriophage
or a packaged phagemid according to the invention, or a pharmaceutical or veterinary composition according to the
invention and optionally a leaflet providing guidelines to use such a kit.
[0235] Preferably, the kit further comprises another active ingredient, preferably an antibiotic.
[0236] The invention also concerns the use of a kit as described above in the treatment of a disease selected from
the group consisting of an infection, preferably a bacterial infection, inflammatory diseases, auto-immune diseases,
cancers, and brain disorders, in a subject in need thereof. In particular, the kit as described above can be used for
improving the general health of a subject, for eradicating pathogenic or virulent bacteria, for improving the effectiveness
of drugs, and/or for modifying the composition of the microbiome. The kit as described above can be also used for non-
therapeutic applications such as cosmetic application or for improving the well-being of a subject.
[0237] Preferably, the subject is a human.
[0238] All the references cited in this application, including scientific articles and summaries, published patent appli-
cations, granted patents or any other reference, are entirely incorporated herein by reference, which includes all the
results, tables, figures and texts of theses references.
[0239] Although having different meanings, the terms "comprising", "having", "consisting in" and "containing" can be
replaced one for the other in the entire application.
[0240] Further aspects and advantages of the present invention will be described in the following examples, which
should be regarded as illustrative and not limiting.

Examples

[0241] As a proof of concept, a set of different Escherichia coli strains was tested against infection by bacteriophage
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Lambda. Cells were grown overnight in liquid LB plus maltose 0.2% at 37°C. Next day, cells were diluted 1:100 in fresh
liquid LB medium plus 0.2% maltose and allowed to grow at 37°C for 2 hours. A bacterial lawn was prepared by plating
500 mL of bacterial culture onto an LB-agar plate. Purified Lambda bacteriophage particles, containing the wild-type
48.5 kb genome, was spotted on the bacterial lawn and allowed to grow at 37°C for 18 hours. Lambda injection efficiency
was assessed by the presence of plaques (Fig. 1A and C). Only strains K12-MG1655 and REL606 were observed to
form plaques, indicating Lambda phage delivery, while no effect was observed in any other of the 89 tested strains.
[0242] Next, the inventors have tested with a packed Lambda-based phagemid whether the injection efficiency could
be improved. By using phagemids of a smaller size, potential restriction sites may be avoided. For this, we constructed
a 3.3 kb phagemid including the Lambda phage cos site, constitutively expressed GFP and chloramphenicol resistance
genes (hereafter referred to as Lambda phagemid) and transformed it into CY2120b strain. This strain lacks the wild-
type lambda cos site but otherwise possesses all the machinery for the induction of the Lambda phage lytic cycle as
well as the DNA packaging system. CY2120b cells containing the Lambda phagemid were grown at 30°C in liquid LB
media. At an OD600 of 0.6, the culture was shifted to 42°C for 25 minutes to induce the entry into lytic cycle. After that,
cells were shifted back to 37°C for 3 hours to allow for virion assembly containing the Lambda cosmid. Cells were then
centrifuged and washed in Lambda buffer (10 mM Tris pH 7.5, 100 mM NaCl, 10 mM MgSO4). Chloroform was added
and the sample was spun down at 17,000g for 5 minutes. Finally, the aqueous phase was collected and filtered through
a 0.2 mm pore-size filter. This phase, containing pure Lambda packaged phagemids, was used to perform a transduction
assay. 95 different strains of E. coli were grown overnight at 37°C in liquid LB plus 0.2% maltose and diluted 1:100 the
next day in fresh LB plus maltose. After 2 hours of incubation at 37°C, 45 mL of cell culture was added to 45 mL of purified
packaged phagemid and further incubated at 37°C for 30 minutes. Finally, 10 mL of this mixture was plated on LB-agar
plates containing 25 mg/mL chloramphenicol and incubated for 18 hours at 37°C (Figure 1B and C). Out of 95 strains
tested, the packaged Lambda phagemid is able to inject its cargo in 34 of them, representing approximately 36% of all
the strains tested.
[0243] The inventors have also tested the hypothesis that reducing the size of a phagemid and hence the number of
potential restriction sites will improve delivery efficiency. For this, we generated two types of P4-based phagemids. The
first one, P420, has a size of 12.2 kb; the second one, pAD37, has a size of 2.3 kb. Both phagemids contain an origin
of replication that allows for the propagation in the target strain. To generate these packaged phagemids, the plasmids
containing the P4 cos site were transformed into the C600::186 delta cos strain, which lacks the wild-type cos sequence
and hence only generates mature virions containing the desired phagemids as DNA cargo. The protocol for induction
was the same as for the generation of Lambda phagemids, except that chloroform was not added as a lysis agent
because the mature virions are released from dying cells that lysed. The filtered supernatant was used to perform a
transduction assay. 93 different strains of E. coli were grown overnight at 37°C in liquid LB and diluted 1:100 the next
day in fresh LB. After 2 hours of incubation at 37°C, 10mL of cell culture was added to 90mL of purified packaged phagemid
and further incubated at 37°C for 30 minutes. Finally, 5 mL of this mixture was plated on LB-agar plates containing 25
mg/mL kanamycin (for the 12.2 kb-P420 phagemid) or 100 mg/mL carbenicillin (for the 2.3 kb-pAD37 phagemid) and
incubated for 18 hours at 37°C (Figure 2). Out of 93 strains tested, the larger P420 packaged phagemid is able to inject
its cargo in 9 of them, representing approximately 9.7% of all the strains tested. On the other hand, the smaller pAD37
packaged phagemid was able to inject its cargo in 71 out of 71 strains tested.
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Claims

1. A bacteriophage or packaged phagemid comprising no more than 100, 90, 80, 70, 60, 50, 40, 30, or 20 restriction
sites recognized by the restriction enzymes encoded by each bacterium of a group of bacteria of interest.

2. The bacteriophage or packaged phagemid according to claim 1, wherein the bacteriophage or the packaged
phagemid comprise no more than 10, 9, 8, 7, 6 5, 4, 3, 2, or 1 restriction site(s) recognized by the restriction enzymes
of each bacterium of said group of bacteria.

3. The bacteriophage or packaged phagemid according to claim 1 or 2, wherein the bacteriophage or the packaged
phagemid comprise no restriction sites recognized by the restriction enzymes of each bacterium of said group of
bacteria.

4. The bacteriophage or packaged phagemid according to any one of claims 1 to 3, wherein the group of bacteria of
interest consists of a group of n bacterial species, n being a positive integer comprised between 1 and about 50,
preferably between 1 and about 10, more preferably between 1 and about 5, even more preferably the group of
bacteria of interest consists of a single bacterial species.

5. The bacteriophage or packaged phagemid according to any one of claim 1 to 3, wherein the group of bacteria of
interest consists of a group of n bacterial strains, n being a positive integer comprised between 1 and about 500,
preferably between 1 and about 100, more preferably between 1 and about 30, even more preferably the group of
bacteria of interest consists of a single bacterial strain.

6. The bacteriophage or packaged phagemid according to claim 5, wherein the bacterial strains are selected from a
single species.

7. The bacteriophage or packaged phagemid according to any one of claims 1 to 6, wherein the bacteria of interest
are selected from the group consisting in Yersinia spp., Escherichia spp., Klebsiella spp., Acinetobacter spp., Bor-
detella spp., Neisseria spp., Aeromonas spp., Franciesella spp., Corynebacterium spp., Citrobacter spp., Chlamydia
spp., Hemophilus spp., Brucella spp., Mycobacterium spp., Legionella spp., Rhodococcus spp., Pseudomonas spp.,
Helicobacter spp., Vibrio spp., Bacillus spp., Erysipelothrix spp., Salmonella spp., Streptomyces spp., Streptococcus
spp., Staphylococcus spp., Bacteroides spp., Prevotella spp., Clostridium spp., Bifidobacterium spp., Clostridium
spp., Brevibacterium spp., Lactococcus spp., Leuconostoc spp., Actinobacillus spp., Selnomonas spp., Shigella
spp., Zymonas spp., Mycoplasma spp., Treponema spp., Leuconostoc spp., Corynebacterium spp., Enterococcus
spp., Enterobacter spp., Pyrococcus spp., Serratia spp., Morganella spp., Parvimonas spp., Fusobacterium spp.,
Actinomyces spp., Porphyromonas spp., Micrococcus spp., Bartonella spp., Borrelia spp., Brucelia spp., Campylo-
bacter spp., Chlamydophilia spp., Ehrlichia spp., Haemophilus spp., Leptospira spp., Listeria spp., Mycoplasma
spp., Nocardia spp., Rickettsia spp., Ureaplasma spp., and Lactobacillus spp, and a mixture thereof, preferably the
bacteria of interest are selected from Escherichia spp.

8. The bacteriophage or packaged phagemid according to any one of claims 1 to 7, wherein the bacteria of interest
are selected from the group consisting in Bacteroides thetaiotaomicron, Bacteroides fragilis, Bacteroides distasonis,
Bacteroides vulgatus, Clostridium leptum, Clostridium coccoides, Staphylococcus aureus, Bacillus subtilis, Clostrid-
ium butyricum, Brevibacterium lactofermentum, Streptococcus agalactiae, Lactococcus lactis, Leuconostoc lactis,
Actinobacillus actinobycetemcomitans, cyanobacteria, Escherichia coli, Helicobacterpylori, Selnomonas rumina-
tium, Shigella sonnei, Zymomonas mobilis, Mycoplasma mycoides, Treponema denticola, Bacillus thuringiensis,
Staphilococcus lugdunensis, Leuconostoc oenos, Corynebacterium xerosis, Lactobacillus plantarum, Lactobacillus
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rhamnosus, Lactobacillus casei, Lactobacillus acidophilus, Enterococcus faecalis, Bacillus coagulans, Bacillus
cereus, Bacillus popillae, Synechocystis strain PCC6803, Bacillus liquefaciens, Pyrococcus abyssi, Selenomonas
nominantium, Lactobacillus hilgardii, Streptococcus ferus, Lactobacillus pentosus, Bacteroides fragilis, Staphylo-
coccus epidermidis, Streptomyces phaechromogenes, Streptomyces ghanaenis, Klebsiella pneumoniae, Entero-
bacter cloacae, Enterobacter aerogenes, Serratia marcescens, Morganella morganii, Citrobacter freundii, Pseu-
domonas aerigunosa, Parvimonas micra, Prevotella intermedia, Fusobacterium nucleatum, Prevotella nigrescens,
Actinomyces israelii, Porphyromonas endodontalis, Porphyromonas gingivalis Micrococcus luteus, Bacillus mega-
terium, Aeromonas hydrophila, Aeromonas caviae, Bacillus anthracis, Bartonella henselae, Bartonella Quintana,
Bordetella pertussis, Borrelia burgdorferi, Borrelia garinii, Borrelia afzelii, Borrelia recurrentis, Brucella abortus,
Brucella canis, Brucella melitensis, Brucella suis, Campylobacter jejuni, Campylobacter coli, Campylobacter fetus,
Chlamydia pneumoniae, Chlamydia trachomatis, Chlamydophila psittaci, Clostridium botulinum, Clostridium difficile,
Clostridium perfringens, Clostridium tetani, Corynebacterium diphtheria, Ehrlichia canis, Ehrlichia chaffeensis, En-
terococcus faecium, Francisella tularensis, Haemophilus influenza, Legionella pneumophila, Leptospira interrogans,
Leptospira santarosai, Leptospira weilii, Leptospira noguchii, Listeria monocytogenes, Mycobacterium leprae, My-
cobacterium tuberculosis, Mycobacterium ulcerans, Mycoplasma pneumonia, Neisseria gonorrhoeae, Neisseria
meningitides, Nocardia asteroids, Rickettsia rickettsia, Salmonella enteritidis, Salmonella typhi, Salmonella para-
typhi, Salmonella typhimurium, Shigella flexnerii, Shigella dysenteriae, Staphylococcus saprophyticus, Streptococ-
cus pneumoniae, Streptococcus pyogenes, Streptococcus viridans, Treponema pallidum, Ureaplasma urealyticum,
Vibrio cholera, Vibrio parahaemolyticus, Yersinia pestis, Yersinia enterocolitica, Yersinia pseudotuberculosis, Ac-
tinobacter baumanii, Pseudomonas aerigunosa, and a mixture thereof, preferably the bacteria of interest are selected
from the group consisting of Escherichia coli, Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumanii, Pseudomonas aeruginosa, Enterobacter cloacae, and Enterobacter aerogenes, and a
mixture thereof, more preferably the bacteria of interest are selected from Escherichia coli strains.

9. The bacteriophage or packaged phagemid according to any one of claims 1 to 8, wherein the bacteria of interest
are selected from Escherichia coli strains and said restriction sites recognized by the restriction enzymes of Es-
cherichia coli strains are CACNNNNNNNCTGG (SEQ ID NO: 1), AACNNNNNNGTGC (SEQ ID NO: 2), CAC-
NNNNGTAY (SEQ ID NO: 3), AACNNNNCTTT (SEQ ID NO: 4), CCANNNNNNNCTTC (SEQ ID NO: 5), TAC-
NNNNNNNRTRTC (SEQ ID NO: 6), GAGNNNNNNNGTCA (SEQ ID NO: 7), TGANNNNNNNNTGCT (SEQ ID NO:
8), AGCANNNNNNTGA (SEQ ID NO: 9), TGANNNNNNCTTC (SEQ ID NO: 10), GAGNNNNNGTTY (SEQ ID NO:
11), GATGNNNNNNTAC (SEQ ID NO: 12), GAANNNNNNRTCG (SEQ ID NO: 13), RTCANNNNNNCTC (SEQ ID
NO: 14), GNAGNNNNRTDCA (SEQ ID NO: 15), GAANNNNNNNRTCG (SEQ ID NO: 16), GGANNNNNNNNATGC
(SEQ ID NO: 17), GAGNNNNNTCC (SEQ ID NO: 18), CACNNNNNNNGTTG (SEQ ID NO: 19), YTCANNNNNNGT-
TY (SEQ ID NO: 20), GATGNNNNNCTG (SEQ ID NO: 21), CCAYNNNNNGTTY (SEQ ID NO: 22), RT-
CANNNNNNNNGTGG (SEQ ID NO: 23), GAANNNNNNNTAAA (SEQ ID NO: 24), TCANNNNNNNRTTC (SEQ ID
NO: 25), GACNNNNNNGTC (SEQ ID NO: 26), TTCANNNNNNNNCTGG (SEQ ID NO: 27), TTANNNNNNNGTCY
(SEQ ID NO: 28), CCANNNNNNNRTGC (SEQ ID NO: 29), CCANNNNNNNNTGAA (SEQ ID NO: 30),
GAGNNNNNNNATGC (SEQ ID NO: 31), CAGNNNNNNCGT (SEQ ID NO: 32), GATGNNNNNGGC (SEQ ID NO:
33), GAAABCC (SEQ ID NO: 34), CCWGG (SEQ ID NO: 35), GGTCTC (SEQ ID NO: 36), CTGCAG (SEQ ID NO:
37), GCCGGC (SEQ ID NO: 38), RGGNCCY (SEQ ID NO: 39), GTCGAC (SEQ ID NO: 40), GCGCGC (SEQ ID
NO: 41), RCCGGY (SEQ ID NO: 42), CCNGG (SEQ ID NO: 43), AAGCTT (SEQ ID NO: 44), CANCATC (SEQ ID
NO: 45), GRCGYC (SEQ ID NO: 46), CYCGRG (SEQ ID NO: 47), GCNGC (SEQ ID NO: 48), YGGCCR (SEQ ID
NO: 49), CCGCGG (SEQ ID NO: 50), GRGCYC (SEQ ID NO: 51), CTGAAG (SEQ ID NO: 52), GGWCC (SEQ ID
NO: 53), TGGCCA (SEQ ID NO: 54), CCWWGG (SEQ ID NO: 55), GGNCC (SEQ ID NO: 56), GAGCTC (SEQ ID
NO: 57), GGTACC (SEQ ID NO: 58), GGCGCC (SEQ ID NO: 59), ACCYAC (SEQ ID NO: 60), GAATTC (SEQ ID
NO: 61), GATATC (SEQ ID NO: 62), CCTNAGG (SEQ ID NO: 63), GGTNACC (SEQ ID NO: 64), ATGCAT (SEQ
ID NO: 65), GGYRCC (SEQ ID NO: 66), AGGCCT (SEQ ID NO: 67), CTCAAT (SEQ ID NO: 68), GCWGC (SEQ
ID NO: 69), TCGCGA (SEQ ID NO: 70), CCTNNNNNAGG (SEQ ID NO: 71), ACCACC (SEQ ID NO: 72), CACAG
(SEQ ID NO: 73), GAACC (SEQ ID NO: 74), GAGAC (SEQ ID NO: 75), CAGCAG (SEQ ID NO: 76), AGACC (SEQ
ID NO: 77), and CCGAG (SEQ ID NO: 78).

10. The bacteriophage or packaged phagemid according to any one of claims 1 to 9, wherein the bacteriophage is
selected from the group consisting of IKe, CTX-ϕ, Pf1, Pf2, Pf3, Myoviridae (such as Pl-like, P2-like, Mu-like, SPO1-
like, and phiH-like bacteriophages); Siphoviridae (such as λ-like, γ-like, Tl-like, c2-like, L5-like, psiMl-like, phiC31-
like, and N15-like bacteriophages); Podoviridae (such as phi29-like, P22-like, and N4-like bacteriophages); Tecti-
viridae (such as Tectivirus); Corticoviridae (such as Corticovirus); Lipothrixviridae (such as Alphalipothrixvirus, Be-
talipothrixvirus, Gammalipothrixvirus, and Deltalipothrixvirus); Plasmaviridae (such as Plasmavirus); Rudiviridae
(such as Rudivirus); Fuselloviridae (such as Fusellovirus); Inoviridae (such as Inovirus, Plectrovirus, M13-like and
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fd-like bacteriophages); Microviridae (such as Microvirus, Spiromicrovirus, Bdellomicrovirus, and Chlamydiamicro-
virus); Leviviridae (such as Levivirus, and Allolevivirus), Cystoviridae (such as Cystovirus), coliphages (e.g., infects
Escherichia coli), B1 (e.g. infects Bacteroides thetaiotamicron), ATCC 51477-B1, B40-8, or Bf-1 (e.g. infects B.
fragilis), phiHSCO1 - e.g. infects B. caccae), phiHSC02 (e.g. infects B. ovatus), phiC2, phiC5, phiC6, phiC8,
phiCD119, or phiCD27 (e.g. infects Clostridium difficile), KP01K2, K11, Kpn5, KP34, or JDOO1 (e.g. infects Klebsiella
pneumoniae), phiNMl or 80alpha (e.g. infects Staphylococcus aureus), IME-EF1 (e.g. infects Enterococcus faecalis),
ENB6 or C33 (e.g. infects Enterococcus faecium), and phiKMV, PAK-P1, LKD16, LKA1, delta, sigma-1, J-1 (e.g.
infects Pseudomonas aeruginosa), T2, T4, T5, T7, RB49, phiX174, R17, PRD1 bacteriophages, and anybacteri-
ophage derived thereof.

11. The bacteriophage or packaged phagemid according to any one of claims 1 to 10, wherein the phagemid is selected
from the group consisting of lambda derived phagemids, P4 derived phagemids, M13-derived phagemids, such as
the ones containing the f1 origin for filamentous phage packaging such as, for example, pBluescript II SK (+/-) and
KS (+/-) phagemids, pBC SK and KS phagemids, pADL and P1 derived phagemids, preferably phagemids according
to the invention are selected from lambda derived phagemids and P4 derived phagemids, more preferably, phagemi-
ds according to the invention are selected from lambda derived phagemids, preferably selected from the group
consisiting of HK022 derived phagemids, mEP237 derived phagemids, HK97 derived phagemids, HK629 derived
phagemids, HK630 derived phagemids, mEP043 derived phagemids, mEP213 derived phagemids, mEP234 derived
phagemids, mEP390 derived phagemids, mEP460 derived phagemids, mEPx1 derived phagemids, mEPx2 derived
phagemids, phi80 derived phagemids, mEP234 derived phagemids.

12. Use of a bacteriophage or a packaged phagemid according to any one of claims 1 to 11 to infect a bacterium,
preferably a bacterium selected from said group of bacteria of interest, preferably selected from the group of bacteria
of claim 7 or 8.

13. A pharmaceutical or veterinary composition comprising or consisting essentially in a bacteriophage or a packaged
phagemid according to any one of claims 1 to 11.

14. A bacteriophage or packaged phagemid according to any one of claims 1 to 11, or the pharmaceutical or veterinary
composition according to claim 13 for use as a drug, especially for improving the general health of a subject, for
eradicating pathogenic or virulent bacteria, for improving the effectiveness of drugs, and/or for modifying the com-
position of the microbiome, in particular for the treatment of infections, inflammatory diseases, auto-immune diseases,
cancers, and brain disorders.

15. The bacteriophage or packaged phagemid for use according to claim 14, or the pharmaceutical or veterinary com-
position for use according to claim 14, wherein the infection is a bacterial infection, preferably caused by a bacterium
selected among the group of bacteria of interest.
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