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Description

Field of the invention

[0001] The present invention discloses polypeptides with antibacterial properties and use of said polypeptides and/or
polynucleotides encoding said polypeptides in the preparation of medicament for the treatment of infectious diseases.
The inventors also provide vectors encoding and adapted for expression of the polypeptides and polynucleotides of the
invention. The vectors may be used in the preparation of a medicament for the treatment of bacterial infections. Further,
the vector of the invention may be used to reduce the load of bacteria in food and/or feed.

Background

[0002] The discovery of antibiotics in the mid 1950s represented a major advance in human health. Contrasting the
benefits, however, antibiotic-resistant bacteria challenge the use of drugs by undermining the effectiveness of current
treatment options. Strains resistant to all commonly used antibiotics have been identified in every significant disease
caused by bacteria. This is underscoring the importance of developing new strategies to treat disease with an underlying
bacterial infection, including strategies to combat the emerging treat of antibiotic-resistant bacteria. Accordingly, thera-
peutic strategies to kill antibiotic-resistant bacteria and combating the evolution of antibiotic resistance have a vast
commercial potential.
[0003] Exposure of Escherichia coli to agents that damage DNA or interfere with DNA replication induces the expression
of a set of genes called the SOS response. Many of the genes induced as part of the SOS response codes for proteins
involved in DNA repair, recombination, DNA replication and cell division. The key regulators of SOS induction are the
RecA protein and the LexA repressor. Although the expression of the LexA-regulated genes in E. coli has been extensively
studied, the roles of several SOS genes are still unknown.
[0004] RecA protein and the LexA repressor are known regulators of SOS induction. Following DNA damage RecA
and single-stranded DNA forms a nucleoprotein filament which catalyzes autocleavage of LexA repressor, leading to
induction of more than 30 genes including recA and lexA. The kinetics of SOS induction in E. coli, measured by monitoring
LexA cleavage after UV irradiation is understood in detail.
[0005] In addition to the more than 30 genes under direct control of LexA repressor, the transcriptional level of more
than 1000 genes in E. coli are affected by treatment of DNA damaging agents. The translational levels of several proteins
are also known to be upregulated by DNA damage in a LexA independent, but RecA dependent manner. One such
example is the Eda protein, the last enzyme in the Entner-Doudoroff pathway, whose function is necessary for the
recovery of respiration following the SOS response.
[0006] The SOS inducible dinQ gene in E. coli was identified in a search for new lexA regulated genes (Fernandez
de Henestrosa et al., Mol Microbiol 2000). The dinQ gene was found in the 823 bp arsR-gor intergenic region encoding
a ∼330 nt transcript with a HI = 4.83. No biological function, phenotype or significant homologies to proteins with known
function were associated with the dinQ sequence (Fernandez de Henestrosa et al., Mol Microbiol 2000). Except for the
dinQ gene, no other genes have been reported in the arsR-gor intergenic region.
[0007] Hemm et al (2008) addressed the expression of a panel of short ORFs in E. coli including the dinQ gene but
the study failed to detect products of DinQ.
[0008] Unoson et al (2008) discloses that a small SOS-induced toxin is targeted against the inner membrane in
Escherichia coli and, hence, provide an alternative bactericidal small peptide.
[0009] The emergence of antibiotic resistant bacteria poses a serious threat to human health, and there is a remaining
need for the provision of new antibiotics, novel therapeutic strategies and approaches to combat the emerging antibiotic
resistant bacteria that poses a serious threat to human health.

Summary of the invention

[0010] The object of the present invention is to provide new antibiotics, novel therapeutic strategies and approaches
to combat the bacteria, in particular pathogenic bacteria that pose a serious threat to human health, such as antibiotic
resistant bacteria.
[0011] The present inventors disclose polypeptides with antibacterial properties and use said polypeptides and/or
polynucleotides encoding said polypeptides in the preparation of medicament for the treatment of infectious diseases.
Further, the inventors provide vectors encoding and adapted for expression of the polypeptides and polynucleotides of
the invention. The vectors may be used in the preparation of a medicament for the treatment of bacterial infections.
Further, the vector of the invention may be used to reduce the load of bacteria in food and/or feed.
[0012] A first aspect of the present invention relates to an isolated antibacterial polypeptide that has an amino acid
sequence chosen from the group consisting of SEQ ID NO:17 (DinQ ORF-V peptide with N-terminal Met), SEQ ID NO:19
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(G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (CL23I variant of DinQ ORF-V peptide), SEQ ID NO:21 (I7V
variant of DinQ ORF-V peptide), SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide) or SEQ ID
NO: 11 (DinQ ORF-V peptide).
[0013] A second aspect of the present invention relates to a vector comprising a nucleic acid sequence encoding a
polypeptides of the present invention, wherein said vector is adapted for expression of said polypeptide and wherein
said polypeptide is selected from the group consisting of SEQ ID NO:17 (DinQ ORF-V peptide with N-terminal Met),
SEQ ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID
NO:21 (I7V variant of DinQ ORF-V peptide), SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide)
or SEQ ID NO: 11 (DinQ ORF-V peptide).
[0014] In one embodiment of the present invention, the vector is a phage.
[0015] A third aspect of the present invention, a polypeptide or vector of the present invention is for use as a medicament.
[0016] A fourth aspect of the present invention, a polypeptide or vector of the present invention is for use in the
treatment of a bacterial infection.
[0017] In one embodiment of the present invention, a polypeptide or vector of the present invention is for use in the
treatment of a bacterial infection, wherein said bacterial infection is sepsis.
[0018] In another embodiment of the invention, the polypeptide or vector is for use as described above, wherein said
polypeptide or vector is used in combination with another antibiotic such as an antibiotic selected from the group consisting
of: rifamycine, aminoglycosides, carbapenems, cephalosporins, cephems, glycopeptides, fluoroquinolones/quinolones,
macrolides, oxazolidinones, penicillins, streptogramins, sulfonamides, tetracyclines, nalidixic acid, mitomycin C, ampi-
cillin, and metabolic inhibitors such as erythromycin.
[0019] A fifth aspect of the present invention relates to a pharmaceutical composition for use as an antibacterial
comprising

- a vector of the present invention, or
- an antibacterial polypeptide of the preent invention, and at least one pharmaceutically acceptable additive.

[0020] A sixth aspect of the present invention relates to an in vitro method for reducing the load of or inhibition of
propagation of a bacterium, comprising introducing a polypeptides in said bacterium, wherein said polypeptide is SEQ
ID NO:17(DinQ ORF-V peptide with N-tem Met) or SEQ ID NO:11 (DinQ ORF-V peptide).
[0021] In one embodiment of the present invention, a polypeptide or vector of the present invention is for use in reducing
the load of or inhibiting the propagation of a bacterium in vitro.

Detailed description of the invention

Sequences

[0022]

SEQ ID No 1
SEQ ID No 1 corresponds to the dinQ gene sequence.

SEQ ID No 2
SEQ ID No 2 corresponds to the nucleic acid sequence encoding the dinQ I polypeptide (ORF-I)

SEQ ID No 3
SEQ ID No 3 corresponds to the amino acid sequence of the dinQ I polypeptide (ORF-I).

SEQ ID No 4
SEQ ID No 4 corresponds to the nucleic acid sequence encoding the dinQ II polypeptide (ORF-II)

SEQ ID No 5
SEQ ID No 5 corresponds to the amino acid sequence of the dinQ II polypeptide (ORF-II).

SEQ ID No 6
SEQ ID No 6 corresponds to the nucleic acid sequence encoding the dinQ III polypeptide (ORF-III).

SEQ ID No 7
SEQ ID No 7 corresponds to the amino acid sequence of the dinQ III polypeptide (ORF-III).
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SEQ ID No 8
SEQ ID No 8 corresponds to the nucleic acid sequence encoding the dinQ IV polypeptide (ORF-IV).

SEQ ID No 9
SEQ ID No 9 corresponds to the amino acid sequence of the dinQ IV polypeptide (ORF-IV).

SEQ ID No 10
SEQ ID No 10 corresponds to the nucleic acid sequence encoding the dinQ V polypeptide (ORF-V).

SEQ ID No 11
SEQ ID No 11 corresponds to the amino acid sequence of the dinQ V polypeptide (ORF-V).

SEQ ID No 12
SEQ ID No 12 corresponds to the nucleic acid sequence encoding the argA transcript.

SEQ ID No 13
SEQ ID No 13 corresponds to the nucleic acid sequence encoding the argB transcript.

SEQ ID No 14
SEQ ID No 14 corresponds to the nucleic acid sequence encoding the dinQ-a transcript.

SEQ ID No 15
SEQ ID No 15 corresponds to the nucleic acid sequence encoding the dinQ-b transcript. The dinQ-b transcript is
also referred to as the +44 dinQ transcripts.

SEQ ID No 16
SEQ ID No 16 corresponds to the nucleic acid sequence encoding the dinQ-d transcript.

SEQ ID No 17
SEQ ID No 17 corresponds to the nucleic acid sequence encoding the dinQ V polypeptide (ORF-V) in which the N-
terminal Val-residue has been substituted with a Met-residue.

SEQ ID No 18
The plasmid pORF5 which is packed into the phagmid particles and ultimately is responsible for the expression of
ORF-V inside of E.coli.

SEQ ID No 19
Variant of the amino acid sequence of the dinQ V polypeptide (ORF-V), where the Gly in position 10 of the peptide
have been substituted with a Lys.

SEQ ID No 20
Variant of the amino acid sequence of the dinQ V polypeptide (ORF-V), where the Leu in position 23 of the peptide
have been substituted with an Ile.

SEQ ID No 21
Variant of the amino acid sequence of the dinQ V polypeptide (ORF-V), where the Ile in position 7 of the peptide
have been substituted with a Val.

SEQ ID No 22
Variant (double mutant) of the amino acid sequence of the dinQ V polypeptide (ORF-V), where the Leu in position
12 of the peptide have been substituted with an Ile, and the Ile in position 13 of the peptide have been substituted
with a Val.

Definitions

[0023] Prior to discussing the present invention in further details, the following terms and conventions will first be defined:
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Sequence identity

[0024] The term "sequence identity" indicates a quantitative measure of the degree of homology between two amino
acid sequences or between two nucleic acid sequences of equal length. If the two sequences to be compared are not
of equal length, they must be aligned to give the best possible fit, allowing the insertion of gaps or, alternatively, truncation
at the ends of the polypeptide sequences or nucleotide sequences. The sequence identity can be calculated as

 wherein Ndif is the total number of non-identical residues in the two sequences when aligned and wherein

Nref is the number of residues in one of the sequences. Hence, the DNA sequence AGTCAGTC will have a sequence
identity of 75% with the sequence AATCAATC (Ndif=2 and Nref=8). A gap is counted as non-identity of the specific
residue(s), i.e. the DNA sequence AGTGTC will have a sequence identity of 75% with the DNA sequence AGTCAGTC
(Ndif=2 and Nref=8).
With respect all embodiments of the invention relating to nucleotide sequences, the percentage of sequence identity
between one or more sequences may also be based on alignments using any suitable software such as the clustalW
software (http:/www.ebi.ac.uk/clustalW/index.html) with default settings. For nucleotide sequence alignments these set-
tings are: Alignment=3Dfull, Gap Open 10.00, Gap Ext. 0.20, Gap separation Dist. 4, DNA weight matrix: identity (IUB).
Alternatively, and as illustrated in the examples, nucleotide sequences may be analysed using any suitable software
such as DNASIS Max and the comparison of the sequences may be done at http://www.paralign.org/. This service is
based on the two comparison algorithms called Smith-Waterman (SW) and ParAlign. The first algorithm was published
by Smith and Waterman (1981) and is a well established method that finds the optimal local alignment of two sequences.
The other algorithm, ParAlign, is a heuristic method for sequence alignment; details on the method is published in Rognes
(2001). Default settings for score matrix and Gap penalties as well as E-values were used.
When referring to complementary sequences, the following base pairing rules can be applied, G pairs to C and U, A
pairs to T and U. "Nucleic acids sequence" and "polynucleotide sequence" are interchangeable terms in the context of
the present invention.

Non-coding RNA

[0025] The term "non-coding RNA" (ncRNA) is a functional RNA molecule that is not translated into a protein. The
term small RNA (sRNA) is often used for bacteria. The DNA sequence from which a non-coding RNA is transcribed as
the end product is often called an RNA gene or non-coding RNA gene.
In one embodiment of the present invention "non-coding RNA" refers to a transcript selected from the group consisting
of transcripts of agrA and agrB and variants thereof.

Oligonucleotides

[0026] The oligonucleotides of the invention may comprise RNA monomers, DNA monomers, LNA monomers, PNA
monomers etc. In a preferred embodiment, the oligonucleotide is built from RNA monomers. In another preferred em-
bodiment, the oligonucleotide is built from DNA monomers.
[0027] The oligonucleotide may comprise non-natural nucleotides for better hybridisation or increased biostability.
Preferred non-natural nucleotides are LNA, INA, FANA, ENA, PNA and morpholino nucleotides. Also 2-0 substituted
nucleotides may be used, e.g. 2-0-methyl or 2-0-methoxyethyl. Preferably, the exogenously synthesized oligonucleotide
is minimized in size for better delivery.

Control of bacterial growth

[0028] The term "control of bacterial growth", as used here, means to inhibit or prevent growth of bacteria. This control
is affected in two basic ways: (1) by killing the bacteria or (2) by inhibiting the growth of the bacteria.

Bacteria

[0029] The term "target pathogen" or "target bacteria" or "bacteria" refers bacteria that may cause illness in a subject.
In one preferred embodiment of the present invention the bacterium is a gram negative, even more preferably the
bacterium is selected from the group of pathogenic E.coli, Salmonella, Campylobacter, Shigella, Klebsiella, Pseu-
domonas, and Streptococcus.
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Antibiotic resistance

[0030] In the sense of the present invention antibiotic resistance refers to the ability of a bacteria to withstand the
effects of an antibiotic. It is a specific type of drug resistance. Antibiotic resistance evolves naturally via natural selection
acting upon random mutation, but it could also be engineered by applying an evolutionary stress on a population. Once
such a gene is generated, bacteria can then transfer the genetic information in a horizontal fashion (between individuals)
for example by plasmid exchange. Antibiotic resistance can also be introduced artificially into a bacteria through trans-
formation protocols.

Bactericidal

[0031] The term "bactericidal" is to be understood as capable of killing bacterial cells. Thus, a bactericide or bacteriocide
is a substance or composition that kills bacteria.

Bacteriostatic

[0032] The term "bacteriostatic" refers to the property of an agent or composition to inhibit the growth or multiplication
of bacteria. A bacteriostatic antibiotic typically limits the growth of bacteria by interfering with bacterial protein production,
DNA replication, or other aspects of bacterial cellular metabolism. Thereby bacteriostatic antibiotics inhibit growth and
reproduction of bacteria without killing them; killing is done by bactericidal agents. However, there is not always a precise
distinction between them and bactericides; high concentrations of most bacteriostatic agents are also bactericidal,
whereas low concentrations of bacteriocidal agents are only bacteriostatic.

Toxicity

[0033] Toxicity is here defined as the inhibition of or inability of a bacterium to propagate in the presence of a polypeptide
or polynucleotide of the invention, for example on plating on an agar-plate or in an infected wound. It is not necessarily
possible to distinguish between bactericidal and bacteriostatic effects of the dinQ polypeptide of the invention.

Infected subject

[0034] Reference to a "subject" includes a human or non-human species including primates, livestock animals e.g.
sheep, cows, pigs, horses, donkey, goats, laboratory test animals e.g. mice, rats, rabbits, guinea pigs, hamsters, com-
panion animals e.g. dogs, cats, avian species e.g. poultry birds, aviary birds, reptiles and amphibians. The present
invention has applicability in human medicine as well as having livestock and veterinary and wild life applications.

Vector

[0035] The term "vector" refers to a DNA molecule used as a vehicle to transfer recombinant genetic material into a
host cell. The four major types of vectors are plasmids, bacteriophages and other viruses, cosmids, and artifical chro-
mosomes. The vector itself is generally a DNA sequence that consists of an insert (a heterologous nucleic acid sequence,
transgene) and a larger sequence that serves as the "backbone" of the vector. The purpose of a vector which transfers
genetic information to the host is typically to isolate, multiply, or express the insert in the target cell. Vectors called
expression vectors (expression constructs) are specifically adapted for the expression of the heterologous sequences
in the target cell, and generally have a promoter sequence that drives expression of the heterologous sequences. Simpler
vectors called transcription vectors are only capable of being transcribed but not translated: they can be replicated in a
target cell but not expressed, unlike expression vectors. Transcription vectors are used to amplify the inserted heterol-
ogous sequences. The transcripts may subsequently be isolated and used as templates suitable for in vitro translation
systems. The choice of vector employed in embodiments of the present invention depends on the specific application
of the vector encoding the polypeptides or polynucleotide of the invention.

Operatively linked

[0036] The term "Operatively linked" refers to the connection of elements being a part of a functional unit such as a
gene or an open reading frame. Accordingly, by operatively linking a promoter to a nucleic acid sequence encoding a
polypeptide the two elements becomes part of the functional unit - a gene. The linking of the expression control sequence
(promoter) to the nucleic acid sequence enables the transcription of the nucleic acid sequence directed by the promoter.
By operatively linking two heterologous nucleic acid sequences encoding a polypeptide the sequences becomes part
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of the functional unit - an open reading frame encoding a fusion protein comprising the amino acid sequences encoding
by the heterologous nucleic acid sequences. By operatively linking two amino acids sequences, the sequences become
part of the same functional unit - a polypeptide. Operatively linking two heterologous amino acid sequences generates
a hybrid (fusion) polypeptide.

Phage

[0037] A bacteriophage (phage) is any one of a number of viruses that infect bacteria (such as M13). Bacterophages
are excellent tools to enter a host cell. The phages functions as a vector for delivery and heterologous expression of the
polypeptides of the invention, the polynucleotides of the invention, fragments thereof, or siRNAs. Heterologous expression
is from an expression cassette inserted in the genome of the phage. Transcription from the expression cassette may
either be constitutive or inducible (such as conditional expression induced by a ligand, for example IPTG).
[0038] The invention will hereinafter be described by way of the following non-limiting embodiments.
[0039] Exposure of Escherichia coli to agents that damage DNA or interfere with DNA replication induces the expression
of a set of genes called the SOS response. Many of the genes induced as part of the SOS response code for proteins
involved in DNA repair, recombination, DNA replication and cell division. The key regulators of SOS induction are the
RecA protein and the LexA repressor.
[0040] With the present invention, the inventors disclose functions of one of the LexA-regulated genes in E. coli, the
dinQ gene (SEQ ID NO:1).

The polypeptides of the invention

[0041] The main object of the present invention is to provide new antibiotics, novel therapeutic strategies and ap-
proaches to combat bacteria, in particular pathogenic bacteria that pose a serious threat human health, such as antibiotic
resistant bacteria. In the context of the present invention "polypeptides" and "peptides" are interchangeable terms in the
context of the present invention.
[0042] The inventors discovered that polypeptides encoded by dinQ display antibacterial properties.
[0043] The antibacterial dinQ polypeptides are encoded by the dinQ transcripts, which contain two open reading frames
(ORFs) encoding peptides of 18 and 49 amino acids (aa), in which the 49 aa ORF contain four potential start codons,
ORF-II (or ORF-2) of 49 aa, ORF-III (or ORF-3) of 42 aa, ORF-IV (or ORF-4) of 38 aa and an alternative transcription
start codon GTG at ORF-V (or ORF-5) of 27 aa. The inventors have only detected translation of ORF-V in vivo. The
structure of the dinQ gene is shown in Figure 1. None of the dinQ ORFs shows strong homology to any known peptides.
Roman numerals and Arabic numerals are used interchangebly to refer to the specific ORFs of dinQ.
[0044] The dinQ transcripts encode toxic polypeptides of which one is particularly toxic, the dinQ ORF-V polypeptide
(SEQ ID NO:11). Cellular fractionation shows that the DinQ polypeptide peptide localized to the inner membrane (Example
5), over-expression of the polypeptides cause depolarization of the bacterial cell membrane (Example 7) and decreases
the cellular ATP concentration (Example 8). Taken together, the data provided by the inventors suggest that the DinQ
polypeptides modulate membrane integrity of the bacterium.
[0045] Accordingly, one aspect of the present invention relates to an isolated antibacterial polypeptide that has an
amino acid sequence chosen from the group consisting of SEQ ID NO:17 (DinQ ORF-V peptide with N-terminal Met),
SEQ ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID
NO:21 (I7V variant of DinQ ORF-V peptide), SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide)
or SEQ ID NO: 11 (DinQ ORF-V peptide).
[0046] In one application of the disclosure, said antibacterial polypeptide is selected from the group consisting of SEQ
ID NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide) and, SEQ
ID NO:9 (DinQ ORF-IV peptide),
[0047] In a preferred embodiment, said antibacterial polypeptide has the amino acid sequence set forth in SEQ ID
NO:11 (DinQ ORF-V peptide).
[0048] In a further embodiment, said antibacterial polypeptide has the amino acid sequence set forth in SEQ ID NO:17
(DinQ ORF-V peptide with N-terminal Met). The DinQ peptide set forth in SEQ ID NO: 17 is the form that results from
the translation of the DinQ ORF-V using GUG as start codon. When GUG is used as start-codon, it is translated as
methionine, although the codon normally encodes a Val. In the prokaryotic translation machinery a distinct tRNA is
present that initiates such translation. The DinQ peptide set forth in SEQ ID NO: 17 is also referred to as the wild type
DinQ ORF-V peptide herein.
[0049] In one embodiment, said antibacterial polypeptide has the amino acid sequence set forth in SEQ ID NO:19
(G10K variant of DinQ ORF-V peptide).
[0050] In another embodiment, said antibacterial polypeptide has the amino acid sequence set forth in SEQ ID NO:20
(L23I variant of DinQ ORF-V peptide).
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[0051] In yet another embodiment, said antibacterial polypeptide has the amino acid sequence set forth in SEQ ID
NO:21 (I7V variant of DinQ ORF-V peptide).
[0052] In a further embodiment, said antibacterial polypeptide has the amino acid sequence set forth in SEQ ID NO:22
(L12I, I13V double mutant variant of DinQ ORF-V peptide).
The antibacterial polypeptide of the invention may be in the form of isolated polypeptides such as polypeptides isolated
from a suitable host adapted for recombinant expression of said polypeptides (biosynthesized). In another embodiment,
the antibacterial polypeptides isolated from in vitro translation of polynucleotide encoding said polypeptide. A non-limiting
example of in vitro transcription and translation is provided with Example 4.
[0053] Another application of the present disclosure concerns a synthetic antibacterial polypeptide with an amino acid
sequence set forth in any of the preceding aspect/embodiments. The synthetic peptide may be obtained by standard
methods of peptide synthesis known by the skilled person. The polypeptides may comprise natural amino acids and
peptidomimetics which may include but not be limited to D-peptides, beta-peptides, peptoids and other suitable peptid-
omimetics known in the art.
[0054] The antibacterial polypeptide of the invention may have bactericidal and/or bacteriostatic properties. Thus, in
one embodiment of the present invention, the antibacterial polypeptide of the invention is at least bactericidal or bacte-
riostatic or poses both properties. In another embodiment, the antibacterial polypeptide of the invention is bactericidal.
Thus, in a third embodiment, the antibacterial polypeptide of the invention is bacteriostatic.
[0055] In one embodiment, the antibacterial polypeptide is bacteriostatic at low concentration levels. In a further
embodiment, the antibacterial polypeptide is bactericidal at high concentration levels.
[0056] The skilled person would know how to use available methodology to assess an expression level that elicits
either one of the antibacterial properties, for example by using probes for viability in combination with probes for prop-
agation.
[0057] The term "antibacterial polypeptide" refers to any dinQ encoded polypeptide, which can suppress the overall
growth a bacterium or composition of bacterial species with at least 1% as compared to a culture grown under similar
growth conditions without supplementation of dinQ encoded polypeptides as described herein. Preferred embodiments
relates to growth suppression of at least 5%, such 10%, such as 25%, such as 50%, such as 75 %, such as 80 %, such
as 90%, and such as 95%. In a particular preferred embodiment said growth suppression is a total inhibition of growth
by 100%. The reduction in the load of the bacteria reflects toxicity of the dinQ polypeptides (bactericidal and/or bacte-
riostatic properties).
[0058] One application of the present disclosure provide functionally equivalent subsequence of a polypeptide encoded
by SEQ ID NO: 1 (dinQ gene sequence), said subsequence having at least the length of 15 amino acids (aa.), such as
at least 20 aa., for example at least 25 aa., such as at least 30 aa., for example at least 35 aa., such as at least 40 aa.,
for example at least 45 amino acids.
[0059] In one application of the present disclosure, said a polypeptide or functionally equivalent subsequence of (a)
is having a sequence identity of at least 85% to (a) or (b), such as at least 90% to (a) or (b), for example at least 95%
to (a) or (b), such as at least 97% to (a) or (b), for example at least 98% to (a) or (b), such as at least 99% to (a) or (b).
[0060] The subsequence of the polypeptide encoded by SEQ ID NO: 1 has maintained the property of the parent
polypeptide in terms of bactericidal and/or bacteriostatic properties (referred to as functionally equivalent). In one appli-
cation of the present disclosure, the bactericidal and/or bacteriostatic activity of the subsequence is increased relative
to the parent polypeptide. The bactericidal and/or bacteriostatic may be assessed using method available in the art.
[0061] Other dinQ peptide variants.
[0062] Analysis of the DinQ amino acid sequence using the consensus secondary structure prediction tool Jpred3
reveal that DinQ has high propensity to form a single alpha-helix. All residues except a few on each flanking terminal
are predicted with high confidence to belong to the predicted alpha-helix (see Figure 19, A and Example 17 for further
details). The structure may also be predicted using other prediction tools available to the skilled person.
[0063] The 3D structure of DinQ provided by the inventors may be used as a pharmacophore to design further anti-
bacterial peptides (DinQ variants) such as a polypeptide or functionally equivalent subsequence of (a) is having a
sequence identity of at least of 85% to (a) or (b), such as at least 90% to (a) or (b), for example at least 95% to (a) or
(b), such as at least 97% to (a) or (b), for example at least 98% to (a) or (b), such as at least 99% to (a) or (b), where a
polypeptide or functionally equivalent subsequence of (a)
[0064] In Examples 20 and 21 non-limiting examples of functional variants of DinQ ORF V are provided (SEQ ID NO:
19 to 22). The variants display activities comparable to the activity of the wild type DinQ ORF V.
[0065] The antibacterial polypeptide of the invention may be further adapted to facilitate the delivery of the polypeptide
such as targeting to and uptake of the polypeptides in the target bacterium.
[0066] Accordingly, it may be advantageous to provide the polypeptide as a fusion polypeptide comprising the anti-
bacterial polypeptide of the invention fused to a peptide that facilitates the uptake of the fusion peptide into the target
bacteria. Thus, in one embodiment, the antibacterial polypeptide of the invention is fused to a further polypeptide which
functions as a tag that promotes the uptake of the fusion polypeptide into bacteria.
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[0067] Thus, in another embodiment, the antibacterial polypeptide of the invention is fused to a further polypeptide
which functions as a tag that facilitates detection and or purification of the polypeptide (purification tag). A non-limiting
example is provided with Example 6.

The polynucleotides of the invention

[0068] The inventors provide polynucleotides (nucleic acid) sequences encoding the antibacterial dinQ polypeptides
of the invention. The sequences may be used for a wide range of applications. Non-limiting examples are recombinant
expression of the antibacterial polypeptides such as for further isolation of the recombinant antibacterial polypeptides,
or for recombinant expression in the host bacteria in order to inhibit the growth or kill said bacteria. Other non-limiting
examples of the application of the polynucleotides of the invention are provided with Example 4 to 8. The person skilled
in the art would know when to employ the DNA sequences such as the cDNA sequence encoding the polypeptide and
when to employ the corresponding RNA sequences.
[0069] Accordingly, one embodiment of the present invention relates to an isolated polynucleotide comprising a nucleic
acid sequence encoding an antibacterial polypeptide of the invention.
[0070] In one application of the present disclosure, the isolated polynucleotide encoding an antibacterial polypeptide
of the invention comprising a nucleic acid sequence selected from the group consisting of

(a) SEQ ID NO:2 (DinQ ORF-I CDS DNA sequence), SEQ ID NO:4 (DinQ ORF-II CDS DNA sequence), SEQ ID
NO:6 (DinQ ORF-III CDS DNA sequence), SEQ ID NO:8 (DinQ ORF-IV CDS DNA sequence), and SEQ ID NO:10
(DinQ ORF-V CDS DNA sequence),
(b) a nucleic acid sequence with a sequence identity of at least 85% to (a) and encoding a functionally equivalent
polypeptide.

[0071] Examples of functionally equivalent polypeptides are provided with the peptide set forth in SEQ ID NO: 19 to
22. It follows that any polynucleotide comprising nucleic acid sequence encoding a peptide selected from the list consisting
of SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21 and SEQ ID NO:22 also an embodiment of the present invention. In
line with this, in one application of the present disclosure, the nucleic acid sequence is SEQ ID NO:10 (DinQ ORF-V
CDS DNA sequence), where the start codon (GTG) is substituted the with a ATG start codon. In one application of the
present disclosure, the isolated polynucleotide limited or essentially limited to the cited coding sequences (CDS).
[0072] In one embodiment, the polynucleotide comprises a nucleic acid sequence encoding an antibacterial polypeptide
with the proviso that said polynucleotide does not encode SEQ ID NO:3 (DinQ ORF-I peptide).
[0073] In another embodiment, said isolated polynucleotide is a molecule of RNA. It follows that the cited SEQ IDs
are provided in the DNA format corresponding to the complementary DNA of said RNA. Accordingly, in one embodiment
the SEQ IDs of the invention refers to the DNA sequences and in another embodiment the SEQ IDs are used to refer
to the corresponding RNA sequences.
[0074] In one application of the present disclosure, the nucleic acid sequence of (b) is selected from the group consisting
of a nucleic acid sequence having at least 90% sequence identity to (a) and encoding a functionally equivalent polypeptide,
a nucleic acid sequence having at least 95% sequence identity to (a) and encoding a functionally equivalent polypeptide,
a nucleic acid sequence having at least 97% sequence identity to (a) and encoding a functionally equivalent polypeptide,
a nucleic acid sequence having at least 98% sequence identity to (a) and encoding a functionally equivalent polypeptide,
a nucleic acid sequence having at least 99% sequence identity to (a) and encoding a functionally equivalent polypeptide.
[0075] The inventors disclose the presence of four native dinQ transcripts that encodes the antibacterial polypeptides
of the invention. The transcript are referred to as dinQ-a (corresponding DNA sequence is SEQ ID NO: 14), dinQ-b
(corresponding DNA sequence is SEQ ID NO: 15), dinQ-c, and dinQ-d (corresponding DNA sequence is SEQ ID NO:
16). For further details see Figure 2 and Example 2. The dinQ-b (SEQ ID NO:15 is the most abundant of the dinQ
transcripts in the agrB mutant genetic background and produces a highly toxic peptide of 27 amino acids (SEQ ID NO:11).
Data from Northern blots, primer extension and in vitro transcription/translation analysis, performed by the inventors,
demonstrate that translation is only detectable from the dinQ-b transcript. Further analysis of the primary sequence of
dinQ-b (SEQ ID NO:15) shows that a Shine-Delgarno sequence is present in the primary sequence around the initiator
GTG.
[0076] In another an application of the present disclosure, the isolated polynucleotide is selected from the group
consisting of SEQ ID NO: 14 (DinQ full length transcript, DinQ-a), SEQ ID NO: 15 (DinQ-b transcript), and SEQ ID NO:
16 (DinQ-d transcript).
[0077] In yet another application of the present disclosure, the isolated polynucleotide is selected from the group
consisting of SEQ ID NO: 14 (DinQ full length transcript, DinQ-a), SEQ ID NO: 15 (DinQ-b transcript), SEQ ID NO: 16
(DinQ-d transcript), SEQ ID NO:2 (DinQ ORF-I CDS DNA sequence) SEQ ID NO:4 (DinQ ORF-II CDS DNA sequence),
SEQ ID NO:6 (DinQ ORF-III CDS DNA sequence), SEQ ID NO:8 (DinQ ORF-IV CDS DNA sequence), and SEQ ID
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NO:10 (DinQ ORF-V CDS DNA sequence). In a further application of the present disclosure, the isolated polynucleotides
is essentially a polynucleotide selected from the group consisting of SEQ ID NO: 14 (DinQ full length transcript, DinQ-
a), SEQ ID NO: 15 (DinQ-b transcript), SEQ ID NO: 16 (DinQ-d transcript), SEQ ID NO:2 (DinQ ORF-I CDS DNA
sequence) SEQ ID NO:4 (DinQ ORF-II CDS DNA sequence), SEQ ID NO:6 (DinQ ORF-III CDS DNA sequence), SEQ
ID NO:8 (DinQ ORF-IV CDS DNA sequence), and SEQ ID NO:10 (DinQ ORF-V CDS DNA sequence).

AgrA and agrB

[0078] The arsR-gor intergenic region contain two small RNAs, agrA and agrB, which are transcribed in the opposite
direction to dinQ
[0079] The inventors provide two small 85 nt RNAs, agrA and agrB with antisense homology to the dinQ gene. The
agrB mutant is sensitive to UV irradiation, whereas the agrA and dinQ single mutants showed no sensitivity. The deletion
of dinQ in the agrB background relieved the UV sensitivity of the agrB single mutant, suggesting that enhanced levels
of the dinQ transcript due to deficient RNA interference increase UV sensitivity of the agrB single mutant. Moreover,
overexpressing the dinQ gene in wild type cells increases UV-sensitivity, supporting that constitutive expression of dinQ
modulates (antagonizes) the cellular protection to UV exposure.
[0080] The polynucleotide set forth by the SEQ ID NO:12 (agrA encoding sequences) and SEQ ID NO:13 (agrB
encoding sequences) of the present invention encodes non-coding RNAs.
[0081] One application of the present disclosure relates to a method for reducing the load of or inhibition of propagation
of a bacterium by increasing the activity (e.g. increasing the intracellular concentration) of a antibacterial peptide encoded
by SEQ ID NO:1 (dinQ gene sequence) in said bacterium.
[0082] In one application of the present disclosure, the method for reducing the load of or inhibition of propagation of
a bacterium is performed in vitro.
The inventors provide data that shows that agrB regulates dinQ expression (Figure 3B and Example 10). The dinQ
activity (e.g. the intracellular concentration of DinQ polypeptide) is increased in an agrB mutant background.
[0083] Accordingly, in one application of the present disclosure, the method for reducing the load of or inhibition of
propagation of a bacterium by increasing the activity (e.g. increasing the intracellular concentration) of a antibacterial
peptide encoded by SEQ ID NO:1 (dinQ gene sequence) in said bacterium comprises a step of decreasing the activity
(e.g intracellular concentration) of SEQ ID NO:13 (agrB) in said bacterium.
[0084] A nucleic acid sequence decreasing the activity of agrB (e.g intracellular concentration of agrB) described
herein may e.g. interact with and destabilize the agrB RNA, stimulate ribonucleases degradation of agrB and thereby
reduce the agrB mediated degradation of the dinQ transcripts.
[0085] Polynucleotides capable of a decreasing the activity of agrB (e.g intracellular concentration of agrB) may be
provided as transcripts generated by heterologous expression of the corresponding cDNAs inserted into an expression
cassette suitable for transcription in a host, such as but not limited to a vector selected from the group consisting of
plasmids and phages.
[0086] The polynucleotides capable of decreasing the activity of agrB may also be generated by "in vitro transcription",
which may be purified by means available to the skilled addressee.
[0087] In one application of the present disclosure, the polynucleotides capable of decreasing the activity of agrB (e.g
intracellular concentration of agrB) is the complementary DNA (cDNA) of the transcript. These cDNAs may be in a
truncated form of the parent cDNA maintaining the function of the full length cDNA or exhibiting activities exceeding the
activity of the cDNA or corresponding transcript.
[0088] In a preferred application of the present disclosure, increasing the activity of dinQ RNA (e.g intracellular con-
centration of dinQ RNA) comprises decreasing the activity of agrB RNA (e.g intracellular concentration of agrB RNA)
by antisense inhibition using an antisense oligonucleotide that comprises at stretch of complementary nucleotides of at
least 20. Thus, the antisense oligonucleotide has a region of complementarity to the agrB RNA of at least 20 nucleotides.
In another embodiment, the region of complementarity is selected from the group consisting of at least 10 nucleotides,
at least 12 nucleotides, at least 14 nucleotides, at least 16 nucleotides and at least 18 nucleotides.
[0089] In one application of the present disclosure, the antisense molecule is a cationic phosphorodiamidate mopholino
oligomers or protein nucleic acid. The oligomer is designed to taget a relevant sequence within the bacterial genome of
said bacteria. This method could be used to target the sRNA, agrB, and thus knock down the expression of agrB, which
then lead to an elevated concentration of dinQ.
[0090] The sRNAs in themselves are modulators of protein and RNA expression within bacteria. The mechanisms
that underly sRNA activity, for example sRNAs in combination with RNase E/Hfq couldbe used to regulate the effects
of agrB.
[0091] Accordingly, in one application of the present disclosure, the method for reducing the load of or inhibition of
propagation of a bacterium comprising a step of decreasing the activity (e.g concentration) of SEQ ID NO:13 (agrB) in
said bacterium using a peptide nucleic acid (PNA) oligomer, mopholino oligomers , LNA oligomer or any other suitable
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oligomer characterised in that the sequence of said oligomer is antisense to a sequences comprised in agrB.
[0092] It should be understood that any feature and/or aspect discussed in connection with the implementation of
antisense molecules apply by analogy to heterologous expression using a vector or a phage expressing these antisense
molecules for methods of the invention and preparation of the medicaments of the invention.

The application of the polypeptides

[0093] The antibacterial polypeptides of the invention provided by the inventors may be useful in the treatment of
bacterial infections. The inventors disclose that the antibacterial DinQ polypeptides display toxic properties upon in vivo
expression (Example 10). The inventors further provide that agrB negatively regulates dinQ expression (Example 10).
Thus by decreasing the activity (e.g. concentration) of agrB in the bacteria, dinQ expression is subsequently up-regulated.
[0094] The antibacterial DinQ polypeptides of the present invention are therefore provided as new antibiotics, novel
therapeutic strategies and approaches to combat the bacteria, in particular pathogenic bacteria that pose a serious
threat to human health, such as antibiotic resistant bacteria.
[0095] Accordingly, one aspect of the present invention provides an antibacterial DinQ polypeptide for use as a med-
icament, in particular, for use in the treatment of a bacterial infection. Thus, the antibacterial dinQ polypeptide may be
used in the manufacturing of a medicament for the treatment of a bacterial infection.
[0096] The inventors discovered that the DinQ polypeptides caused depolarization and ATP depletion of in the bacteria
(Example 7 and 8). The DinQ polypeptides of the invention may therefore be used to increase the sensitivity of a bacterium
to another antibiotic. The antibacterial DinQ polypeptides may therefore be useful in adjunctive treatment of bacterial
infections.
[0097] In one embodiment the medicament is for adjunctive treatment of a bacterial infection. In a second embodiment
the bacterial infection comprises at least one bacteria resistant to a least one antibiotic.
[0098] In a further aspect of the present invention the inventors provide an in vitro method for reducing the load of or
inhibitation of propagation of a bacterium, comprising introducing a polypeptide in said bacterium, wherein said polypep-
tide is SEQ ID NO: 17(DinQ ORF-V peptide with N-tem Met) or SEQ ID NO:11(DinQ ORF-V peptide).
[0099] In one application of the present disclosure, the method comprises the introduction of a polypeptide in said
bacterium, wherein said polypeptide is selected from the group consisting of

(a) a polypeptide encoded by SEQ ID NO:1 (dinQ gene sequence),
(b) a functionally equivalent subsequence of (a) of at least 15 amino acids (c) a functionally equivalent polypeptide
with a sequence identity of at least 85% to (a) or (b).

[0100] In a second application of the present disclosure, the polypeptide is encoded by a polynucleotide sequence
selected from the group consisting of SEQ ID NO:14 (dinQ full length transcript, dinQ-a), SEQ ID NO:15 (dinQ-b transcript),
and SEQ ID NO:16 (dinQ-d transcript).
[0101] In a third application of the present disclosure, the polypeptide is selected from the list consisting of SEQ ID
NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide), SEQ ID NO:9
(DinQ ORF-IV peptide), SEQ ID NO:11(DinQ ORF-V peptide) and SEQ ID NO:17(DinQ ORF-V peptide with N-tem Met).
[0102] In yet another application of the present disclosure, the polypeptide has the amino acid sequence set forth by
SEQ ID NO:5 (DinQ ORF-II peptide). In one application of the present disclosure, the polypeptide has the amino acid
sequence set forth by SEQ ID NO:9 (DinQ ORF-IV peptide). In a particular embodiment, the polypeptide has the amino
acid sequence set forth by SEQ ID NO:11(DinQ ORF-V peptide).
[0103] In one embodiment, the method for reducing the load of or inhibition of propagation of a bacterium is performed
in vitro.
[0104] Thus, one application of the present disclosure provides an in vitro method for reducing the load of or inhibition
of propagation of a bacterium, comprising introducing a polypeptide in said bacterium, wherein said polypeptide is
selected from the group consisting of

(a) a polypeptide encoded by SEQ ID NO:1 (dinQ gene sequence) selected from the list consisting of SEQ ID
NO:17(DinQ ORF-V peptide with N-tem Met), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III
peptide), SEQ ID NO:9 (DinQ ORF-IV peptide), and SEQ ID NO:11(DinQ ORF-V peptide),
(b) a functionally equivalent subsequence of (a) of at least 15 amino acids (c) a functionally equivalent polypeptide
with a sequence identity of at least 85% to (a) or (b).

[0105] In one embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ ID
NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
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[0106] As discussed the antibacterial polypeptides may be used in an adjunctive therapy with commonly used antibiotic.
Accordingly, the method further comprises the administration of an antibiotic. In one embodiment, the method further
comprises the administration of an inhibitor of the SOS response.
[0107] In a particular embodiment, the method for reducing the load of or inhibition of propagation of a bacterium
comprising increasing the activity (e.g. concentration) of an antibacterial peptide by introducing the polypeptide into the
said bacterium using a vector adapted for expression of said polypeptide.
[0108] The antibacterial dinQ polypeptides of the invention provided by the inventors may be useful in the treatment
of bacterial infections as well as reducing bacterial contamination of food and feed. The antibacterial polypeptides may
be provided as isolated or synthetic polypeptides or delivered as a vector adapted for expression of said polypeptides.
The polypeptides or vectors encoding the same may be formulated such as in a pharmaceutical composition comprising
a suitable carrier for the specific application. Accordingly, one embodiment of the present invention provides a pharma-
ceutical composition comprising at least one polypeptide or polynucleotide of the invention and at least one pharma-
ceutical acceptable carrier.
[0109] One aspect-of the present invention relates to the use of an antibacterial DinQ polypeptide of the invention or
polynucleotide encoding an antibacterial DinQ polypeptide of the invention for reducing the load of or inhibiting the
propagation of a bacterium. In one embodiment, the polynucleotide is for in vitro use.
In a particular embodiment, the antibacterial DinQ polypeptide of the invention or polynucleotide encoding an antibacterial
DinQ polypeptide of the invention, polynucleotide or vector encoding the same are used in combination with a least one
antibiotic.

Transcriptional inducers and repression of agrB

[0110] Transcriptional inducers may also be used to induce expression of endogenous DinQ polypeptides. Induction
of endogenous DinQ polypeptides may be accomplished by targeting the regulators of dinQ such as agrB.
[0111] In one embodiment, the method for reducing the load of or inhibition of propagation of a bacterium by increasing
the activity (e.g. the concentration) of an antibacterial DinQ polypeptide comprises a step of introducing a nucleic acid
sequence, which decreases the activity (e.g. the concentration) of agrB in the bacterium.
[0112] In a further embodiment, the nucleic acid sequence decreasing the activity of agrB in the bacterium is an
oligonucleotides comprising at least one RNA monomer, DNA monomer, LNA monomer, PNA monomer or any other
suitable monomer.
[0113] In one embodiment, the oligonucleotide is built from RNA monomers. In another preferred embodiment, the
oligonucleotide is synthesized from DNA monomers.
[0114] The nucleic acid sequence decreasing the activity (e.g. the concentration) of agrB in the bacterium may be
used in the preparation of a medicament for treatment of a bacterial infection accordingly.
[0115] Heterologous expression of the nucleic acid sequence decreasing the activity (e.g. the concentration) of agrB
is an alternative to the introduction of exogenously synthesized oligonucleotides into the bacterium, the activity (e.g. the
concentration) of agrB may be reduced by delivering a gene encoding a RNA into the bacterium.
[0116] The nucleic acid sequence decreasing the activity (e.g. the concentration) of agrB described herein may e.g.
interact with and destabilize the agrB RNA and stimulate ribonucleases degradation of agrB.
[0117] Oligonucleotides may be synthesised either by enzymatic syntheses e.g. using T7 RNA polymerase or by
standard chemistry. RNA and DNA oligonucleotides are offered by many providers.
[0118] Alternatively, the nucleic acid sequence decreasing the activity (e.g. the concentration) of agrB may bind to the
corresponding region of the dinQ transcripts and prevent agrB mediated degradation.

The application of the polynucleotides

[0119] The polynucleotides of the invention encoding the DinQ antibacterial polypeptides or a polynucleotide encoding
an activity decreasing the activity of agrB (anti-agrB activity) may be inserted in a vector such as a vector adapted for
the expression of said DinQ antibacterial polypeptides or anti-agrB activity. The vectors may be used for amplification
of the polynucleotides (RNA and/or DNA) of the invention and/or expression of the antibacterial polypeptides. Thus, in
one embodiment of the present invention, the vector is a phage vector adapted for expression of said polypeptide or
anti-agr activity (polynucleotide/polypeptide).

Vector

[0120] An aspect of the present invention relates to a vector comprising a nucleic acid sequence encoding a polypeptide
of the present invention, wherein said vector is adapted for expression of said polypeptide and wherein said polypeptide
is selected from the group consisting of SEQ ID NO:17 (DinQ ORF-V peptide with N-terminal Met), SEQ ID NO:19 (G10K
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variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21 (I7V variant of
DinQ ORF-V peptide). SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide) or SEQ ID NO:11
(DinQ ORF-V peptide).
[0121] Thus one embodiment concerns a vector comprising a nucleic acid sequence encoding an antibacterial polypep-
tide of the invention. Another embodiment, concerns a vector comprising a nucleic acid sequence encoding an activity
(an anti-agrB activity) that decreases the activity of agrB (e.g. the concentration). It follows that the vectors preferably
are adapted to expressing of said nucleic acid sequence in the target bacterium.
[0122] In another embodiment, the vector is adapted for expression of said antibacterial polypeptide or a polynucleotide
encoding an activity that decreases the activity (e.g. the concentration) of agrB.
[0123] The polynucleotides of the present invention are typically subcloned in expression vectors such as a plasmid
or phage vector adapted for expression in the target host cell in question. The vector may be any known vector, which
suits the present application. Typically such expression vector comprises multiple cloning sites in an expression cassette
for insertion of the polynucleotides (DNA insert) in question such as polynucleotides comprising a nucleic acid sequence
encoding an antibacterial dinQ polypeptide or an anti-agrB activity of the invention. The cloning sites of the expression
vector is usually positioned downstream of an expression control sequence capable of directing transcription of the DNA
insert. The expression control sequence (or promoter) may comprise a wide range of promoter elements such as ele-
ments, which enables either constitutive or conditional expression of the inserted polynucleotide. A conditional (inducible)
promoter may comprise DNA elements binding transcriptions factors or repressor, which are regulated by the environ-
mental conditions (e.g. temperature, pH) or the presence/absence of a ligand such as IPTG. An non-limiting example
of IPTG mediated induction of dinQ polypeptides of the invention are provided in Example 5 to 8. The transcription may
also be switch on (or off) by a site-specific recombinase (e.g Cre or FLP) exciting a DNA element of the vector blocking
the transcription and formation of a functional transcript encoding the polypeptide or a non-coding RNA of the invention.
[0124] The expression control sequence of the vector controls and regulates the nucleic acid sequence encoding the
antibacterial polypeptide or anti-agrB activity of the vector to which it is operatively linked.
[0125] Thus in one embodiment, the nucleic acid sequence encoding the antibacterial polypeptide or anti-agrB activity
of the vector is operatively linked to an expression control sequence (promoter). In another embodiment, the expression
control sequence is an inducible promoter such as IPTG inducible.
[0126] In another application of the present disclosure, the vector comprises a nucleic acid sequence encoding an
antibacterial polypeptide of the disclosure selected from the list consisting of

(a) a polypeptide encoded by SEQ ID NO:1 (dinQ gene sequence),
(b) a functionally equivalent subsequence of (a) of at least 15 amino acids (c) a polypeptide or functionally equivalent
polypeptide with a sequence identity of at least 85% to (a) or (b).

[0127] In a third application of the present disclosure, -said a polypeptide or functionally equivalent subsequence of
(a) is having a sequence identity of at least 85% to (a) or (b), such as at least 90% to (a) or (b), for example at least 95%
to (a) or (b), such as at least 97% to (a) or (b), for example at least 98% to (a) or (b), such as at least 99% to (a) or (b).
[0128] In a fourth application of the present disclosure, said subsequence is having at least the length of 15 amino
acids (aa.), is at least 20 aa., for example at least 25 aa., such as at least 30 aa., for example at least 35 aa., such as
at least 40 aa., for example at least 45 amino acids.
[0129] In a further application of the present disclosure, the vector comprises a nucleic acid sequence selected from
the group consisting SEQ ID NO: 14 (dinQ full length transcript, dinQ-a), SEQ ID NO:15 (dinQ-b transcript), SEQ ID
NO:16 (dinQ-d transcript), SEQ ID NO:2 (DinQ ORF-I CDS DNA sequence) SEQ ID NO:4 (DinQ ORF-II CDS DNA
sequence), SEQ ID NO:6 (DinQ ORF-III CDS DNA sequence), SEQ ID NO:8 (DinQ ORF-IV CDS DNA sequence), and
SEQ ID NO:10 (DinQ ORF-V CDS DNA sequence).
[0130] In yet a further embodiment, the vector comprises a nucleic acid sequence encoding an antibacterial polypeptide
with the proviso that said nucleic acid sequence and said vector does not encode SEQ ID NO:3 (DinQ ORF-I peptide).
[0131] In one application of the present disclosure, the vector comprises the nucleic acid sequence is set forth by SEQ
ID NO:4 (DinQ ORF-II CDS DNA sequence). In second application of the present disclosure, the vector is comprising
the nucleic acid sequence set forth by SEQ ID NO:6 (DinQ ORF-III CDS DNA sequence). In one application of the
present disclosure, the vector comprises the nucleic acid sequence set forth by SEQ ID NO:8 (DinQ ORF-IV CDS DNA
sequence). In one application of the present disclosure, the vector comprises the nucleic acid sequence set forth by
SEQ ID NO:10 (DinQ ORF-V CDS DNA sequence). In one embodiment, the vector comprises a nucleic acid sequence
encoding the polypeptide having the amino acids sequence set forth by SEQ ID NO:17.
[0132] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
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Phage vector

[0133] A bacteriophage is any one of a number of viruses that infect bacteria and thus an excellent tool to enter a host
cell. In order to efficiently deliver the polynucleotide encoding the antibacterial DinQ polypeptides of the invention to the
target it may be advantageous to employ a bacteriophage vector.
[0134] Thus, applying this to the capabilities of the polypeptides of the invention and/or the polynucleotide described
herein, a phage adapted for expression of polypeptides and/or a polynucleotide of the invention may be used in the
preparation of a medicament for the use in the treatment of bacterial infections (phage therapy).
[0135] The phages functions as a vector for delivery of the antibacterial DinQ polypeptides, anti-agrB activity, or
antisense by heterologous expression from an expression cassette inserted in the genome of the phage. Transcription
from the expression cassette may either by constitutive or inducible (conditional).
[0136] In one embodiment of the present invention, the vector is a phage.
[0137] Applying the properties of the phage vector to the capabilities of the antibacterial DinQ polypeptides and anti-
agrB activity described herein, a phages adapted for expression of an antibacterial dinQ polypeptide and/or anti-agrB
activity may be used for phage therapy application in the treatment of a bacterial infection. Any phage strain suitable for
delivering the antibacterial DinQ polypeptides and/or anti-agrB activity to the target bacteria (or other pathogens) is
contemplated as useful in the present invention. Included are lytic as well as lysogenic phages.
[0138] The phage vector adapted for expression of an antibacterial DinQ polypeptide and/or anti-agrB activity may be
amplified and isolated by any suitable methods known by the skilled person.
[0139] Accordingly, the isolated phage vector may be used in the preparation of a medicament for the treatment of a
bacterial infection.
[0140] Thus, one aspect of the present invention concerns a vector (such as a bacteriophage) encoding and adapted
for expression of an antibacterial DinQ polypeptide and/or anti-agrB activity of the invention for use as a medicament
for the treatment of a bacterial infection.
[0141] The phages useful in the preparation of a medicament for the treatment of a bacterial infection may encode
any of the disclosed antibacterial dinQ polypeptide or anti-agrB activity of the invention.
[0142] In one embodiment the medicament comprising the phage are provided as an adjunct to or as a replacement
for those antibiotics that are no longer functioning in a bacteriostatic or bactericidal manner due to the development of
drug resistance.
[0143] Another embodiment relates to a medicament comprising the phage for the treatment of bacterial infections in
subjects who are allergic to the antibiotics that would otherwise be indicated.
[0144] One advantage of phage therapy is that it has fewer side effects than many of the antibiotics and/or chemo-
therapeutic drugs that would otherwise be indicated for the infection in question.
[0145] Phage therapy may be combined with lytic bacteriophages to treat pathogenic bacterial infections. In a particular
embodiment, the phage vector of the present invention posses both properties of heterologous expression of an anti-
bacterial DinQ polypeptide (and/or anti-agrB activity) and bacterial lysis.
[0146] The phage therapy may be applied as a stand-alone treatment or adjunctive treatment. Use of the phage
according to the invention as adjunctive therapy comprise use with other phages such as purely lytic phages or other
therapeutics. The phage therapy of the invention may be adapted to application for a large spectrum of target bacteria
and bacterial infections by selection of phages that are specific for each of the bacterial strains of interest. Selection
may be performed by means of genetic engineering or selection by serial passages. Phages may also be adapted to
avoid or delay the immune response of the subject in the need of treatment in order to increase the time of clearance
of circulating phages from the subject.
[0147] Bacteriophage preparations and compositions of the invention may be administered to the human or animal
patient topically, systemically, orally, or by some other means suitable for delivering an effective dose to the site of the
infection to be treated. Bacteriophage administration will be in such a way that the bacteriophage can be incorporated
into bacteria at the site of infection. The routes of administration and dosages described are intended only as a guide
since a skilled practitioner will be able to determine the optimum route of administration and dosage for any particular
patient and condition. Routes of administration comprise oral, pulmonary (by aerosol or by other respiratory device for
respiratory tract infections), nasal, IV, IP, per vagina, per rectum, intra-ocular, by lumbar puncture, intrathecal, and by
burr hole or craniotomy if need be for direct insertion onto the meninges (e.g. in a heavily thickened and rapidly fatal
tuberculous meningitis). The medicaments comprising the phage may be formulated accordingly.
[0148] Any phage could be used as a delivery vehicle. In order to function some modification may be needed in order
to work correctly. Modification would involve alteration of the packaging pathway of viral DNA / RNA so that the DNA /
RNA encoding dinQ would be packed in the place of the viral DNA/RNA. In addition phage that work via lysis may have
to have that lysis function deactivated.
[0149] In one embodiment the phage vector system is based on Caudovirales, Inoviridae, Inovirus, or Enterobacteria
phage M13. In one embodiment, the page is not a lytic phage. In one embodiment, the phage is an inophage. The
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inophage only need to be modified so that they package foreign DNA.
[0150] Several phage derived vector systems may be applied to in the present invention, such as but not limited to
M13, λ phage, P22, T4, SP01-phage and IRA. In one embodiment, the vector is a M13 phagemid derived vector.
[0151] In one application of the present disdosure, the phage comprises a nucleic acid sequence encoding an anti-
bacterial polypeptide of the invention disclosure selected from the list consisting of

(a) a polypeptide encoded by SEQ ID NO:1 (dinQ gene sequence),
(b) a functionally equivalent subsequence of (a) of at least 15 amino acids (c) a functionally equivalent polypeptide
with a sequence identity of at least 85% to (a) or (b).

[0152] In a further application of the present disclosure, the nucleic acid sequence is selected from the group consisting
SEQ ID NO:14 (dinQ full length transcript, DinQ-a), SEQ ID NO:15 (dinQ-b transcript), SEQ ID NO:16 (dinQ-d transcript),
SEQ ID NO:2 (DinQ ORF-I CDS DNA sequence) SEQ ID NO:4 (DinQ ORF-II CDS DNA sequence), SEQ ID NO:6 (DinQ
ORF-III CDS DNA sequence), SEQ ID NO:8 (DinQ ORF-IV CDS DNA sequence), and SEQ ID NO:10 (DinQ ORF-V
CDS DNA sequence). In one embodiment, the vector comprises a nucleic acid sequence encoding the polypeptide
having the amino acids sequence set forth by SEQ ID NO:17.
[0153] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
[0154] The phage is adapted for expression of the nucleic acid sequence encoding an antibacterial polypeptide of the
invention in the target bacteria.
[0155] The antibacterial dinQ polypeptide can be constitutively expressed from the vector (e.g. phage) or conditionally
expressed using a regulator of expression e.g use an inducer like IPTG or any other suitable ligand where expression
is regulated by the presence or absence of the regulator.

In vitro - in vivo validation and screening of phages of the invention

[0156] A potentially useful method of screening and further developing peptides (or polynucleotides) of the invention
for enhanced therapeutic efficacy may involve screening a phage-displayed peptide (or polunucleotide) library in an in
vitro system. A pathogenic bacterial strain (e.g an E. coli strain such as E.coli (ER2738)) may be used a host for the
phage library for expression of said peptides or polynucleotides. Preferably the expression of said peptides or polynu-
cleotides is under control of a conditional promoter such as an IPTG inducible promoter. Expression may then be induced
in the host cells of the phage library. Subsequently, phages may be isolated from any surviving host cells, which may
be used to extract phages encoding low efficacy peptides/polynucleotides from the parent library (or from a controls
host cells comprising the same library but not subjected to transcriptional induction). The system may be used to maturate
the peptides (or polynucleotides) of the invention for enhanced therapeutic efficacy going to rounds of infection and
induction. The system may also be used to identify the best candidates to target a specific pathogenic bacterium.
[0157] To test the therapeutic potential of the antibacterial polypeptides of the present invention or polynucleotides of
the invention, the animal model may be employed such as but not limited to a neutropenic murine thigh infection model
and the pathogenic bacterial strain such as an E. coli strain such as E.coli (ER2738) (ATCC 259222). The animal model
may be infected with a pathogenic (e.g. E. coli strain) comprising an inducible (such as IPTG inducible) expression vector
of the invention (preferably a phage vector) adapted for expression of the antibacterial polypeptides of the present
invention or polynucleotides of the invention under control of the inducible promoter. Following the infection of the animals,
expression of the antibacterial polypeptides of the present invention or polynucleotides of the invention may be induced
such as by adding the appropriate ligand to the drinking water. The infected animals may be at regular intervals such
as 24, 48 and 72 h after the infection and subjected to further analysis. Thigh tissue may be isolated and subsequently
homogenized, diluted and plated on media (eventually with and without antibiotics) to quantify the number of viable (and
resistant) strains.

Food and feed applications

[0158] The present invention also relates to methods and compositions for the treatment of bacterial contamination
of food by the use of a phage adapted for expression of an antibacterial polypeptide and/or anti-agrB activity as described
in the present herein, preferably blended with an appropriate carrier. The method for treating food stuffs comprises
treating the food stuffs with such an agent comprising an effective amount of the means for reversal of the antibiotic
resistance or as direct treatment.
[0159] Such means may be used to treat or prevent bacterial contamination of foodstuffs. Feed for livestock, poultry
and beef in slaughterhouses, canned and bottled goods, salad bars, and eggs are just some of the food items that can
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be treated with these phages of the present invention to reduce the risk of food contamination by bacteria. The phages
of the present invention can be applied along the entire food processing chain in place of or in combination with antibiotics
to prevent dangerous infectious bacteria from growing where antibiotics have not, or cannot, be used.
[0160] Accordingly, the present invention provides a vector (such as a phage) adapted for expression of an antibacterial
polypeptide and/or anti-agrB activity of the invention for reducing the load of contaminating bacteria in food and/or feed
products.
[0161] Thus, in one embodiment the polypeptide or vector of the invention is used for reducing the load of or inhibiting
the propagation of a bacterium in vitro.
[0162] The conditions subjected to the use of the polypeptides/polynucleotides One aspect of the invention concerns,
a pharmaceutical composition comprising

- an antibacterial polypeptide of the present invention, or
- a polynucleotide encoding an antibacterial polypeptide of the present invention, and

at least one pharmaceutically acceptable additive.
[0163] In one embodiment, the polynucleotide is provided in the form of a vector of the present invention.
[0164] The pharmaceutical composition is useful for combating bacterial infections range from mild infections to severe
infections such as sepsis. The pharmaceutical composition may be for a stand-alone treatment of the bacterial infection
or for use in an in combination with a least one other antibiotic.
[0165] In a further embodiment, the pharmaceutical composition comprising an antibacterial polypeptide of the present
invention, or a polynucleotide encoding an antibacterial polypeptide of the present invention is administered to the patient
in the need thereof prior to the treatment with said other antibiotic.
[0166] In a further embodiment, the at least one pharmaceutically acceptable additive is selected from the group
consisting of proteins, carbohydrates, sugar, magnesium state, cellulose, talc, starch-gelatin paste, calcium carbonate,
pharmaceutically acceptable carriers, excipients, diluents and solvents.
[0167] In one embodiment, the pharmaceutical composition which is in a form to be administered through an oral,
intravenous, an inhalation, intramuscular or subcutaneous route. In another embodiment, the pharmaceutical composition
which is in a form to be administered topically, such as for the treatment of an infected wound.
[0168] In one embodiment, said polynucleotide encoding is provided as vector adapted for expression of said anti-
bacterial polypeptide in the bacteria. In one embodiment, the vector is a phage. Ways of configuring vectors are described
herein by non-limiting examples. The skilled person is familiar with means of adapting vectors for delivery and expression
of a transgene, such as a polynucleotide encoding an antibacterial polypeptide of the present, in a target bacterium.
[0169] In another application of the present disclosure, the antibacterial polypeptide is a polypeptide encoded by SEQ
ID NO:1 (dinQ gene sequence). In a further application of the present disclosure, said polypeptide is selected from the
group consisting of

(a) a polypeptide encoded by SEQ ID NO:1 (dinQ gene sequence),
(b) a functionally equivalent subsequence of (a) of at least 15 amino acids
(c) a functionally equivalent polypeptide with a sequence identity of at least 85% to (a) or (b).

[0170] In one application of the present disclosure, the antibacterial polypeptide selected from the group consisting
of SEQ ID NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide), SEQ
ID NO:9 (DinQ ORF-IV peptide), SEQ ID NO:11(DinQ ORF-V peptide) and SEQ ID NO:17 (DinQ ORF-V peptide with
N-tem Met). In a preferred embodiment, the antibacterial polypeptide SEQ ID NO:11 (DinQ ORF-V peptide).
[0171] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
[0172] In another preferred embodiment, the antibacterial peptide is encoded by a phage vector adapted for expression
of the polypeptide in said bacterium.
[0173] A further aspect concerns a method of treating a bacterial infection in a subject (such as a human being in the
need thereof), said method comprising the step of administering to said subject a pharmaceutical composition comprising
an effective amount of an antibacterial polypeptide of the present invention.
[0174] Thus in one embodiment, said method comprising the step of administering to said subject the pharmaceutical
composition of the present invention comprising an effective amount of an antibacterial polypeptide of the present
invention or said vector of the present invention.
In another embodiment the method is an adjunctive treatment.
[0175] In one embodiment, the method of treating a bacterial infection in a subject comprises a further step of is
administered to said subject in the need thereof an effective amount of at least one other antibiotic. In another embodiment,
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the pharmaceutical composition of the present invention is administered to said subject prior to the administered of the
other antibiotic in order to sensitize the bacteria to said other antibiotic.
[0176] In a further embodiment, said least one other antibiotic is selected from the group consisting of: rifamycine,
aminoglycosides, carbapenems, cephalosporins, cephems, glycopeptides, fluoroquinolones/quinolones,macrolides, ox-
azolidinones, penicillins, streptogramins, sulfonamides, and tetracyclines. Most preferably, the antibiotic is rifamycin or
quinolone.
In yet a further embodiment, said at least one other antibiotic is selected from nucleic acid synthesis inhibitors such as
nalidixic acid and mitomycin C, protein synthesis inhibitors such as tetracycline, cell wall inhibitors such as ampicillin,
and metabolic inhibitors such as erythromycin.
[0177] One aspect concerns the use of a polypeptide antibacterial polypeptide of the invention or polynucleotide of
the invention for reducing the load of or inhibiting the propagation of a bacterium. In one embodiment, said polypeptide
is used in combination with a least one antibiotic.
[0178] In one embodiment, the polypeptide or vector of the invention is used for reducing the load of or inhibiting the
propagation of a bacterium in vitro.
[0179] One embodiment concerns, a method for reducing the load of or inhibition of propagation of a bacterium is
performed on an infected subject such as a mammal, said group of mammals not including humans. In another embod-
iment, the group of mammals does include humans.
[0180] In a further embodiment, the method for reducing the load of or inhibition of propagation of a bacterium is
performed on an infected subject is also provided for the treatment of bacterial infections, where the subject in the need
of treatment are allergic to the antibiotic that would otherwise be indicated.
[0181] Another embodiment the method for reducing the load of or inhibition of propagation of a bacterium, where the
bacteria is resistant to at least one commonly used antibiotic.
[0182] As mentioned above, the polypeptides/polynucleotides or expression vectors encoding the same may be applied
as a stand-alone treatment or adjunctive treatment.

DinQ increase sensitivity to antibiotics

[0183] The inventors have discovered that bacteria displaying elevated DinQ expression display increased sensitivity
to antibiotics used to combat bacterial infections. Various types of antibiotics such as nucleic acid synthesis inhibitors,
(nalidixic acid, mitomycin C), protein synthesis inhibitors (tetracycline), cell wall inhibitors (ampicillin) and metabolic
inhibitors (erythromycin) were tested in strains with elevated levels of DinQ or no DinQ expression. The inventors find
that the E. coli mutant with elevated DinQ displayed increased sensitivity to all the antibiotics tested (Figure 16 and
Example 14). It thus appears that DinQ increases influx or inhibits efflux of antibiotics.
[0184] It is clear from the experimental data provided in Example 14 and presented in Figure 16, that the effect of
adjunctive treatment of bacterial infection may be synergistic. In particular if the infection is treated with the antibacterial
polypeptides of the invention and subsequently treated with a antibiotic such as at least one of the commonly know
antibiotics described herein.

Sepsis

[0185] Sepsis is a serious clinical condition in which infectious agents (e.g. bacteria) or products of infection (bacterial
toxins) enter the blood, lungs, skin, or other tissues and profoundly affect body systems. Sepsis is characterized by a
whole-body inflammatory state (referred to as systemic inflammatory response syndrome or SIRS) reflecting the presence
of a known or suspected infection.
In the context of the present invention, the term "sepsis" refers to sepsis associated with an underlying bacterial infection.
[0186] A further aspect concerns a method of treating sepsis in a subject (such as a human being in the need thereof),
said method comprising the step of administering to said subject a pharmaceutical composition comprising an effective
amount of an antibacterial polypeptide of the present invention.
[0187] One application of the present disclosure concerns the method for treating sepsis by increasing the activity of
a antibacterial peptide encoded by SEQ ID NO:1 (dinQ gene sequence) in said bacterium.
[0188] In one application of the present disclosure, the method comprises introducing a polypeptide in said bacterium,
wherein said polypeptide is selected from the group consisting of

(a) a polypeptide encoded by SEQ ID NO:1 (dinQ gene sequence),
(b) a functionally equivalent subsequence of (a) of at least 15 amino acids (c) a functionally equivalent polypeptide
with a sequence identity of at least 85% to (a) or (b).

[0189] In one application of the present disclosure, the antibacterial polypeptide selected from the group consisting
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of SEQ ID NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide), SEQ
ID NO:9 (DinQ ORF-IV peptide), SEQ ID NO:11(DinQ ORF-V peptide) and SEQ ID NO:17 (DinQ ORF-V peptide with
N-tem Met).
[0190] In a preferred embodiment, the antibacterial polypeptide SEQ ID NO:11 (DinQ ORF-V peptide). In another
preferred embodiment, the antibacterial polypeptide SEQ ID NO:17 (DinQ ORF-V peptide with N-tem Met)
[0191] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
[0192] In another preferred embodiment, the antibacterial peptide is encoded by vector such as a phage vector adapted
for expression of the polypeptide in said bacterium. Accordingly, the antibacterial polypeptide is delivered to the patient
in the form of a vector adapted for targeting the bacteria and expressing the antibacterial polypeptide in said bacteria.
[0193] One embodiment of the invention concerns an antibacterial peptide of the present invention for use as a
medicament.
[0194] In one application of the present disclosure, the antibacterial polypeptide selected from the group consisting
of SEQ ID NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide), SEQ
ID NO:9 (DinQ ORF-IV peptide), SEQ ID NO:11(DinQ ORF-V peptide) and SEQ ID NO:17 (DinQ ORF-V peptide with
N-tem Met).
[0195] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
Another aspect of the present invention concerns an antibacterial peptide of the present invention for use in the treatment
of a bacterial infection. Yet another aspect concerns the use of an antibacterial peptide of the present invention for the
preparation of a medicament for the treatment of a bacterial infection. In one embodiment, the infection is an infected
wound.
[0196] A further aspect of the present invention concerns an antibacterial peptide of the present invention for use in
the treatment of sepsis. Yet a further aspect concerns the use of an antibacterial peptide of the present invention for the
preparation of a medicament for the treatment of sepsis.
[0197] In one application of the present disclosure, the antibacterial polypeptide selected from the group consisting
of SEQ ID NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide), SEQ
ID NO:9 (DinQ ORF-IV peptide), SEQ ID NO:11(DinQ ORF-V peptide) and SEQ ID NO:17 (DinQ ORF-V peptide with
N-tem Met).
[0198] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
[0199] In one embodiment, said antibacterial polypeptide is for adjunctive treatment.
[0200] In another embodiment, said antibacterial polypeptide is for use in combination with another antibiotic such as
an antibiotic selected from the group consisting of: rifamycine, aminoglycosides, carbapenems, cephalosporins, ce-
phems, glycopeptides, fluoroquinolones/quinolones, macrolides, oxazolidinones, penicillins, streptogramins, sulfona-
mides, tetracyclines, nalidixic acid, mitomycin C, ampicillin, and metabolic inhibitors such as erythromycin.
[0201] One embodiment of the invention concerns a vector (such as a recombinant phage) encoding and adapted for
expression an antibacterial peptide of the present invention for use as a medicament.
[0202] In one application of the present disclosure, the antibacterial polypeptide selected from the group consisting
of SEQ ID NO:3 (DinQ ORF-I peptide), SEQ ID NO:5 (DinQ ORF-II peptide), SEQ ID NO:7 (DinQ ORF-III peptide), SEQ
ID NO:9 (DinQ ORF-IV peptide), SEQ ID NO:11 (DinQ ORF-V peptide) and SEQ ID NO:17 (DinQ ORF-V peptide with
N-tem Met).
[0203] In another embodiment, the functionally equivalent polypeptide is selected from the group consisting of SEQ
ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21
(I7V variant of DinQ ORF-V peptide), and SEQ ID NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide).
[0204] One aspect of the present invention concerns a vector (such as a recombinant phage) encoding and adapted
for expression an antibacterial peptide of the present invention for use in the treatment of a bacterial infection. Another
aspect concerns the use of a vector (such as a recombinant phage) encoding and adapted for expression an antibacterial
peptide of the present invention for the preparation of a medicament for the treatment of a bacterial infection.
In one embodiment, said vector (such as a recombinant phage) is for adjunctive treatment.
[0205] In another embodiment, said vector (such as a recombinant phage) is for use in combination with another
antibiotic such as an antibiotic selected from the group consisting of: rifamycine, aminoglycosides, carbapenems, ce-
phalosporins, cephems, glycopeptides, fluoroquinolones/quinolones, macrolides, oxazolidinones, penicillins, strepto-
gramins, sulfonamides, tetracyclines, nalidixic acid, mitomycin C, ampicillin, and metabolic inhibitors such as erythro-
mycin.
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[0206] A further aspect of the present invention concerns a vector (such as a recombinant phage) encoding and
adapted for expression an antibacterial peptide of the present invention for use in the treatment of sepsis. Yet a further
aspect concerns the use of a vector (such as a recombinant phage) encoding and adapted for expression an antibacterial
peptide of the present invention for the preparation of a medicament for the treatment of sepsis.
[0207] It follows that the medicaments described herein may be in a form to be administered through an oral, intrave-
nous, an inhalation, intramuscular or subcutaneous route. In another embodiment, the medicaments is in a form to be
administered topically, such as for the treatment of an infected wound.

Bacteria

[0208] The bacteria may be any bacteria, which are susceptible modulation of the dinQ expression, or in which dinQ
expression induce cytoxicity.
[0209] The bacterium is preferably a gram negative, even more preferably the bacterium is selected from the group
of pathogenic E.coli, Salmonella, Campylobacter, Shigella, Klebsiella, Staphylococcus aureus, Bacillus subtitles, Bacillus
cereus and Neisseria meningitidis.
[0210] In one embodiment, the antibacterial DinQ polypeptides, polynucleotides and expression vectors encoding the
same for use for reducing the load of or inhibition of propagation of a bacterium resistant to commonly used antibiotics
such as in the treatment of multidrug resistant bacteria.

Delivery

[0211] Delivery of polynucleotide, heterologous genes, or polypeptides of the invention may be done by direct injection,
by the use of carrier lipids, by the use of carrier peptides, or using a phage derived vector system.
[0212] Since the DinQ polypeptides causes membrane depolarisation and ATP depletion of the bacteria (Example 7
and 8), the method of the invention can be used to increase the sensitivity of a bacterium to other antibiotics .
[0213] Thus, in one embodiment of the invention, the antibacterial DinQ polypeptides or polynucleotides encoding the
same are used in combination with another antibiotic such as an antibiotic is selected from the group consisting of:
rifamycine, aminoglycosides, carbapenems, cephalosporins, cephems, glycopeptides, fluoroquinolones/quinolones,
macrolides, oxazolidinones, penicillins, streptogramins, sulfonamides, and tetracyclines. Most preferably, the antibiotic
is rifamycin or quinolone.
[0214] In yet a further embodiment, said at least one other antibiotic is selected from nucleic acid synthesis inhibitors
such as nalidixic acid and mitomycin C, protein synthesis inhibitors such as tetracycline, cell wall inhibitors such as
ampicillin, and metabolic inhibitors such as erythromycin.

General

[0215] Reference to any prior art in this specification is not, and should not be taken as, an acknowledgment or any
form of suggestion that this prior art forms part of the common general knowledge in any country.
[0216] All patent and non-patent references cited in the present application, are hereby incorporated by reference in
their entirety.
[0217] As will be apparent, preferred features and characteristics of one aspect of the invention may be applicable to
other aspects of the invention. The invention may be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in all respects illustrative
rather than limiting on the invention described herein. Scope of the invention is thus indicated to be the appended claims
rather than by the foregoing description, and all changes that come within the meaning and range of equivalency of the
claims are intended to be embraced by reference therein.
[0218] It should be understood that any feature and/or aspect discussed above in connection with the methods ac-
cording to the invention apply by analogy to the prevention of antibiotic resistance or prevention of the development of
antibiotic resistance.
[0219] Throughout this specification the word "comprise", or variations such as "comprises" or "comprising", will be
understood to imply the inclusion of a stated element, integer or step, or group of elements, integers or steps, but not
the exclusion of any other element, integer or step, or group of elements, integers or steps.
[0220] The invention will hereinafter be described by way of the following non-limiting Figures and Examples.
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Figure legends

Figure 1

Overview of the dinQ/agrAB locus

[0221]

A. Genomic organization of agr-dinQ locus in E. coli. This locus contains three genes originating from separate
promoters; two constitutively expressed transcripts, agrA and agrB (grey box), and one divergently transcribed gene,
dinQ (grey box), which is regulated by the LexA binding site during the SOS response. Transcription initiation sites
are indicated by color-coded arrows.
B. Sequence of the full length ars gor intergenic region with hallmarks. Promoter elements, -10 and -35, LexA boxes
and terminator sequences are underlined. Transcription start ( ) and stop ( ) for dinQ, agrA and agrB has been
experimentally determined. The ars gor intergenic sequence contain repeat sequences, agrAB repeat (shadowed).
The agrAB repeat of dinQ is antisense to sequences in the agrA and agrB transcripts and the alignment of these is
shown in D.
C. Sequence of the fullength dinQ transcript with annotated open reading frames. The dinQ transcript contains two
open reading frames encoding putative peptides of 18 and 49 aa, in which the 49 aa ORF contain four putative start
codons (underlined and assigned), ORFii of 49 aa, ORFiii of 42 aa, ORFiv of 38 aa and alternative transcription
start codon GTG at ORFv of 27 aa. Notably, ORFv is the only translated reading frame in vivo, see text. Terminator
sequences are underlined.
D. Alignment of agrAB sequence antisense to dinQ.

Figure 2

dinQ expression pattern and transcription start

[0222]

A. Northern analysis of dinQ and agrAB transcripts. A riboprobe specific to either dinQ or agrAB was hybridized to
a Northern blot with total RNA extracted from strains lacking dinQ, agrA or agrB compared to wt AB1157 before
and after UV exposure. Transcription pattern as indicated with alternative transcripts dinQ-a-b-c-d suggests a com-
plicated regulation of transcription initiation according to the antisense homologue sequence to agrA and agrB.
dinQ-b is up-regulated in agrB confirming that agrB is a regulator of dinQ gene expression.
B. A [32P] labelled primer specific to dinQ was used to investigate the point of transcription initiation of the alternative
dinQ transcripts according to the expression pattern shown in A (see materials and methods for details). The primer
was hybridized to total RNA extracted from strains lacking RNaseIII (SK7621), agrA (BK4042) or agrB (BK4043)
and compared to wt AB1157. Signals detected was correlated in size and intensity to the Northern blot in A and
assigned according to that. dinQ-b is of main interest because of the phenotype observed with the agrB mutant.
C. A [32P] labeled primer specific to agrAB was used to investigate the point of transcription initiation of agrAB. Total
RNA from a strain lacking agrB (BK4043) was used to localize agrA transcription start and vice versa for agrB
(BK4042) localization due to the transcripts sequence homology (see materials and methods for details). The point
for transcription initiation is indicated with an asterix (red) for each transcript.

Figure 3

Mutant phenotypes

[0223]

A. Growth rates of wild type compared to dinQ (BK4040) and agrAB single and double mutant combinations (agrAB
BK4041/agrA BK4042/ agrB BK4043/dinQ-agrAB BK4044). The agrB single and agrAB double mutant displayed a
prolonged lag phase compared to the other strains investigated.
B. UV-survival of dinQ, agrA and agrB single mutants, agrAB double mutant and the agrAB dinQ triple mutant. The
agrAB double mutant and agrB single mutant is extremely sensitive to UV irradiation. Deletion of dinQ in the agrAB
mutant making a triple mutant relieves the UV sensitivity of the double mutant, indicating that the agrB transcript is
important for antisense control of dinQ transcription.
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C. UV survival of wild-type E. coli over expressing dinQ-agrAB (pBK440) or dinQ (pBK444). High expression levels
of dinQ makes the cell sensitive to UV irradiation in a similar manner as deletion of agrB. Co-expression of agrAB
toghether with dinQ relieves the UV sensitivity of dinQ alone indicating that the agrB transcript plays an important
role regarding regulation of dinQ transcription.

Figure 4

Toxic phenotypes

[0224]

A. IPTG sensitivity in strains plated on IPTG. An aliquot or serially diluted (10-1-10-5cells ml-1) log-phase cultures
of wild type E. coli with empty expression vector pET28b(+) or vector constructs with alternative DinQ ORFs were
spotted onto LB plates containing no IPTG (left panel) or 0.6 mM IPTG (right panel). The growth indicates a toxic
effect with DinQ ORF 2-5 when the translation is forced by IPTG induction.
B. IPTG-survival of wild-type E. coli over-expressing putative dinQ encoded peptides related to UV exposure. Upper
panel show the effect of IPTG induction without UV exposure, lower panel show the effect of IPTG induction after
UV exposure. The toxic effect observed is caused by IPTG induction and thereby overproduction of the peptide, not
induction of the SOS response by UV irradiation.

Figure 5

[0225] In vitro transcription/translation assay with [14C]-Leucine with the different DinQ open reading frame constructs
(ORF1-2-3-4-5) and dinQ DNA templates (dinQ-a-b-d) were carried out as described in materials and methods. There
are peptides translated from all ORFs except ORF1 with decreasing size. A peptide of similar size as ORF5 is translated
from alternative dinQ transcript dinQ-b indicating ORF5 as the active translated DinQ peptide.

Figure 6

[0226] Localization of Flag-tagged DinQ.
Cells were harvested after IPTG induction and total protein extracts were fractionated as described in materials and
methods. Fractions was analysed by Western blotting using antibodies against FLAG, Lep and TolC. Lep and TolC were
used as established IM and OM marker proteins respectively. T: total protein; C: cytoplasmic fraction; IM: inner membrane
fraction; OM: outer membrane fraction.

Figure 7

DinQ peptide structure

[0227]

A. The DinQ ORF V peptide consist of 20 hydrophobic amino acids and 7 hydrophilic amino acids.
B. Computational model of DinQ ORF V indicate a single transmembrane domain. The model shows four successive
90 degree rotations of the transmembrane peptide.

Figure 8

[0228] Alignment of sequences generating translational active transcripts of TisB and dinQ. The nucleotides in bold
is indicating cleavage site. Putative recognition sequence for cleavage enzyme is underlined.

Figure 9

Membrane depolarization upon DinQ overproduction

[0229] Changes in membrane depolarization upon DinQ ORF2 and -ORF5 overproduction examined by flow cytometry
as described in materials and methods.

A. Control cells with empty vector pET28b(+) at 0, 5 and 20 minutes after addition of IPTG, staining with DiBAC4(3)
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and 10.000 cells were counted.
B. Cells over-expressing DinQ ORF2 0, 5 and 20 minutes after addition of IPTG, staining with DiBAC4(3) and 10.000
cells were examined by flow cytometry.
C. Cells over-expressing DinQ ORF5 at 0, 5 and 20 minutes after induction with IPTG was stained with DiBAC4(3)
before 10.000 cells were counted and examined by flow cytometry.

The graphs are representative of at least three repetitions.

Figure 10

Intracellular ATP concentration

[0230] The staple diagram shows ATP concentrations before and 20 minutes after addition of IPTG to control cells
AB1157 and mutant agrB (BK4043) cells. ATP concentrations were determined by a luciferase-based assay (Promega)
see materials and methods for details.

Figure 11

[0231] DNA content histograms of control strain AB1157 (upper panel row) and agrB mutant (BK4043) (lower panel
row) grown in ABTGcasa at 37°C with indicated time points after with rifampicin treatment. Distinct peaks represent the
accumulation of cells with integral numbers of chromosomes that reflect the numbers of origins at the time of drug action.

Figure 12

RT-qPCR

[0232] The staple diagram shows quantitatively amounts of the SOS response regulator genes recA and lexA related
to dinQ and agrAB mutants. There are no significant differences in recA and lexA expression level between the control
strain AB1157 and the mutants concluding that the genes investigated shows no effect according to regulation of the
SOS response in E. coli.

Figure 13

Filamentation

[0233] Fluorescence microscopy of UV exposed (50 J/m2) cells followed by growth for 1 and 2.5 h. Cells were grown
in K-medium and stained with acridine orange.

Figure 14

IPTG induction of ORF2 dinQ

[0234] E.coli K12 ER2738 cell densities before, following, with and without IPTG induction (1 mM) of ORF2 (dinQ) at
180 min / OD600 = 0.4.

Figure 15

[0235] E.coli K12 ER2738 survival upon exposure to phagemids containing various constructs: a control, ORF2 &
ORF5 from dinQ

Figure 16

[0236] Bacterial strains with increased levels of dinQ (BK4043) showing increased sensitivity to various classes of
antibiotic. See Example 14 for further details.

Figure 17

[0237] A map over the plasmid pORF5 which is packed into the phagmid particles and ultimately is responsible for
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the expression of ORF5 inside of E.coli. The map includes the following features: Bla b-lactamase, selection to stably
maintain the plasmid within the propagating bacteria, F1 ori the bacteriophage origin of replication to direct a ssDNA
copy into the phagemid particles, pUC origin for bacterial replication and ORF5 from dinQ for expression of the toxin in
the absence of lacI.

Figure 18

[0238] Mus musculus in vivo experiments showing a 100 fold reduction in viable E.coli counts following treatment of
a sepsis model.. See Example 16 for further details.

Figure 19

Peptide secondary structure prediction and 3D modeling

[0239] A. DinQ amino acid sequence with predicted secondary structure elements (H = helix, ’-’ = other) and corre-
sponding reliability index (range 0 - 9). B. 3D modeling of DinQ as a regular alpha-helix embedded in a lipid membrane.
Polar patch formed by residues Glu17 and Arg20 encircled by dashed ellipse.

Figure 20

[0240] Microscopy of E.coli overexpressing dinQ ORF5 upon IPTG induction. Four hours after IPTG addition many
"ghost" cells are seen (2) compared to healthy E.coli (1). The data demonstrate that the dinQ ORF5 peptide damages
membrane integrity in such a way that allows the passive diffusion out of the contents of the bacterium affected (see
Example 18 for further details).

Figure 21

[0241] Overexpressing dinQ ORF5 in E.coli (upon IPTG induction) leads to the appearance of small colony variants
(SCV). The SCV count decreased simultaneously with the number of viable bacteria. It has been previously demonstrated
that SCV are due to impaired respiration and therefore ATP production. The SCV phenotype has been shown in other
bacterial species to be a result of the inhibition of respiration. A damaged inner membrane that results in reduced ATP
production and subsequently limits growth could result in the phenotype seen above.

Figure 22

[0242] UV radiation survival measurements showing the difference between wild type dinQ toxicity and dinQ when
the amino acid substitutions G10K or L23I or I7V are used (see Example 20 for further details).

Figure 23

[0243] UV radiation survival measurements showing the difference between wild type dinQ toxicity and dinQ when
the amino acid substitutions L12I and I13V are used (see Example 21 for further details).

Examples

MATERIALS AND METHODS/Experimental procedures

Strains Plasmids and Media

[0244] The experiments were carried out in strains AB1157 (arg, his, leu, pro, thr, ara, gal, lac, mtl, xyl, thi, tsx, rpsL,
supE and kdgK) (17), Mutants were made in strain BW25113-pKD46 (21) and introduced into AB1157 via T4GT7
transduction. Vector pKK232-8 contains a promoter less cat gene allowing for selection of DNA fragments containing
promoter activity.
pBK440 (dinQ-agrAB)/pBK444 (dinQ) is based on the vector pKK232-8 (Phamacia) with a 700bp insert from the intergenic
region between ars-gor in MCS. I.e. a plasmid that expresses E. coli dinQ transcript from its own SOS inducible promoter.
[0245] Expression plasmids pET28b-ORF1, pET28b-ORF2, pET28b-ORF3, pET28b-ORF4 and pET28b-ORF5 con-
tains the DinQ ORF1, ORF2, ORF3, ORF4 and ORF5 open reading frames inserted in the NcoI-BamHI restriction sites
of the pET28b(+) vector (Novagen).
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[0246] Cells were grown in LB media or K-medium and washed in M9 buffer.
3xFLAG constructs obtained from GenScript co.

Example 1 - Sequence analysis

[0247] The inventors performed a search for promoter and transcriptional terminator sequences in the arsR-gor inter-
genic region and also a computational search of the whole E. coli genome for the 20 nt LexA binding sequence. As
expected this search identified the dinQ LexA box found earlier (Fernandez de Henestrosa et al., Mol Microbiol 2000),
however, a second LexA box (HI=13.82) in close proximity to the first dinQ LexA box was identified (Fig 1A and1B). The
search for promoters and terminators identified putative -10 and -35 sequences corresponding to the dinQ promoter
which overlaps LexA box 1 and LexA box 2, and a putative dinQ terminator sequence a few nucleotides downstream of
the translational stop codon of the gor gene (Fig 1B). In addition the search for promoter and terminator sequences
identified two new genes, termed agrA and agrB, containing consensus like -10 and -35 sequences and rho independent
terminator sequences (Fig 1A and B). AgrA and agrB are transcribed in the opposite direction of dinQ.

Example 2 - Northen blot

[0248] RNA was isolated as previously described (Saetrom,P., Sneve,R., Kristiansen,K.I., Snove,O., Jr., Grunfeld,T.,
Rognes,T. and Seeberg,E. (2005) Predicting non-coding RNA genes in Escherichia coli with boosted genetic program-
ming. Nucleic Acids Res., 33, 3263-3270). RNA samples (5 mg) were denatured at 95°C in gel loading buffer (95%
formamide, 0.025% SDS, 0.025%, Bromophenol Blue, 0.025% Xylene Cyanol, 18 mM EDTA, (Ambion)) separated on
a denaturing 8% polyacrylamide gel with 1xtaurin and transferred to nylon membrane (Hybond XL, Amersham) by
electroblotting.
Radiolabeled RNA probes were synthesized with MAXIscript (Ambion) and hybridized using ExpressHyb Hybridization
Solution (BD biosciences). Hybridization signals were visualized on Typhoon 9410 (Amersham).

Characterization of the dinQ, agrA and agrB transcripts

[0249] To estimate the approximate size of the dinQ, agrA and agrB transcripts, Northern blots with total RNA isolated
from E. coli AB1157, BK4040, BK4042, and BK4043 were hybridized with radiolabelled riboprobes against the respective
genes before and after UV irradiation (Fig 2A). The dinQ probe generate four (a-d) signals in which the main transcript
(a) migrates according to the expected size of full-length dinQ, 330 nt. DinQ c, b and d migrates as transcripts of about
290, 250 and 200 nt according to the size marker. All signals are absent in the dinQ mutant demonstrating that all four
transcripts are derived from dinQ. The dinQ transcript(s) are induced in response to UV in wild type and agrA mutant
but not in agrB. However, the full-length dinQ product is several fold upregulated in the agrA and agrB mutants under
normal growth. These data indicate a regulatory mechanism by RNA interference. Notably, the dinQ-b signal is much
stronger in the agrB mutant as compared to the wild type and agrA mutant while the dinQ-c product is much weaker in
the agrB mutant. These results indicate that agrA and agrB interfere differently with the dinQ transcript.

Example 3 - Primer extension

[0250] The RNA sample, 10mg/4ml, was combined with 10ml (100 000 CPM) of g-32P-ATP labeled primer and 1ml
53hybridizationbuffer (250mM HEPES-KOH pH 7.5, 500mM KCl). The hybridization mixture was heated to 75°C in a
cover heated thermo cycler and cooled down to 25°C over a period of 90 minutes. The extension reaction was performed
by combining the hybridization mixture with 2.5ml of 5xelongationbuffer (125mM Tris-HCl pH 8.5, 125mM HCl, 25mM
DTT, 25mM MgCl2) and 5ml dNTP-mix (1mM dNTP, 40U AMV Reverse Transcriptase (Promega), tot 50ml) and incubated
for 30 minutes at 42°C. The extension product together with sequencing reactions (Thermo Sequenase Radionlabeled
Terminator Cycle Sequenceing Kit, usb) primed with the same primer was separated on a sequencing gel. Primer
extension signals were visualized on Typhoon 9410 (Amersham).
[0251] Primer extension of dinQ RNA revealed transcript starts at 0, +44 and +125 corresponding to the estimated
size of dinQ-a, -b and -d, respectively (Fig 2B). In agreement with the Northern analysis the inventors find that the +44
primer extension product is much stronger in the agrB mutant as compared to wild type and agrA while the +125 product
is weaker.
The agrA/B probes showed that the agrB transcript migrates slightly slower than the agrB transcript, and none of the
transcripts were regulated in response to UV irradiation (Fig 2A). Transcript start of the homologous agrA and agrB
genes was mapped to the same position by primer extension (Fig 2B), indicating that the transcripts are processed/ter-
minated differently at the 3’end.
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Example 4 - In vitro transcription/translation

[0252] In vitro transcription/translation on circular pET28b(+) templates or linear PCR products was performed in line
with Promegas protocols E. coli T7 S30 Extract System for Circular DNA and E. coli S30 Extract System for Linear
Templates respectively with [14C] Leucine as radiolabeled amino acid. The translation products were analysed by SDS-
PAGE and visualized on Typhoon 9410 (Amersham).

Example 5 - Protein fractionation/membrane localization

[0253] Aliquots of bacterial culture were taken 20 minutes after IPTG induction (1mM) and harvested by centrifugation.
Pellets were resuspended in 4 ml of 50 mM phosphate buffer pH 7.2 and sonicated three times for 15 seconds. Further
fractionation was performed as described by Unoson and Wagnar (2008). Proteins from all fractions was acetone-
precipitated 1:1 overnight at -20°C, pellet after centrifugation was resuspended in 4xNuPAGE sample loading buffer
(Invitrogen) and loaded onto 10% NuPAGE Novex Bis-Tris gels (Invitrogen).

Example 6 - Immunoblotting

[0254] Protein fractions run on 10% NuPAGE Novex Bis-Tris gels (Invitrogen) were transferred to a PVDF membrane
by electroblotting. Membranes were further blocked in PBS/3%BSA for 1 hour and incubated at least 1 hour with primary
antibody anti-FLAG M2-alkaline phosphatase (SIGMA) (1:1.000 in PBS/3% BSA), anti-TolC (kindly provided by prof
Koronakis) (1:2.000 in PBS/3%BSA) or anti-Lep (kindly provided by Prof de-Gier) (1:10.000 in PBS/3%BSA). The mem-
branes were washed thrice in PBS/0.05% Tween prior to incubation with secondary antibody (Sigma) specific to the
origin (1:30.000 anti-mouse/anti-rabbit) of the primary antibody for at least 1 hour. After 2 washes in PBS/0.05% Tween
and one wash in 0.9 % NaCl/10 mM Tris pH 7.5, ECL solution (Amersham Biosciences) was added to develop the blot.
Western blot signals were visualized on Typhoon 9410 (Amersham Biosciences).
[0255] Subcellular fractionation and western blot experiments were performed to determine intracellular localization
of DinQ ORF2 and -ORF5. As antibodies against the native DinQ ORF2 and -ORF5 could not be obtained, the inventors
introduced a 3xFLAG epitope upstream of the dinQ ORF2 and -ORF5 coding gene in the pET28 based construct. Spot
assays verified that both FLAG-ORF2 and -ORF5 was active (data not shown). Cells were harvested at several time-
points after induction of expression to test the level of expression. FLAG-ORF2 and -ORF5 was not detectable before
IPTG induction but from 5 to 40 min the inventors observed increasing levels of both peptides (data not shown). Cells
were fractionated (cytosol, inner-membrane and outer-membrane) and loaded on a denaturing SDS-PAG as described
in materials and methods. Antibodies against Lep and TolC were used as positive controls for inner and outer membrane
fractions, respectively. The cytoplasmic fraction is partly contaminated with inner membrane; however, the outer and
inner membrane fractions are clean preparations without cross-contaminations. Fig 6 shows that both FLAG-ORF2 and
-ORF5 is distributed in a similar manner as the inner membrane marker Lep and confine DinQ ORF2 and -ORF5 to be
localized to the inner membrane of E. coli.

Example 7 - Flow cytometry

[0256] Cells were grown to OD600≈0.4 in LB and then induced with IPTG to a final concentration of 1 mM. At 0, 5 and
20 minutes culture samples were diluted 1:10 in filtered AB minimal medium (Clark and Maaløe, 1967) + 10 mg ml-1
DiBAC4(3) (Sigma-Aldrich). After 20 minutes incubation in the dark at room temperature, cells were analysed in a
Flowcytometry LSRII (Becton Dickinson) equipped with an argon ion laser and a krypton laser (both Spectra Physics).
DiBAC4(3) was detected in channel 580 using 488 nm laser. Parameters were collected as logarithmic signals. The two
populations were easily separated in each staining experiment. The data obtained was analyzed by winMDI software.

DinQ overexpression depolarize cellmembrane

[0257] To examine whether DinQ affects membrane polarization, the inventors tested the ability of E. coli cells with
dinQ containing plasmids to take up the dye DiBAC4(3) [bis-(1,3-dibarbituric acid)-trimethine oxanol]. The dye enters
cells upon membrane depolarization leading to increased fluorescence. Cells were taken 5 and 20 minutes after induction
of DinQ expression with IPTG, incubated with DiBAC4(3) for 20 min and analyzed by flow cytometry (Fig 9). No changes
was observed for the plasmid control pET28b(+). Induction of DinQ-ORF2, -ORF3 (data not shown), -ORF4 (data not
shown) and ORF5 showed rapid and dramatic effects on the membrane integrity suggesting depolarization of the cell
membrane with induced levels of the DinQ peptide. The effect on DiBAC uptake is most pronounced for cells carrying
pET28-ORF5 suggesting that DinQ ORF5 is the biologically active peptide expressed in vivo.
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Example 8 - ATP Assay

[0258] Aliquots of cells were harvested before and 20 minutes after induction with IPTG to a final concentraion of 1
mM and washed once in 50 mM Tris-Acetate pH 7.75. ATP was extracted from washed cells by 1% (TCA) trichloraceticacid
in 50 mM Tris-Acetate pH 7.75 for 10 minutes. Tris-acetate buffer (1 ml) was added 1:10 to obtain optimal pH of 7.75
before mixing with rL/L reagent (ENLITEN ATP assay, Promega) at room temperature. The amount of ATP extracted
(RLU value) was measured with 20/20 Luminometer (Turner Designs) and related to the OD600 for each sample.
[0259] DinQ overexpression decrease intracellular ATP concentrations The Western blot analysis of the cellular frac-
tionation results in Fig. 6 showed that DinQ is localized to the inner membrane of E. coli. Therefore, the inventors suggest
that DinQ might compromise the inner membrane integrity, which would be expected to affect the proton motive force,
thereby affecting ATP generation and possible permit leakage of nucleotides. The effect of DinQ peptide on the intrac-
ellular ATP concentration was measured using a quantitative luciferase-based assay (see materials and methods for
details). The inventors chose to measure the ATP level in the agrB mutant BK4043 in which the DinQ peptide (dinQ-b)
is shown to be up-regulated and not lethal under normal physiology (Fig 2). Extracts from uninduced and SOS-induced
agrB cells and wild-type cells, AB1157, were analysed 20 minutes after exposure by UV irradiation (sublethal doses).

SOS induction.

[0260] The ATP concentration in agrB cells was significantly lover compared to wild type AB1157 before UV-irradiation,
Fig 10. Twenty minutes after SOS induction the ATP concentration increased approximately 0.8 times in both strains.
Thus, overproduction and insertion of the DinQ peptide into the inner membrane of E. coli impairs the energy supply in
the form of ATP.

Example 9 - Deleting agrB results in UV sensitivity

[0261] The 34 nt antisense region in agrB gene indicate a function in antisense regulation of dinQ. This antisense
sequence is partially complementary in agrA suggesting that both the agrA and agrB transcripts could basepair with the
dinQ transcript. To examine the role of agrA and agrB in regulating dinQ, three single mutants, one double mutant and
one triple mutant were constructed. The agrA (BK4042), agrB (BK4043) and dinQ (BK4040) single mutants were gen-
erated by deleting each of the genes and introducing a kanr cassette. Next, the agrA agrB double mutant (BK4041) was
generated by deleting both genes and introducing a kanr cassette. To construct a triplemutant the entire arsR-gor
intergenic region containing dinQ, agrA and agrB was deleted (BK4044) and replaced with the kanr cassette. To ensure
the function of dinQ, the deletions of agrA and agrB was made without destroying the dinQ operator. dinQ belong to the
LexA regulon in E. coli which regulates the SOS response. Several mutants of the SOS response, which play a direct
role in DNA repair, display UV sensitivity. To examine the role of the dinQ-agrAB locus in the SOS response the inventors
tested UV sensitivity of the various mutants (Fig 3B). The agrB single mutant and agrA-agrB double mutant showed a
significant increase in UV sensitivity compared to the isogenic wild type strain AB1157. In contrast, the agrA and dinQ
single mutants and the dinQ agrA agrB triplemutant showed no UV sensitivity. These data indicate a role for agrB in
protection to UV exposure, in which the agrB transcript modify the dinQ transcript. According to the Northern blot (Fig
2A) agrB repress accumulation of the +44 dinQ/dinQ-b transcript. It thus appears that the +44 dinQ product mediates
the UV sensitivity of the agrB mutant.

Example 10 - Over-expression of dinQ

[0262] To further investigate the role of the gor-arsR inter genic region in UV protection, the inventors cloned agrA,
agrB or dinQ separately or the entire region containing all three genes in to the cloning vector pKK232-8. Wild type
AB1157 transformed with the plasmid pKK232-8-dinQ showed increased sensitivity to UV as compared to AB1157
transformed with the pKK232-8 (cloning vector), Fig 3C. AB1157 transformed with constructs expressing agrA or agrB
exhibited wild type resistance to UV (data not shown). Interestingly, wild type cells transformed with the plasmid carrying
the entire gor-arsR encoding dinQ showed no UV sensitivity, demonstrating that agrA/B neutralize the UV sensitizing
effect of dinQ. The agrB mutant BK4043 (Fig 3B) and the wild type cells transformed with pKK232-8-dinQ (Fig 3C)
displayed the same sensitivity to UV. These results suggest that agrB modulate the UV sensitivity induced by the dinQ
expression.

Slow growth, small colonies in agrB mutant

[0263] During construction of the agrB mutant and the agrAB double mutant it was notified that the mutants were
forming small colonies when plated on LB agar. To further investigate this growth phenotype the inventors compared
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the growth of the agrB mutant BK4043 with the growth of its isogenic wild type AB1157 in addition to the other single-
double- and triple mutants described. OD600 was measured during growth and a sample was diluted and plated for
viable counts. Figure 3A showed that the agrB single mutant and agrAB double mutant mutant dispose a delay in entry
into exponential phase. These results indicate a specific independent role for agrB in regulation of the exponential growth
phase entry.

Example 11 - Mapping the DinQ open reading frame

[0264] The mechanism underlying the UV sensitive phenotype of DinQ in a multicopy situation or under upregulation
in an agrB mutant is unknown. The dinQ gene contain two putative open reading frames in which one of the reading
frames encode three putative start codons (ii-iv, see Fig 1C). None of the ORFs shows homology to known peptides.
To examine if any of the open reading frames mediate the UV sensitivity each reading frame were cloned into the
expression vector pET28b(+) and expressed under control of IPTG (Fig 4A). Unexpectedly, the inventors observed that
ORF-II-IV showed a strong toxic/growth inhibitory effect in presence of IPTG induction even in absence of UV, demon-
strating that the sequence of ORF IV is sufficient to possess the dinQ phenotype. Next, DinQ ORF II expression was
titrated with increasing concentrations of IPTG (Fig 4C) showing that ORF IV is highly toxic to the cells at very low doses
of IPTG induction. In vitro transcription-translation experiments with pET28 ORF I to IV in E. coli T7/S30 extracts (Prome-
ga) showed that peptides II-IV were expressed whereas no expression could be detected from ORF I (Fig5A). Notably,
extracts with the pET28-ORF VI construct produced two peptides of approximately 4.5 and 3.5 kDa, in which the smallest
peptide is indicating an alternative start codon within ORF IV. A closer inspection of the dinQ sequence indicates a Shine
Dalgarno motif within ORF IV in optimal position to initiate translation at a Val codon (termed codon v in Fig 1C), which
is encoding a putative peptide of 27 aa termed ORF V. In order to examine this reading frame the inventors cloned the
sequence in to pET28(+), transformed the construct in to wild type cells and monitored survival during UV exposure and
IPTG induction. Similar to ORF II-VI the inventors find that ORF V display strong toxicity under IPTG expression in
absence of UV (Fig 4). Further in vitro translation in E. coli T7/S30 extracts with pET28-ORFV and denaturing SDS-
PAGE showed that the ORF V peptide and the smallest peptide synthesized from ORF IV are identical (Fig 5, lane 5
and 6). These results suggest that translation of ORF V is sufficient to mediate DinQ toxicity. Next, the inventors examined
expression of DinQ peptide(s) in E. coli S30 extracts with PCR products corresponding to dinQ transcripts a, b and d
as template. Interestingly, transcript dinQ-b produced a peptide identical to the size of ORFV from pET28-ORFV whereas
no translation was observed with transcript a and d. These data support that the +44 dinQ (dinQ-b) transcript, which is
abundant in the UV sensitive agrB mutant, is actively translated to produce the DinQ-ORFV peptide.

dinQ structure

[0265] Computational modelling of the DinQ peptide ORF V indicates a single transmembrane domain (Fig 7). Thus
it appears that the DinQ peptide is spanning the inner membrane of E. coli. Therefore the inventors suggest that DinQ
may modulate processes that occur at the inner membrane such as replication, transcription, recombination or oxidative
phosphorylation.

Example 12 - E.coli K12 ER2738 survival assay

[0266] The E.coli K12 ER2738 cells containing a repressor plasmid and an inducible plasmid which can express ORF2
from dinQ were initially grown overnight before sub-culturing 1:100. The density of cells was then followed by measuring
the optical density at 600 nm. IPTG (1 mM) was added to one of the samples once a density of 0.4 was reached. The
optical density was then followed over the next 7 h. The data are presented in Figure 14.

Example 13 - E.coli K12 ER2738 phagemid survival assay

[0267] Bacteria (E.coli K12 ER2738) were grown to an OD600 = 0.8. The cells were then diluted to a final density of
106 CFU/ml before the addition of IPTG so that the final concentration in each suspension will be 1 mM. An aliquot of
cells (105 CFU) was then mixed with an equal volume of phagemid (8 x 109 PFU/ml) and incubated without shaking
(37°C, 1 h). The solutions were plated out (LB, IPTG 1 mM) using serial dilution and the surviving colonies counted the
following day. The data are presented in Figure 15.
[0268] Example 14 - Bacterial strains with increased levels of dinQ (BK4043) showing increased sensitivity to various
classes of antibiotic.
[0269] The results for the spot assay are relative to the background strain AB1157 and a dinQ knockout strain (BK4040).
Dimethyl sulfoxide (DMSO) is included as a control and a common solvent for the antibiotics studied. Ampicillin (Amp)
is a broad spectrum beta-lactam antibiotic. Tetracycline (Tet) is a broad spectrum polyketide antibiotic. Mitomycin C
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(MMC) is an aziridine antitumour antibiotic. Nalidixic acid (Nal) is a broad spectrum quinolone antibiotic and chloram-
phenicol (Chl) is a broad spectrum bacteriostatic antibiotic. Log phase bacteria were diluted using a ten-fold dilution
series and then plated (LB, 1.5% agar) on plates containing the antibiotic of interest at the concentrations shown.
Following overnight incubation the number of surviving colonies was recorded. The data are presented in Figure 16.
[0270] Example 15 - Synthesis of the filamentous phagemid particles.
[0271] R408 helper phages were prepared and the titer calculated using standard protocols from a clearly isolated
well defined plaque. An O/N culture of ER2738 APlacITpBHR cells containing the toxic protein expression vector, e.g.
pORF5 (Figure 17 and SEQ ID NO: 18), were diluted (1:100) and allowed to grow to OD600 = 0.5 at which point the cells
were infected with helper phage (MOI = 17). The cells were then incubated (30°C, 300 rpm, O/N) and subsequently
centrifuged (3900 x g, 15 min, 4°C). The supernatants were filtered (0.2 mm) and precipitated (5% polyethylene glycol
(PEG) 6000, 0.5 M NaCl, 4°C, 3 h). After collecting the phage particles by centrifugation (16,000 x g, 30 min, 4°C) they
were resuspended (5% PEG 6000, 0.5 M NaCl, 50 mM Tris-HCl (pH 7.5), 100 mM NaCl, 10 mM MgSO4) and precipitated
(4°C, O/N). Following collection by centrifugation (16,000 x g, 30 min, 4°C) re-suspension in SM buffer (50 mM Tris-HCl
(pH 7.5), 100 mM NaCl, 10 mM MgSO4) re-centrifugation (16,000 x g, 30 min, 4°C) the supernatant was removed and
the titer was calculated. A serial dilution of the phagemid solutions into a suspension of ER2738 / APlacITpBHR which
has been incubated (37°C, 250 rpm, 6 h) from a single colony was used for titering.
[0272] Example 16 - Mus musculus in vivo experiments show a 100 fold reduction in viable E.coli counts following
treatment of a sepsis model.
[0273] Neutropenia was induced by the intraperitoneal injection of cyclophosphamide (Sigma, 200 ml of a 25 mg/ml
solution) six days, three days and one day before the experiment. For the experiment an O/N culture of ER2738 was
diluted to OD600 = 0.5 and incubated without rotation to an OD600 = 1.0 (37°C). These were injected (200 ml, ∼1 x 108

CFU) intraperitoneally together with IPTG (100 ml of a 250 mM solution) and one of the following: SM buffer (200 ml),
control phagemid particles or dinQ phagemid particles (200 ml of a 1.2 x 1010 PFU/ml solution). Samples of blood were
taken from the thigh one, three, five and 24 h after the phagemid treatment, serially diluted and plated (LB, agar 1.5%,
tetracycline) to determine the bacterial load. The data are presented in Figure 18.

Example 17 - Computer modelling of DinQ peptide

[0274] Computer modelling of DinQ predict a single transmembrane peptide Analysis of the DinQ amino acid sequence
using the consensus secondary structure prediction tool Jpred3 reveal that DinQ has high propensity to form a single
alpha-helix. All residues except a few on each flanking terminal are predicted with high confidence to belong to the
predicted alpha-helix (Figure 19, A). With 20-22 residues in a single alpha-helix, the DinQ peptide could straightforwardly
form a transmembrane helix of 6 full turns spanning more than 30Å, as shown by modeling of DinQ using a regular
alpha-helical template (Figure 19, B). The two positively charged lysine residues (Lys4 and Lys9) are close to the
phospholipid head groups, while particularly the charged Glu17, but also Arg20 may form a polar patch that can interact
with other membrane embedded proteins (Figure 7B).

Example 18

[0275]

[0276] E.coli capable of overexpressing dinQ ORF5 were plated (LB agar 2%, kan, tet, amp) and incubated (O/N,
37°C). A single colony was picked and grown (37°C, 16 h, 200 rpm) in liquid media (LB, kan, tet, amp). The culture was
then adjusted to OD600 = 0.03 in fresh media (LB, kan, tet, amp) and allowed to grow (37°C, 16 h, 200 rpm) back to

Abbreviations
Kan Kanamycin, 100 mg/ml
Amp Ampicillin, 200 mg/ml

Tet Tetracycline, 20 mg/ml
LB Lysogeny broth
O/N Overnight
h Hours
RT Room temperature
OD600 Optical density at 600 nm

Rpm Revolutions per minute
IPTG Isopropyl β-D-1-thiogalactopyranoside
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OD600 = 0.5 before induction with IPTG (1 mM). After incubation (4 h, 37°C, 200 rpm) an aliquot (200 ml) of the E.coli
suspension was removed and fixed in MeOH (1 ml, -20°C). After centrifugation (2000 rpm, 4°C, 5 min) the cells were
aspirated and re-suspend in NaCl (0.9% in H2O). The samples were then spotted onto slides and allowed to dry (42°C).
The slides were then washed 3 x H2O and allowed to air dry (RT) before microscopy (see Figure 20).
[0277] Four hours after IPTG addition many "ghost" cells are seen. A typical E.coli, "1", is seen in the microscope
picture x 40, where the optical properties of the cell mean that it produces a heavy shadow. A typical ghost cell "2" is
shown for comparison, the membrane of the organism remains intact while due to the actions of dinQ ORF5 the con-
stituents of the bacteria can passively diffused out and be replaced by the surrounding media. This results in a cell image
with much less defined shadowing. The dinQ ORF5 peptide damages membrane integrity in such a way that allows the
passive diffusion out of the contents of the bacterium affected.

Example 19

Abbreviations

SCV Small colony variants

[0278] E.coli capable of overexpressing dinQ ORF5 were incubated (O/N, 37°C, 200 rpm) before subculturing to OD600
= 0.01 (LB, kan, tet, amp). After incubation (37°C, 200 rpm) to OD600 = 0.5 expression of the toxin was either induced
with IPTG (1 mM) or not. At time points after the addition the bacteria were serially diluted (x 10) and plated (LB, 2%
agar). After incubation (16 h, 37°C) the plates were counted. Colony size was estimated and those 10 x smaller than a
typical colony were counted as a small colony variant SCV (see Figure 21).
[0279] Upon induction with IPTG small colony variants, SCV, were seen, these decreased simultaneously with the
number of viable bacteria between 50 and 70 minutes after treatment indicating that it was these bacteria that were
being removed from the culture by IPTG treatment and therefore that the SCV could represent an intermediate phenotype
during toxin killing. It has been previously demonstrated that SCV are due to impaired respiration and therefore ATP
production. Conclusion The SCV phenotype has been shown in other bacterial species to be a result of the inhibition of
respiration. A damaged inner membrane that results in reduced ATP production and subsequently limits growth could
result in the phenotype seen above.

Example 20

[0280] UV radiation survival measurements showing the difference between wild type dinQ toxicity and dinQ when
the amino acid substitutions G10K or L23I or I7V are used (see Figure 22). Three functional (active) single mutant
variants of dinQ ORF5 are provided below.

G10K
(SEQ ID NO: 19) MIDKAIIVLKALIALLELIRFLLQLLN

L23I
(SEQ ID NO: 20) MIDKAIIVLGALIALLELIRFLIQLLN

I7V
(SEQ ID NO: 21) MIDKAIVVLGALIALLELIRFLLQLLN

As compared to the wild type dinQ ORF5 sequence
(SEQ ID NO: 17) MIDKAIIVLGALIALLELIRFLLQLLN

[0281] The spots in Figure 22 represent E.coli ER2566 dilutions in the range of 100-10-5 (left to right). UV irradiation
of 24 J/m2 was used to induce dinQ toxicity (right picture), and was compared to the unirradiated control assay (left
picture). Control cells carry the vector plasmid (pKK232-8), and cells carrying the plasmid encoding intact dinQ (pBK444),
were used as reference. The data demonstrates that the following amino acid substitutions G10K or L23I or I7V maintain
the toxicity of the dinQ peptide upon UV induction.

Example 21

[0282] UV radiation survival measurements showing the difference between wild type dinQ toxicity and dinQ when
the amino acid substitutions L12I and I13V are used (see Figure 23). One functional (active) double mutant variants of
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dinQ ORF5 is provided below.

(SEQ ID NO: 22) MIDKAIIVLGAIVALLELIRFLLQLLN

As compared to the wild type dinQ ORF5 sequence
(SEQ ID NO: 17) MIDKAIIVLGALIALLELIRFLLQLLN

[0283] The spots Figure 23 represent E.coli ER2566 dilutions in the range of 100-10-5 (left to right). UV irradiation of
24 J/m2 was used to induce dinQ toxicity (right picture), and was compared to the unirradiated control assay (left picture).
Control cells carry the vector plasmid (pKK232-8), and cells carrying the plasmid encoding intact dinQ (pBK444), were
used as reference (see Figure 23). The data demonstrates that the following amino acid substitutions L12I and I13V
maintain the toxicity of the dinQ peptide upon UV induction.
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SEQUENCE LISTING

[0285]

<110> Oslo Universitetssykehus
Bjørås, Magnar
Weel-Sneve, Ragnhild
Kristiansen, Knut Ivan
Booth, James

<120> Antibacterial polypeptides and use thereof

<130> 45065PC01

<150> EP 09172106.8
<151> 2009-10-02

<150> US 61/329,440
<151> 2010-04-29

<160> 22

<170> PatentIn version 3.5

<210> 1
<211> 378
<212> DNA
<213> Escherichia coli

<220>
<221> protein_bind
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<222> (6) .. (25)
<223> lexA box 1

<220>
<221> -35_signal
<222> (9)..(14)

<220>
<221> protein_bind
<222> (28)..(47)
<223> lexA box 2

<220>
<221> -10_signal
<222> (33)..(38)

<220>
<221> misc_binding
<222> (132)..(165)
<223> agrAB repeat

<220>
<221> terminator
<222> (338)..(351)

<220>
<221> terminator
<222> (356)..(369)

<400> 1

<210> 2
<211> 57
<212> DNA
<213> Escherichia coli

<220>
<221> CDS
<222> (1)..(57)

<400> 2
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<210> 3
<211> 18
<212> PRT
<213> Escherichia coli

<400> 3

<210> 4
<211> 150
<212> DNA
<213> Escherichia coli

<220>
<221> CDS
<222> (1)..(150)

<400> 4

<210> 5
<211> 49
<212> PRT
<213> Escherichia coli

<400> 5
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<210> 6
<211> 129
<212> DNA
<213> Escherichia coli

<220>
<221> CDS
<222> (1)..(129)

<400> 6

<210> 7
<211> 42
<212> PRT
<213> Escherichia coli

<400> 7

<210> 8
<211> 117
<212> DNA
<213> Escherichia coli
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<220>
<221> CDS
<222> (1)..(117)

<400> 8

<210> 9
<211> 38
<212> PRT
<213> Escherichia coli

<400> 9

<210> 10
<211> 84
<212> DNA
<213> Escherichia coli

<220>
<221> CDS
<222> (1)..(84)

<400> 10

<210> 11
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<211> 27
<212> PRT
<213> Escherichia coli

<400> 11

<210> 12
<211> 85
<212> DNA
<213> Escherichia coli

<400> 12

<210> 13
<211> 86
<212> DNA
<213> Escherichia coli

<400> 13

<210> 14
<211> 330
<212> DNA
<213> Escherichia coli

<400> 14

<210> 15
<211> 287
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<212> DNA
<213> Escherichia coli

<400> 15

<210> 16
<211> 209
<212> DNA
<213> Escherichia coli

<400> 16

<210> 17
<211> 27
<212> PRT
<213> Escherichia coli

<400> 17

<210> 18
<211> 3094
<212> DNA
<213> Artificial Sequence

<220>
<223> plasmid pORF5

<400> 18



EP 2 482 836 B1

37

5

10

15

20

25

30

35

40

45

50

55



EP 2 482 836 B1

38

5

10

15

20

25

30

35

40

45

50

55



EP 2 482 836 B1

39

5

10

15

20

25

30

35

40

45

50

55

<210> 19
<211> 27
<212> PRT
<213> Artificial Sequence

<220>
<223> G10K variant of dinQ ORF V peptide

<400> 19

<210> 20
<211> 27
<212> PRT
<213> Artificial Sequence

<220>
<223> L23I variant of dinQ ORF V peptide

<400> 20
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<210> 21
<211> 27
<212> PRT
<213> Artificial Sequence

<220>
<223> I7V variant of dinQ ORF V peptide

<400> 21

<210> 22
<211> 27
<212> PRT
<213> Artificial Sequence

<220>
<223> double mutant variant (L12I, I13V) of dinQ ORF V peptide

<400> 22

Claims

1. An isolated antibacterial polypeptide that has an amino acid sequence chosen from the group consisting of SEQ ID
NO:17 (DinQ ORF-V peptide with N-terminal Met), SEQ ID NO:19 (G10K variant of DinQ ORF-V peptide), SEQ ID
NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21 (I7V variant of DinQ ORF-V peptide), SEQ ID NO:22
(L12I, I13V double mutant variant of DinQ ORF-V peptide) and SEQ ID NO: 11 (DinQ ORF-V peptide).

2. A vector comprising a nucleic acid sequence encoding a polypeptide according to claim 1, wherein said vector is
adapted for expression of said polypeptide and wherein said polypeptide is selected from the group consisting of
SEQ ID NO:17 (DinQ ORF-V peptide with N-terminal Met), SEQ ID NO:19 (G10K variant of DinQ ORF-V peptide),
SEQ ID NO:20 (L23I variant of DinQ ORF-V peptide), SEQ ID NO:21 (I7V variant of DinQ ORF-V peptide), SEQ ID
NO:22 (L12I, I13V double mutant variant of DinQ ORF-V peptide) and SEQ ID NO: 11 (DinQ ORF-V peptide).

3. The vector according to claim 2, wherein said vector is a phage.

4. A polypeptide according to claim 1 or a vector according to claims 2-3 for use as a medicament.
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5. A polypeptide according to claim 1 or a vector according claims 2-3 for use in the treatment of a bacterial infection.

6. The polypeptide or vector for use according to claim 5, wherein the bacterial infection is sepsis.

7. The polypeptide or vector for use according to any of claims 4-6, wherein said polypeptide or vector is used in
combination with another antibiotic such as an antibiotic selected from the group consisting of: rifamycine, aminogly-
cosides, carbapenems, cephalosporins, cephems, glycopeptides, fluoroquinolones/quinolones, macrolides, oxazo-
lidinones, penicillins, streptogramins, sulfonamides, tetracyclines, nalidixic acid, mitomycin C, ampicillin, and met-
abolic inhibitors such as erythromycin.

8. A pharmaceutical composition for use as an antibacterial comprising

- a vector according to claims 2-4, or
- an antibacterial polypeptide according to claim 1, and

at least one pharmaceutically acceptable additive.

9. An in vitro method for reducing the load of or inhibition of propagation of a bacterium, comprising introducing a
polypeptide in said bacterium, wherein said polypeptide is SEQ ID NO:17(DinQ ORF-V peptide with N-tem Met) or
SEQ ID NO:11(DinQ ORF-V peptide).

10. A polypeptide according to claim 1 or vector according to claims 2-4 for use in reducing the load of or inhibiting the
propagation of a bacterium in vitro.

Patentansprüche

1. Isoliertes antibakterielles Polypeptid mit einer Aminosäuresequenz, ausgewählt aus der Gruppe, bestehend aus
SEQ ID NR.: 17 (DinQ-ORF-V-Peptid mit N-terminalem Met), SEQ ID NR.: 19 (G10K-Variante des DinQ-ORF-V-
Peptids), SEQ ID NR.: 20 (L23I-Variante des DinQ-ORF-V-Peptids), SEQ ID NR.: 21 (I7V-Variant des DinQ-ORF-
V-Peptids), SEQ ID NR.: 22 (L12I-/I13V-Variante mit zwei Mutationen des DinQ-ORF-V-Peptids) und SEQ ID NR.:
11 (DinQ-ORF-V-Peptid).

2. Vektor, umfassende eine Nukleinsäuresequenz, die für ein Polypeptid nach Anspruch 1 codiert, wobei der Vektor
für die Expression des Polypeptids beschaffen ist und wobei das Polypeptid ausgewählt ist aus der Gruppe, beste-
hend aus SEQ ID NR.: 17 (DinQ-ORF-V-Peptid mit N-terminalem Met), SEQ ID NR.: 19 (G10K-Variante des DinQ-
ORF-V-Peptids), SEQ ID NR.: 20 (L23I-Variante des DinQ-ORF-V-Peptids), SEQ ID NR.: 21 (I7V-Variant des DinQ-
ORF-V-Peptids), SEQ ID NR.: 22 (L12I-/I13V-Variante mit zwei Mutationen des DinQ-ORF-V-Peptids) und SEQ ID
NR.: 11 (DinQ-ORF-V-Peptid).

3. Vektor nach Anspruch 2, wobei der Vektor ein Phage ist.

4. Polypeptid nach Anspruch 1 oder Vektor nach Anspruch 2-3 zur Verwendung als Arzneimittel.

5. Polypeptid nach Anspruch 1 oder Vektor nach Anspruch 2-3 zur Verwendung bei der Behandlung einer bakteriellen
Infektion.

6. Polypeptid oder Vektor zur Verwendung nach Anspruch 5, wobei die bakterielle Infektion Sepsis ist.

7. Polypeptid oder Vektor zur Verwendung nach einem der Ansprüche 4-6, wobei das Polypeptid oder der Vektor in
Kombination mit einem anderen Antibiotikum verwendet wird, wie einem Antibiotikum, ausgewählt aus der Gruppe,
bestehend aus: Rifamycin, Aminoglycosiden, Carbapenemen, Cephalosporinen, Cephemen, Glycopeptiden, Fluor-
chinoloneb/Chinolonen, Makroliden, Oxazolidinonen, Penicillinen, Streptograminen, Sulfonamiden, Tetracyclinen,
Nalidixinsäure, Mitomycin C, Ampicillin und metabolischen Inhibitoren wie Erythromycin.

8. Pharmazeutische Zusammensetzung zur Verwendung als Antibakterium, umfassend

- einen Vektor nach Anspruch 2-4 oder
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- ein antibakterielles Polypeptid nach Anspruch 1 und

mindestens ein pharmazeutisch unbedenkliche Zusatzmittel.

9. In-vitro-Verfahren zum Senken der Belastung mit oder zum Hemmen der Vermehrung von einem Bakterium, um-
fassend das Einführen eines Polypeptids in das Bakterium, wobei das Polypeptid SEQ ID Nr.: 17(DinQ-ORF-V-
Peptid mit N-tem Met) oder SEQ ID NR.: 11(DinQ-ORF-V-Peptid) ist.

10. Polypeptid nach Anspruch 1 oder Vektor nach Anspruch 2-4 zur Verwendung bei der Senkung der Belastung mit
oder bei der Hemmung der Vermehrung von einem Bakterium in vitro.

Revendications

1. Polypeptide antibactérien isolé ayant une séquence d’acides aminés choisie dans le groupe constitué de SEQ ID
NO:17 (peptide DinQ ORF-V avec N-terminal Met), SEQ ID NO:19 (variant G10K du peptide DinQ ORF-V), SEQ
ID NO:20 (variant L23I du peptide DinQ ORF-V), SEQ ID NO:21 (variant I7V du peptide DinQ ORF-V), SEQ ID
NO:22 (variant double mutant L12I, I13V du peptide DinQ ORF-V) et SEQ ID NO: 11 (peptide DinQ ORF-V).

2. Vecteur comprenant une séquence d’acides aminés codant pour un polypeptide selon la revendication 1, dans
lequel ledit vecteur est adapté pour l’expression dudit polypeptide et dans lequel ledit polypeptide est choisi dans
le groupe constitué de SEQ ID NO:17 (peptide DinQ ORF-V avec N-terminal Met), SEQ ID NO:19 (variant G10K
du peptide DinQ ORF-V), SEQ ID NO:20 (variant L23I du peptide DinQ ORF-V), SEQ ID NO:21 (variant I7V du
peptide DinQ ORF-V), SEQ ID NO:22 (variant double mutant L12I, I13V du peptide DinQ ORF-V) et SEQ ID NO:
11 (peptide DinQ ORF-V).

3. Vecteur selon la revendication 2, dans lequel ledit vecteur est un bactériophage.

4. Polypeptide selon la revendication 1 ou vecteur selon les revendications 2 et 3, destiné à être utilisé comme médi-
cament.

5. Polypeptide selon la revendication 1 ou vecteur selon les revendications 2 et 3, destiné à être utilisé dans le traitement
d’une infection bactérienne.

6. Polypeptide ou vecteur destiné à être utilisé selon la revendication 5, dans lequel l’infection bactérienne est une
sepsie.

7. Polypeptide ou vecteur destiné à être utilisé selon l’une quelconque des revendications 4 à 6, dans lequel ledit
polypeptide ou vecteur est utilisé en combinaison avec un autre antibiotique tel qu’un antibiotique choisi dans le
groupe constitué de : rifamycine, des aminoglycosides, des carbapenems, des céphalosporines, des cephems, des
glycopeptides, des fluoroquinolones/quinolones, des macrolides, des oxazolidinones, des pénicillines, des strepto-
gramines, des sulfamides, des tétracyclines, acide nalidixique, mitomycine C, ampicilline et inhibiteurs métaboliques
tels que l’érythromycine.

8. Composition pharmaceutique destinée à être utilisée comme antibactérien, comprenant

- un vecteur selon les revendications 2 à 4, ou
- un polypeptide antibactérien selon la revendication 1, et

au moins un additif pharmaceutiquement acceptable.

9. Procédé in vitro de réduction de la charge ou d’inhibition de la propagation d’une bactérie, consistant à introduire
un polypeptide dans ladite bactérie, dans lequel ledit polypeptide est SEQ ID NO:17(peptide DinQ ORF-V avec N-
tem Met) ou SEQ ID NO:11(peptide DinQ ORF-V).

10. Polypeptide selon la revendication 1 ou vecteur selon les revendications 2 à 4, destinés à réduire la charge ou à
inhiber la propagation d’une bactérie in vitro.



EP 2 482 836 B1

43



EP 2 482 836 B1

44



EP 2 482 836 B1

45



EP 2 482 836 B1

46



EP 2 482 836 B1

47



EP 2 482 836 B1

48



EP 2 482 836 B1

49



EP 2 482 836 B1

50



EP 2 482 836 B1

51



EP 2 482 836 B1

52



EP 2 482 836 B1

53



EP 2 482 836 B1

54



EP 2 482 836 B1

55



EP 2 482 836 B1

56



EP 2 482 836 B1

57



EP 2 482 836 B1

58



EP 2 482 836 B1

59



EP 2 482 836 B1

60



EP 2 482 836 B1

61



EP 2 482 836 B1

62



EP 2 482 836 B1

63



EP 2 482 836 B1

64



EP 2 482 836 B1

65



EP 2 482 836 B1

66



EP 2 482 836 B1

67



EP 2 482 836 B1

68



EP 2 482 836 B1

69



EP 2 482 836 B1

70



EP 2 482 836 B1

71



EP 2 482 836 B1

72

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 09172106 A [0285] • US 61329440 B [0285]

Non-patent literature cited in the description

• FERNANDEZ DE HENESTROSA et al. Mol Micro-
biol, 2000 [0006]

• SAETROM,P. ; SNEVE,R. ; KRISTIANSEN,K.I. ;
SNOVE,O., JR. ; GRUNFELD,T. ; ROGNES,T. ;
SEEBERG,E. Predicting non-coding RNA genes in
Escherichia coli with boosted genetic programming.
Nucleic Acids Res., 2005, vol. 33, 3263-3270 [0248]
[0284]

• FERNANDEZ DE HENESTROSA et al. Molecular
Microbiology, 2000, vol. 35, 1560-1572 [0284]

• HEMM et al. Molecular Microbiology, 2008, vol. 70
(6), 1487-1501 [0284]

• UNOSON C ; WAGNER EG. A small SOS-induced
toxin is targeted against the inner membrane in Es-
cherichia coli. Molecular Microbiology, 2008, vol. 70,
258-70 [0284]


	bibliography
	description
	claims
	drawings
	cited references

