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ANTIBACTERIAL METHODS & CELLS

TECHNICAL FIELD

The invention relates to methods of killing bacterial target cells comprising Resistance-Nodulation-
Cell Division (RND)-efflux pumps, as well as carrier cells useful for this purpose wherein the carrier
cells comprise a conjugative plasmid encoding an antibacterial-microbial agent that is toxic to target
cells. A carrier bacterium is capable of conjugative transfer of plasmid DNA encoding tfhe agent to a

target cell.

BACKGROUND

Bacterial efflux systems as determinants of multidrug resistance

Efflux pumps are bacterial transport proteins which are involved in extrusion of substrates from the
cellular interior to the external environment. These substrates are often antibiotics, imparting the
efflux pump expressing bacteria antibiotic resistant phenotype. From the first drug-resistant efflux
pump discovered in the 1990s, the development in molecular microbiology has led to the
characterization of many efflux pumps in Gram-positive bacteria (GPB) including methicillin-
resistant Staphylococcus aureus (MRSA), Streptococcus pneumoniae, Clostridium difficile,
Enterococcus spp. and Listeria monocytogenes and Gram-negative bacteria (GNB) such

as Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae, Stenotrophomonas
maltophilia, Campylobacter jejuni, Pseudomonas aeruginosa, Neisseria gonorrhoeae, Vibrio
cholerae and Salmonella spp. Since these transport substrates against a concentration gradient, these
efflux pumps are energy dependent. Based on the mechanism by which these derive this energy, the
efflux pumps are broadly classified into two categories. The primary efflux pumps draw energy from
active hydrolysis of ATP, whereas the secondary efflux pumps draw energy from chemical gradients
formed by either protons or ions such as sodium. Five major families of efflux pumps have been
described in the prokaryotes, namely: (/) ATP binding cassette (ABC), which are primary active
transporters, (i) small multidrug resistance family, (iii) multidrug and toxin extrusion (MATE)
family, (iv) major facilitator superfamily (MFS) and (v) resistance nodulation cell division (RND)
family. RND family efflux pumps have tripartite organization and are the major contributors to
intrinsic antibiotic resistance, which expel a broad spectrum of antibiotics and biocides, including
fluoroquinolones, B-lactams, tetracycline and linezolid. Apart from drug resistance, the physiological
role of efflux pumps in bacteria extends to bile tolerance in enteric bacteria, leading to colonization,

increase in virulence, biofilm secretion and bacterial survival in the host.

Biofilms are complex microbial associations anchored to abiotic or biotic surfaces, embedded in

extracellular matrix produced by the biofilms themselves where they interact with each other and the
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environment. One of the main properties of biofilms is their capacity to be more resistant to
antimicrobial agents than planktonic cells. Efflux pumps have been reported as one of the mechanisms
responsible for the antimicrobial resistance in biofilm structures. Evidence of the role of efflux pump
in biofilm resistance has been found in several microorganisms such as Pseudomonas

aeruginosa, Escherichia coli and Candida albicans.

RND efflux pumps

Multidrug efflux pumps belonging to the resistance-nodulation cell division (RND) family have major
roles in the intrinsic and elevated resistance of Gram-negative bacteria to a wide range of compounds.
RND efflux pumps require two other proteins to function: a membrane fusion protein (MFP) and an
outer membrane protein. It has been demonstrated that Salmonella enterica serovar Typhimurium has
five RND efflux systems: AcrAB, AcrD, AcrEF, MdtABC and MdsABC. Most RND efflux system

genes also code for an MFP in the same operon.

Efflux pumps belonging to the resistance-nodulation-division (RND) family of transporters are the
major multi-drug efflux (Mex) mechanism in both E coli and P aeruginosa. The pumps in this family
consist of three components that function via active transport to move numerous molecules, including
antibiotics, out of the cell: an antiporter that functions as a transporter (¢.g., MexB, Mex D, MexF,
MexY), an outer membrane protein that forms a surface-exposed channel (e.g., OprC, OprB, OprG,
OptD, Optl, OprH, OprP, OprO, OprM, Opr], OprN), and a periplasmic membrane fusion protein that
links the two proteins (¢.g., MexA, MexC, MexE, MexH, MexX). This system is the major efflux
pump associated with intrinsic resistance among 17 possible RND efflux pumps in P aeruginosa. P
aeruginosa is more resistant than E. coli due to a highly impermeable OM and the presence of
multiple efflux systems. Inactivation of the Mex efflux pump renders P aeruginosa more vulnerable

to antibiotics than the average E coli strain.

The flavonoid-responsive RND family of efflux pumps includes several members, such as AcrAB
from Erwinia amylovora, feAB from Agrobacterium tumefaciens, MexAB-OprM from Pseudomonas
syringae, BjG30 from Bradyrhizobium japonicum, and EmrAB in Sinorhizobium meliloti, among
others. Further supporting the role of this efflux pump in bacteria/plant interactions, it has been
reported that E. amylovora, an enterobacterium that causes fire blight on species of the Rosaceae
family, has an AcrAB efflux pump, which confer resistance to phytoalexins, and that is required for
successful colonization of the plants and for bacterial virulence. This finding is in agreement with the
idea that the ability export toxic compounds is one of the key traits for survival in the rhizosphere,

and efflux pumps may have a relevant role for achieving resistance to these toxic compounds.
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Phylogenetically close to E. coli, the enterobacterial pathogen Salmonella enterica serovar
Typhimurium presents at least nine multidrug efflux pumps. Among these pumps, AcrAB, the
orthologue of the E. coli efflux pump with the same name, contributes to antimicrobial resistance and
has a wide substrate spectrum that includes antibiotics, dyes, and detergents. Another important gut
pathogen is Campylobacter jejuni. Among the known antibiotic resistance mechanisms of this
microorganism, the CmeABC efflux pump is a relevant player and confers resistance to structurally-
diverse antibiotics and toxic compounds, including those naturally present in its animal host, as bile
salts. CmeABC belongs to the RND family of efflux transporters and its expression is regulated by
the transcriptional repressor CmeR, which binds to a specific site in the promoter region of cmeABC.
Free-living bacteria, including opportunistic pathogens with an environmental origin, should respond
to different signals and this may impact their behaviour in clinical and non-clinical ecosystems. For
instance, Pseudomonas aeruginosa express several RND-type efflux systems, among which four,
MexAB-OprM, MexCD-OprJ, MexEF-OprN, and MexXY-OprM are reported to be significant

determinants of multidrug resistance.

The fact that the expression of MDR efflux pumps is induced by host-produced compounds suggests
that they can play a role in the virulence of bacterial pathogens. Indeed, it has been shown that

the Vibrio cholerae efflux pump VexB is the primary efflux system responsible for resistance to bile
salts in this microorganism. Since bile salts are present at the human gut, the activity of this efflux
pump is a pre-requisite for V. cholerae infection. A similar situation happens with AcrAB, the main
pump responsible for bile salts resistance in Enterobacteriaceae, which is required for the
pathogenesis of Salmonella enterica serovar Typhimurium. Notably this efflux pump is involved as
well in the bacterial capability for forming biofilms. A protective role to host antibacterial compounds
has also been described in the case of Neisseria gonorrhoeae. In this organism, the MtrCDE efflux
pump contributes to resistance to vertebrate antibacterial peptides, and FarAB is involved in
resistance to long-chain fatty acids. The activity of these efflux pumps contributes to the pathogenesis
of N. gonorrhoeae. Similarly, the Campylobacter jejuni CmeABC efflux pump confers resistance to

bile salts, fatty acids, and detergents, and is needed for the colonization of the intestinal tract.

Together with their role in modulating the quorum-sensing response, and consequently bacterial
virulence, these results support the notion that MDR efflux pumps, besides contributing to the

resistance of bacterial pathogens, are major contributors to their pathogenicity.

Pseudomonas syringae pv. tomato DC3000 (PsPto) is a phytopatogenic bacterium that infects tomato
(causing bacterial speck) and Arabidopsis thaliana. PsPto can grow epiphytically and endophytically

on plant foliage without causing disease symptoms. In the early stages of the infective
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phase, PsPto enters the plant through wounds and natural openings (such as stomata) and multiplies in
the apoplastic space by exploiting live host cells. In this scenario, bacterial survival in the apoplast is
one of the key factors for the establishment of a bacterial density large enough to further infect
adjacent plant tissues. However, plant apoplast represents a harsh environment for bacteria since it is
laden with antimicrobial compounds, both preformed (phytoanticipins) and inducible (phytoalexins),
which constitute chemical barriers capable of inhibiting the growth of the pathogen. In fact, plants
produce antimicrobial peptides and a variety of secondary metabolites such as phenylpropanoids,
isoprenoids, and alkaloids, that are generally accepted to play a role in protecting plants against
pathogens. Using the tomato-PsPto pathosystem, an increased expression of phenylpropanoid
biosynthetic genes has been detected upon bacterial infection, with specific accumulation of different
phenylpropanoids such as hydroxycinnamic acid amides conjugated to alkaloids, chlorogenic acid
(CGA), and the flavonoid rutin. Tomato plants have also been reported to produce other number of
flavonoids like chalconaringenin, rutin, quercetin 3-0-(2"-0O-8-apiosyl-6"-O-a-rhamnosyl-8-
glucoside) or phloretin 3', 5'-di-C-B-glucoside. To overcome the effect of these potentially toxic
compounds, plant-associated bacteria have in turn evolved different defense strategies, among which
multidrug resistance (MDR) efflux pumps are the most widespread. MDR transporters can recognize
and pump out many different organic compounds (often structurally dissimilar), providing resistance
to antibiotics and many other antimicrobial compounds. Microorganisms with the largest number of
MDR pumps are found in the soil or in association with plants. Although still scarce, several studies
on plant-pathogen interactions with bacteria from the genera Xanthomonas, Ralstonia, Erwinia and
Dickeya have shown that efflux pumps can contribute to bacterial virulence, bacterial fitness,

resistance to plant antimicrobials, or competition with epiphytic bacteria.

Regarding P. syringae, most studies have been focused on MexAB-OprM, an efflux pump from the
resistance-nodulation-cell division (RND) family. It has been shown that the P. syringae MexAB-
OprM system is involved in the tolerance to a broad range of toxic compounds, including some plant-
derived antimicrobials, and that a mutant in this system showed a reduced ability to multiply in
planta. A recent study on the Arabidopsis-PsPto pathosystem has identified three RND efflux pumps
(one of them the MexAB-OprM system) which are required to overcome the isothiocyanate-based

defenses of Arabidopsis.

PSPTO_0820 is a predicted multidrug transporter from the phytopathogenic bacterium Pseudomonas
syringae pv. tomato DC3000. Orthologs of this protein are conserved within

many Pseudomonas species that interact with plants. Reference is made to PLoS One, 2019 Jun
25,14(6):¢0218815. doi: 10.1371/journal.pone.0218815. eCollection 2019, "The Pseudomonas
syringac pv. tomato DC3000 PSPTO 0820 multidrug transporter is involved in resistance to plant
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antimicrobials and bacterial survival during tomato plant infection”, Saray Santamaria-Hernando et
al: To study the potential role of PSPTO_0820 in plant-bacteria interaction, a mutant in this gene was
isolated and characterized. In addition, with the aim to find the outer membrane channel for this efflux
system, a mutant in PSPTO_4977, a TolC-like gene, was also analyzed. Both mutants were more
susceptible to frans-cinnamic and chlorogenic acids and to the flavonoid (+)-catechin, when added to
the culture medium. The expression level of both genes increased in the presence of (+)-catechin and,
in the case of PSPTO_0820, also in response to trans-cinnamic acid. PSPTO_0820 and PSPTO_4977
mutants were unable to colonize tomato at high population levels. This work evidences the
involvement of these two proteins in the resistance to plant antimicrobials, supporting also the
importance of chlorogenic acid, trans-cinnamic acid, and (+)-catechin in the tomato plant defense

response against P. syringae pv. tomato DC3000 infection.

Bacterial Conjugation

DNA sequences controlling extra-chromosomal replication (ori) and transfer (tra) are distinct from
one another; i.e., a replication sequence generally does not control plasmid transfer, or vice- versa.
Replication and transfer are both complex molecular processes that make use of both plasmid- and
host-encoded functions. Bacterial conjugation is the horizontal transmission of genetic information
from one bacterium to another. The genetic material transferred may be a plasmid or it may be all or
part of a chromosome if a functional origin of transfer is within the chromosome. Bacterial cells
possessing a conjugative plasmid contain a surface structure (the sex pilus) that is involved in the
coupling of donor and recipient cells, and the transfer of the genetic information. Conjugation
involves contact between cells, and the transfer of genetic traits can be mediated by many

plasmids. Among all natural transfer mechanisms, conjugation is the most efficient. For example, F
plasmid of E. coli, pCF10 plasmid of Enterococcus faecalis and pX016 plasmid of Bacillus
thuringiensis employ different mechanisms for the establishment of mating pairs, the sizes of mating
aggregates are different, and they have different host ranges within gram-negative (F) as well as
gram-positive (pCF10 and pX016) bacteria. Their plasmid sizes are also different; 54, 100 and 200
kb, respectively. Remarkably, however, those conjugation systems have very important characteristics
in common: they are able to sustain conjugative transfer in liquid medium and high transfer
efficiencies are often reached in a very short time. Thus, the conjugative process permits the
protection of plasmid DNA against environmental nucleases, and the very efficient delivery of
plasmid DNA into a recipient cell. Conjugation functions are naturally plasmid encoded. Numerous
conjugative plasmids (and transposons) are known, which can transfer associated genes within one
species (narrow host range) or between many species (broad host range). Typically a range of
effecincy is observed that is dependant on the incompatibilty group of the plasmid conjuagative

system and the conditions and environment where conjugation occurs (Alderliesten, I.B., Duxbury,
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S.IN., Zwart, M.P. et al. Effect of donor-recipient relatedness on the plasmid conjugation frequency:
a meta-analysis. BMC Microbiol 20, 135 (2020). https://doi.org/10.1186/512866-020-01825-4).
Transmissible plasmids have been reported in numerous Gram-positive genera, including but not
limited to pathogenic strains of Streptococcus, Staphylococcus, Bacillus, Clostridium and Nocardia.
The carly stages of conjugation generally differ in Gram-negative and Gram-positive bacteria. The
role of some of the transfer genes in conjugative plasmids from Gram-negative bacteria are to provide
pilus-mediated cell-to-cell contact, formation of a conjugation pore and related morphological

functions. The pili do not appear to be involved in initiating conjugation in Gram-positive bacteria.

SUMMARY OF THE INVENTION

The also invention provides the following configurations:-

In a First Configuration

In one Aspect:

A method of killing a bacterial target cell, the cell comprising at least one Resistance-Nodulation-Cell
Division (RND)-efflux pump, the method comprising contacting the target cell with a carrier bacterial
cell, wherein the carrier cell comprises a conjugative plasmid, the plasmid encoding an antibacterial
agent that is toxic to the target cell, wherein the carrier cell conjugates to the target cell and the
plasmid is transferred into the target cell, wherein the agent is expressed in the target cell and the

target cell is killed.

In another Aspect:

A method of modifying the genome of a bacterial target cell, the cell comprising at least one
Resistance-Nodulation-Cell Division (RND)-efflux pump, the method comprising contacting the
target cell with a carrier bacterial cell, wherein the carrier cell comprises a conjugative plasmid, the
plasmid encoding an agent that capable of modifying the genome of the target cell, wherein the carrier
cell conjugates to the target cell and the plasmid is transferred into the target cell, wherein the agent is

expressed in the target cell and the target cell genome is modified.

In a First Aspect of the First Configuration

The method is a method of increasing the biomass of a plant or part thereof, wherein the method is
carried out using a first cell population comprising a plurality of carrier cells that are contacted with a
second cell population comprising a plurality of target cells, wherein copies of said plasmid are
conjugatively transferred from carrier cells into target cells, whereby some or all of the cells of the

second population are killed, wherein the plant comprises said target cells (optionally on leaves and/or
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stems thereof or comprised by the apoplast of the plant), whereby target cells are killed and said

biomass is increased.

In a Second Aspect of the First Configuration

The method is a method of promoting germination of a plant seed, wherein the method is carried out
using a first cell population comprising a plurality of carrier cells that are contacted with a second cell
population comprising a plurality of target cells, wherein copies of said plasmid are conjugatively
transferred from carrier cells into target cells, whereby some or all of the cells of the second
population are killed, wherein the seed comprises said target cells, whereby target cells are killed and

germination is promoted.

In a Third Aspect of the First Configuration

The method is a method of increasing leaf chlorophyll production in a plant, wherein the method is
carried out using a first cell population comprising a plurality of carrier cells that are contacted with a
second cell population comprising a plurality of target cells, wherein copies of said plasmid are
conjugatively transferred from carrier cells into target cells, whereby some or all of the cells of the
second population are killed, wherein the plant comprises said target cells (optionally on leaves and/or
stems thereof, or comprised by the apoplast of the plant), whereby target cells are killed and

chlorophyll is increased in the plant.

In a Fourth Aspect of the First Configuration

The method is a method of reducing a biofilm comprised by a subject or comprised on a surface,
wherein the biofilm comprises target cells, wherein the method is carried out using a first cell
population comprising a plurality of carrier cells that are contacted with a second cell population
comprising a plurality of target cells, wherein copies of said plasmid are conjugatively transferred
from carrier cells into target cells, thereby killing the target cells in the biofilm or reducing the growth

or proliferation of target cells, optionally wherein the method is carried out ex vivo or in vitro.

In a Second Configuration

A carrier bacterial cell for use in a method of killing a bacterial target cell according to the first
configuration, wherein the carrier cell comprises a conjugative plasmid, the plasmid encoding an
antibacterial agent that is toxic in the target cell, wherein the carrier cell is capable of conjugating to
the target cell wherein the plasmid is transferred into the target cell, wherein the agent is expressed in

the target cell and the target cell is killed.
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In a Third Configuration

A pharmaceutical composition comprising a plurality of carrier cells of the second configuration for
administration to a human or animal subject for killing a plurality of bacterial target cells comprised
by the subject, wherein each target cell comprises at least one Resistance-Nodulation-Cell Division
(RND)-efflux pump whereby each target cell is an antibiotic resistant cell, wherein plasmids encoding
the antibacterial agent are introduced from carrier cells into target cells by conjugation and said
antibacterial agent is produced in target cells, whereby target cells are killed and an antibiotic resistant

infection of bacterial target cells is treated or prevented in the subject.

In a Fourth Configuration

A method of treating or preventing a disease or condition in a plant, the method comprising contacting
the plant (eg, one or more stems and/or one or more leaves of the plant) with a composition
comprising a plurality of carrier cells of the second configuration, wherein the plant comprises target
bacterial cells that mediate the disease or condition, wherein each target cell comprises at least one
Resistance-Nodulation-Cell Division (RND)-efflux pump, wherein plasmids encoding the
antibacterial agent are introduced from carrier cells into target cells by conjugation and said
antibacterial agent is produced in target cells, whereby target cells are killed and the disease or

condition is treated or prevented.

In a Fifth Configuration

Use of a carrier cell of the second configuration in the manufacture of a composition, for killing a
bacterial target cell ex vivo or wherein the target cell is not comprised by a human or animal (eg, the
target cell is comprised by a plant or soil), wherein the target cell comprises at least one Resistance-
Nodulation-Cell Division (RND)-efflux pump, wherein the target cell is contacted with the carrier cell
and the carrier cell conjugates to the target cell, whereby the plasmid is introduced into the target cell,

wherein the antibacterial agent is expressed in the target cell and the target cell is killed.

Optionally, the target bacteria are Pseudomonas bacteria, such as P syringae or P aeruginosa bacteria
or any other Pseudomonas bacteria disclosed herein. For example, the P syringae is P. syringae pv.
tomato DC3000 and/or the target cells are comprised by a tomato plant, eg, Lycopersicon

esculentum cultivar (cv.) Moneymaker.

Optionally, the agent is a guided nuclease system or a component thereof, eg, any such system or
component disclosed herein for modifying (eg, cutting) a target nucleic acid sequence comprised by

target bacteria.
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Optionally, the plant is any plant disclosed herein.

Optionally, the chlorophyll is a chlorophyll a and/or chlorophyll b.

BRIEF DESCRIPTION OF FIGURES

Figure 1A-C. The three biological replicates (in the order as labelled) of the protection assay using
the plant control GB™ 1 and the plant active GB™ 1. In the biological replicate # 2, the CFU/cm? of
Pto DC3000 was 0, for the plant active GB™ 1, at the timepoints 48 hrs and 7 days;

Figure 2A-C: The three biological replicates (in the order as labelled) of the protection assay using
the plant control GB™ 2 and the plant active GB™ 2; and

Figure 3. The Moneymaker tomato plants treated with the plant control GB™ 1 or the plant active
GB™ ] and spray challenged with Pto DC3000. (A and B). Plant control GB™ 1 + Pto DC3000 (C
and D). Plant active GB™ 1 + Pto DC3000.

DETAILED DESCRIPTION

The invention relates to methods of killing bacterial target cells comprising Resistance-Nodulation-
Cell Division (RND)-efflux pumps, as well as carrier cells useful for this purpose wherein the carrier
cells comprise a conjugative plasmid encoding an antibacterial-microbial agent that is toxic to target
cells. A carrier bacterium is capable of conjugative transfer of plasmid DNA encoding the agent to a

target cell.

Reference is made to mBio, 2015 Mar 24;6(2):¢00309-15. doi: 10.1128/mBi0.00309-15,
“Contribution of resistance-nodulation-cell division efflux systems to antibiotic resistance and biofilm
formation in Acinetobacter baumannii”, Eun-Jeong Yoon et al, which studied the expression of RND
efflux pumps in A baumanii. The authors observed that in two types of plasmid transfer, mobilisation
and conjugation, high expression of adeABC and adelJK RND pumps by the recipient bacteria
resulted in reproducible reduction of transfer frequencies (see figure 4 in Yoon et al). The authors
concluded that it thus appears that, if high expression of pumps contributes to multi-drug resistance
(MDR) by efflux, it decreases acquisition of foreign DNA by both transformation and conjugation.
This suggests that upregulation of expression of RND pumps (such as in response to antibiotics and
other antibacterial agents in the environment of the bacteria) can reduce the chances of DNA entry by
conjugation. For example, several studies have reported that E. coli biofilms have higher antibiotic
resistance than planktonic cells and that expression of several gene-encoded efflux pumps was
increased in biofilms (eg, see Ito A, Taniuchi A, May T, Kawata K, Okabe S. Increased antibiotic
resistance of Escherichia coli in mature biofilms. Appl Environ Microbiol. 2009;75:4093-100. doi:
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10.1128/AEM.02949-08). Hyperexpression of efflux pumps of the RND type in Pseudomonas
aeruginosa (¢.g., MexAB-OprM), chromosomally encoded by mexAB-oprM, mexCD-opr], mexEF-
oprN, and mexXY (-oprA), is often detected in clinical isolates and contributes to worrying multi-
drug resistance phenotypes. By monitoring the amount of extracellular DNA (¢eDNA) released by
strains overexpressing pmt, Sahu et al (“Characterization of eDNA from the clinical strain
Acinetobacter baumannii AIIMS 7 and its role in biofilm formation”, Sahu PK et al, Scientific World
Journal. 2012; 2012:973436) proposed the involvement of the Pmt efflux pump (a MFS pump) in
nucleic acid transport. Since DNA and RNA are well-known scaffolding components of the biofilm
matrix, the authors have inferred that an increase in eDNA supports a more abundant development of

the bacterial biofilm.

In view of the art, such as these teachings, it is surprising that the inventors could successfully deliver
a plasmid-borne antibacterial agent using conjugation into bacteria comprising RND efflux pumps
(see Examples). Targeted killing of the desired bacteria was surprisingly and advantageously

achieved. The invention will, for example, be particularly useful for targeting bacteria in biofilms.

In particular, very high rates of targt cell killing were surprisingly observed using plasmid conjugation
and CRISPR/Cas killing as shown in the Examples. Killing of more than 90% of target cells was
reproducibly and advantageously achieved despite the presence of RND efflux pumps in target

strains.

In addition, we could surprisingly achieve maintenance of bacteriocidal effect on surfaces (as

exemplified by leaf surfaces, Example 1).

Thus, there is provided:-

A method of killing a bacterial target cell, the cell comprising at least one Resistance-Nodulation-Cell
Division (RND)-efflux pump, the method comprising contacting the target cell with a carrier bacterial
cell, wherein the carrier cell comprises a conjugative plasmid, the plasmid encoding an antibacterial
agent that is toxic to the target cell, wherein the carrier cell conjugates to the target cell and the
plasmid is transferred into the target cell, wherein the agent is expressed in the target cell and the

target cell is killed.

In an alternative, instead of bacterial cells, the carrier and target cells may be archaea.
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In another alternative, instead of killing the target cell, the method modifies the genome of the cell,
eg, modifies a chromosome or episome (eg, a plasmid) of the cell. Modification may be cutting of the
chromosome or episome, for example, such as where the agent is a guided nuclease. An example of
such a nuclease is a Cas, megagunclease, TALEN or zinc finger nuclease. Thus, there is also
provided:-

A method of modifying the genome of a bacterial target cell, the cell comprising at least one
Resistance-Nodulation-Cell Division (RND)-efflux pump, the method comprising contacting the
target cell with a carrier bacterial cell, wherein the carrier cell comprises a conjugative plasmid, the
plasmid encoding an agent that capable of modifying the genome of the target cell, wherein the carrier
cell conjugates to the target cell and the plasmid is transferred into the target cell, wherein the agent is

expressed in the target cell and the target cell genome is modified.

Optionally, the target cell is resistant to one or more antibiotics. The target cell may comprise an
efflux pump may mediates antibiotic resistance in the target cell. The target cell may comprise an

efflux pump may mediates resistance of the target cell to one or more antibacterial agents.

The carrier cell and target cell may be cells of the same order, family or genus, such as shown in the

Examples.

Preferably, the agent comprises a CRISPR/Cas system or component thereof. The agent may be a
crRNA or guide RNA that guides a Cas nuclease in the target cell to a target protospacer sequence,
wherein the Cas cuts the target sequence and the target cell is killed. For example, the plasmid may
encode a plurality of different crRNAs or guide RNAs, such as a first cCRNA or gRNA that comprises
a spacer sequence that is capable of guiding a Cas in the target cell to a first protospacer sequence and
a second cRNA or gRNA that comprises a spacer sequence that is capable of guiding a Cas in the
target cell to a second protospacer sequence wherein the protospacer sequences are different (eg,
different chromosomal sequences of the target cell). Each protospacer may be comprised by an
essential gene, virulence gene or antibiotic resistance gene of the target cell genome. Each
protospacer sequence may be from 10 to 60 nucleotides in length, eg, 15 to 50, 15 to 40, 15 to 30 or
15 to 20 nucleotides in length. The target sequence may be a chromosomal sequence of the target
cell. The target sequence may be an episomal sequence of the target cell. The plasmid may encode a

or said Cas nuclease, optionally a Cas9, Cas3 or Cpfl.

In an example, the target cell comprises an RND efflux pump of a strain selected from
)] Azotobacter chroococcum NCIMB 8003, Azotobacter chroococcum strain B3,

Azotobacter salinestris strain KACC 13899, Burkholderia ambifaria MC40-6,
11
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(i)

Burkholderia cenocepacia AU 1054 chromosome 1, Burkholderia cenocepacia HI2424
chromosome 3, Burkholderia cenocepacia MCO0-3, Burkholderia cenocepacia strain
CR318 chromosome 3, Burkholderia cenocepacia strain FDAARGOS 720, Burkholderia
lata strain AO5, Burkholderia pyrrocinia strain mHSRS, Cupriavidus basilensis strain
4G11, Cupriavidus necator N-1 plasmid pBB1, Cupriavidus taiwanensis STM 3679,
Lysobacter gummosus strain 3.2.11, Paraburkholderia sprentiac WSMS5005,
Paraburkholderia terricola strain mHS 1, Ralstonia pseudosolanacearum strain
CRMRs218, Ralstonia solanacearum strain UA-1591, Variovorax paradoxus S110,
Variovorax sp. PBL-H6, Xanthomonas arboricola pv. juglandis strain Xaj 417,
Xanthomonas arboricola pv. pruni strain 15-088, Xanthomonas arboricola strain 17,
Xanthomonas axonopodis pv. dieffenbachiac LMG 695, Xanthomonas axonopodis pv.
phaseoli strain ISO18C8, Xanthomonas axonopodis pv. phaseoli strain ISO98C12,
Xanthomonas campestris pv. campestris MAFF302021, Xanthomonas citri pv. glycines
strain 2098, Xanthomonas euvesicatoria strain LMG930, Xanthomonas perforans strain
LH3 and Xanthomonas sp. ISO98C4, which strains have NCBI Accession Numbers
respectively of CP010415.1, CP011835.1, CP045302.1, CP001027.1, CP000378.1,
CP000460.1, CP000960.1, CP017240.1, CP050980.1, CP024945.1, CP024903.1,
CP010537.1, CP002879.1, LT984803.1, CP011131.1, CP017561.1, CP024941.1,
CP021764.1, CP034195.1, CP001636.1, LR594659.1, CP012251.1, CP044334.1,
CP011256.1, CP014347.1, CP012063.1, CP012057.1, AP019684.1, CP041965.1,
CP018467.1, CP018475.1 and CP012060.1, or an orthologue or homologue of such a
pump;

Pseudomonas acruginosa strain: IOMTU 133, Pseudomonas acruginosa DSM 50071,
Pseudomonas acruginosa genome assembly NCTC10332, Pseudomonas aeruginosa
isolate BIOW, Pseudomonas acruginosa isolate PA140r, Pseudomonas acruginosa
NCGM2 S1, Pseudomonas aeruginosa PAK, Pseudomonas aeruginosa strain 243931,
Pseudomonas acruginosa strain 24Pae112 , Pseudomonas acruginosa strain 268,
Pseudomonas aeruginosa strain 60503, Pseudomonas aeruginosa strain AR _0095,
Pseudomonas aeruginosa strain AR_0353, Pseudomonas acruginosa strain AR 0354,
Pseudomonas acruginosa strain AR 455, Pseudomonas acruginosa strain BAMCPAO7-
48, Pseudomonas acruginosa strain CCUG 51971, Pseudomonas aeruginosa strain E90,
Pseudomonas acruginosa strain FDAARGOS 571, Pseudomonas aeruginosa strain
GIMC5002:PAT-169, Pseudomonas aeruginosa strain H26023, Pseudomonas acruginosa
strain L10, Pseudomonas aeruginosa strain M1608, Pseudomonas acruginosa strain
M37351, Pseudomonas aeruginosa strain MRSN 12280, Pseudomonas acruginosa strain

NCTC13715, Pseudomonas acruginosa strain Pa58, Pscudomonas acruginosa strain
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PABLO048, Pseudomonas acruginosa strain PAK, Pseudomonas acruginosa strain
PASGNDM345, Pseudomonas acruginosa strain PASGNDMG699, Pseudomonas
acruginosa strain PA-VAP-3, Pseudomonas acruginosa strain PB368, Pseudomonas
acruginosa strain PB369, Pseudomonas acruginosa strain S04 90, Psecudomonas
acruginosa strain ST773,Pseudomonas acruginosa strain T2436, Pseudomonas acruginosa
strain W60856, Pseudomonas acruginosa strain WPB099, Pseudomonas acruginosa strain
WPB100, Pseudomonas acruginosa strain WPB101, Pseudomonas acruginosa UCBPP-
PA 14, Pseudomonas acruginosa UCBPP-PA 14, Pseudomonas acruginosa VRFPA04,
Pseudomonas amygdali pv. lachrymans str. M3013 15, Pseudomonas amygdali pv.
lachrymans strain NM002, Pseudomonas amygdali pv. morsprunorum strain R15244,
Pseudomonas amygdali pv. tabaci str. ATCC 11528, Pseudomonas avellanae strain
R2leaf, Pseudomonas coronafaciens pv. coronafaciens strain B19001, Pseudomonas
coronafaciens pv. oryzae str. 1_6, Pseudomonas coronafaciens strain X-1, Pseudomonas
otitidis MrB4, Pseudomonas salegens strain CECT 8338, Pseudomonas savastanoi pv.
phaseolicola 1448 A, Psecudomonas savastanoi pv. savastanoi NCPPB 3335, Pseudomonas
sp. KBS0707, Pseudomonas sp. LPH1, Pseudomonas syringac CC1557, Pseudomonas
syringae group genomosp. 3 isolate CFBP6411, Pseudomonas syringae isolate
CFBP3840, Pseudomonas syringae pv. actinidiac ICMP 18708, Pseudomonas syringae
pv. actinidiac ICMP 18884, Pscudomonas syringae pv. actinidiac [CMP 9853,
Pseudomonas syringae pv. actinidiae str. Shaanxi_M228, Pscudomonas syringae pv.
actinidiae strain CRAFRU 12.29, Pscudomonas syringae pv. actinidiac strain CRAFRU
14.08, Pseudomonas syringae pv. actinidiae strain MAFF212063, Pseudomonas syringae
pv. actinidiae strain NZ-45, Pseudomonas syringae pv. actinidiae strain NZ-47,
Pseudomonas syringae pv. actinidiae strain P155, Pseudomonas syringae pv. avii isolate
CFBP3846, Pseudomonas syringae pv. cerasicola isolate CFBP6109, Pscudomonas
syringae pv. maculicola str. ES4326, Pseudomonas syringae pv. tomato str. DC3000,
Pseudomonas syringae pv. tomato strain B13-200, Pseudomonas syringae pv. tomato
strain delta IV/IX, Pseudomonas syringae pv. tomato strain delta VI, Pseudomonas
syringae pv. tomato strain delta X, Pseudomonas syringae strain CFBP 2116 and
Pseudomonas syringae strain Ps25, which strains have NCBI Accession Numbers
respectively of AP017302.1, CP012001.1, LN831024.1, CP017969.1, LT608330.1,
AP012280.1, CP020659.1, CP041772.1, CP029605.1, CP032761.1, CP041774.1,
CP027538.1, CP027172.1, CP027171.1, CP030328.1, CP015377.1, CP043328.1,
CP044006.1, CP033833.1, CP043549.1, CP033685.1, CP019338.1, CP008862.2,
CP008863.1, CP028162.1, LR134330.1, CP021775.1, CP039293.1, LR657304.1,
CP020703.1, CP020704.1, CP028330.1, CP025050.1, CP025049.1, CP011369.1,
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(iii)

(iv)

CP041945.1, CP039988.1, CP008864.2, CP031878.1, CP031877.1, CP031876.1,
CP034244.1, CP000438.1, CP008739.2, CP031225.1, CP020351.1, CP026558.1,
CP042804.1, CP026562.1, CP046441.1, CP046035.1, CP050260.1, AP022642.1,
LT629787.1, CP000058.1, CP008742.1, CP041754.1, CP017290.1, CP007014.1,
LT963408.1, LT963409.1, CP012179.1, CP011972.2, CP018202.1, CP032631.1,
CP019730.1, CP019732.1, CP024712.1, CP017007.1, CP017009.1, CP032871.1,
LT963402.1, LT963391.1, CP047260.1, AE016853.1, CP019871.1, CP047072.1,
CP047071.1, CP047073.1, LT985192.1 and CP034558.1, or an orthologue or homologue
of such a pump;

Stenotrophomonas rhizophila strain GA1, Enterococcus faecalis strain V583 and
Paucimonas lemoignei strain NCTC10937, which strains have NCBI Accession Numbers
respectively CP031729.1, CP022312.1 and LS483371.1, or an orthologue or homologue
of such a pump; or

Pseudomonas amygdali pv. lachrymans strain NM002, Pseudomonas amygdali pv.
morsprunorum strain R15244, Pseudomonas amygdali pv. tabaci str. ATCC 11528,
Pseudomonas asturiensis strain CC1524, Pseudomonas avellanae strain R2, Pscudomonas
cerasi isolate PL963, Pseudomonas chlororaphis strain PCL1606, Pseudomonas
chlororaphis subsp. aurantiaca strain JD37, Pseudomonas chlororaphis subsp.
aurcofaciens strain ChPhzTR36, Pscudomonas chlororaphis subsp. chlororaphis strain
DSM 50083, Pseudomonas chlororaphis subsp. piscium strain DSM 21509, Pseudomonas
cichorii JBC1, Pseudomonas coronafaciens pv. coronafaciens strain B19001,
Pseudomonas putida GB-1 chromosome, Pseudomonas savastanoi pv. phaseolicola
1448A, Pseudomonas sp. 09C 129, Pseudomonas syringac CC1557, Pseudomonas
syringae pv. actinidiac ICMP 18708, Pseudomonas syringae pv. cerasicola isolate
CFBP6109, Pseudomonas syringae pv. lapsa strain ATCC 10859, Pseudomonas syringae
pv. maculicola str. ES4326, Pseudomonas syringae pv. pisi str. PP1, Pseudomonas
syringae pv. syringac B301D, Pseudomonas syringae pv. syringae B301D, Pseudomonas
syringac UMAFO0158 and Pseudomonas viridiflava strain CFBP 1590, which strains have
NCBI Accession Numbers respectively of CP020351.1, CP026558.1, CP042804.1,
CP047265.1, CP026562.1, LT963395.1, CP011110.1, CP009290.1, CP027721.1,
CP027712.1, CP027707.1, CP007039.1, CP046441.1, CP000926.1, CP000058.1,
CP025261.1, CP007014.1, CP012179.1, LT963391.1, CP013183.1, CP047260.1,
CP034078.1, CP005969.1, AE016853.1, CP005970.1 and LT855380.1, or an orthologue

or homologue of such a pump.
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The RND efflux pump of the target cell may comprise a protein produced by any of these strains. The
target cell may be a cell of any of these strains. Any NCBI database and related Accession numbers

are, for example, those publicly available on 27.04.2020.

The efflux pump may comprise a protein encoded by a

Pseudomonas syringae gene selected from PSPTO 0820, PSPTO_4977, PSPTO 02375,
PSPTO 1308, PSPTO 2592, PSPTO 2755, PSPTO_3100, PSPTO_3302, PSPTO_430 or
PSPTO_5191, or an orthologue or homologue thercof.

The efflux pump may comprise a protein encoded by
(a) Pseudomonas syringae PSPTO_0820 or PSPTO_4977 gene or an orthologue or
homologue thereof; or
(a) A nucleotide sequence selected from SEQ ID NO: 1 and 3, or a nucleotide sequence that
is at least 70% i1dentical (eg, at least 80, 85, 90, 95, 96, 97, 98 or 99% identical) to SEQ
ID NO: 1 or 3.

The efflux pump may comprise a protein comprising the amino acid sequence of SEQ ID NO: 2 or 4,
or an amino acid sequence that is at least 70% identical (eg, at least 80, 85, 90, 95, 96, 97, 98 or 99%
identical) to SEQ ID NO: 2 or 4.

The efflux pump may be a Mex efflux pump (optionally a MexAB-OprM efflux pump, MexCD-OprlJ
efflux pump, MexEF-OprN efflux pump or MexXY efflux pump), AdeABC efflux pump, AcrAD-
TolC efflux pump, AcrAB-TolC efflux pump, AcrABZ-TolC efflux pump, AcrA efflux pump, ArcB
efflux pump, AcrC efflux pump, AcrD efflux pump, AcrAB efflux pump, AcrEF efflux pump, AcrF
efflux pump, CmeABC efflux pump, VexB efflux pump , VexD efflux pump, VexK efflux pump,

ade ABC efflux pump, adelJK efflux pump, MdsABC efflux pump or MdtABC efflux pump.
Preferably, the pump is an AcrAD-TolC efflux pump.

The carrier cell may be a Pseudomonas cell, optionally a P fluorescens cell. Optionally, the carrier
and target cells are cells of the same genus or species, optionally both are Pseudomonas cells. For
example, the target cell is a P syringae or acruginosa cell and the carrier is a Pseudomonas (eg, P

fluorescens) cell. This is demonstrated in the Examples.

Preferably, the carrier cells are of a strain or species that is not pathogenic to an organism (eg, a plant,
animal or human) that comprises the target cells. The carrier cells may be of a strain or species that is

symbiotic or probiotic to an organism (eg, a plant, animal or human) that comprises the target cells,
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eg, probiotic or symbiotic in the gut of the organism.

In an example, the carrier cell comprises a Chitinase class I exoenzyme and/or the carrier cell genome
encodes a Chitinase class [ exoenzyme. Optionally, the carrier cell in this example is a Pseudomonas,

eg, P fluorescens, cell.

In an example, the carrier cell comprises a pepl gene. Optionally, the carrier cell in this example is a

Pseudomonas, eg, P fluorescens, cell.

In an example, the carrier cell is a motile bacterial cell. Optionally, the carrier cell in this example is a

Pseudomonas, eg, P fluorescens, cell.

For example, each target cell is a lag phase cell, exponential phase cell or a stationary phase cell. For

example, each carrier cell is a lag phase cell, exponential phase cell or a stationary phase cell.

Preferably, the target cell is a Pseudomonas (optionally a P fluorescens or P aeruginosa) cell, Erwinia
(optionally E carotovora), Xanthomonas, Agrobcaterium, Burkholdi, Clavibacterium,
Enterobacteria, Pantoae, Pectobacterium (eg, P atrosepticum), Rhizobium, Streptomyces (eg, S
scabies), Xylella (eg, X fastidiosa), Candidatus (g, C liberibacter), Phytoplasma, Ralstonia (eg, R

solanacearum), or Dickeya (eg, D dadantii) cell.

Each target cell (eg, the plurality of target cells) may be a cell of a genus or species disclosed in Table
1 or 2. Each target cell (eg, the plurality of target cells) may be comprised by a plant or a plant

environment (such as soil) and selected from a genus or species disclosed in Table 1.
The method may be carried out in vitro or ex vivo.
The target cell may be comprised by
(a) aplant microbiome (eg, a microbiome of any plant part disclosed herein),
(b) an animal or human microbiome (eg, a microbiome of any human or animal organ or
tissue or part disclosed herein),; or

(c) asoil, manure, food or beverage microbiome.

For example, the cell is comprised by a plant leaf, stem, root, seed, bulb, flower or fruit microbiome.
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Optionally, a microbiome herein is a gut, lung, kidney, urethral, bladder, blood, vaginal, eye, ear,

nose, penile, bowel, liver, heart, tongue, hair or skin microbiome.

For example, the target cell is a cell of a species found in soil.

The method may be carried out using a first cell population comprising a plurality of carrier cells that
are contacted with a second cell population comprising a plurality of target cells, wherein copies of
said plasmid are conjugatively transferred from carrier cells into target cells, whereby some or all of

the cells of the second population are killed.

The method may reduce the number of target cells of said plurality at least 10°, 10° or 107 ~fold, eg,
between 10° and 107-fold, or between 10° and 108-fold or between 10° and 10°-fold. The skilled
person will be familiar with determining fold-killing or reduction in cells, eg, using a cell sample that
is representative of a microbiome or cell population. For example, the extent of killing or reduction is
determined using a cell sample, eg, a sample obtained from a subject to which the carrier cells of the
invention have been administered, or an environmental sample (eg, aqueous, water or soil sample)
obtained from an environment (eg, a water source, waterway or field) that has been contacted with the
carrier cells of the invention. For example, the method reduces the number of target cells of said
plurality at least 10°, 10° or 10’—fold and optionally the plurality comprises at least 100,000;
1,000,000; or 10,000,000 target cells respectively. Optionally, the plurality of target cells is
comprised by a cell population, wherein at least 5, 6 or 7 log10 of cells of the population are killed by
the method, and optionally the plurality comprises at least 100,000; 1,000,000; or 10,000,000 target

cells respectively.

Optionally, the method kills at least 99%, 99.9%, 99.99%., 99.999%, 99.9999% or 99.99999% cells of
said plurality of target cells.

In an example, the method is carried out on a population (or said plurality) of said target cells and the
method kills dits all (or essentially all) of the cells of said population (or said plurality). In an
example, the method is carried out on a population (or said plurality) of said target cells and the

method kills 100% (or about 100%) of the cells of said population (or plurality).

Preferably, at least 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99% of the target cells are killed. This is
surprisingly reproducibly demonstrated in the Examples (using conjugative delivery of components of

a CRISPR/Cas antibacterial system to target cells).
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In an Aspect:-

The method is a method of increasing the biomass of a plant or part thercof, wherein the method is
carried out using a first cell population comprising a plurality of carrier cells that are contacted with a
second cell population comprising a plurality of target cells, wherein copies of said plasmid are
conjugatively transferred from carrier cells into target cells, whereby some or all of the cells of the
second population are killed, wherein the plant comprises said target cells (optionally on leaves and/or
stems thereof or comprised by the apoplast of the plant), whereby target cells are killed and said

biomass is increased.

Optionally, the target cells are Pseudomonas (eg, P syringae) cells, eg, wherein the cells are

comprised by a crop plant, such as a tomoto plant.

For example, leaf, fruit, ear, seed, grain, head, pod, stem, trunk, tuber and/or root biomass is
increased. For example, leaf or fruit dry biomass, leaf or fruit wet biomass or number of flowers is
increased. For example, average biomass or number is increased over a plurality of plants on which

the method of the invention has been practised.

An increase in biomass (eg, average biomass or number) may be an increase by at least 5, 10, 15, 20,
25, 30, 40, or 50% compared to the biomass of plant(s) that have not been exposed to the carrier
bacteria, but which comprise the target bacteria. Increases in plant biomass may be determined by
measuring the weight of harvested material (eg, fruit, grain, cane, leaves, tubers, nuts or seeds) per
area harvested and comparing the measurement of harvested material from plants that have been
treated per the invention versus the same area of harvestsed material from plants of the same species
and strain grown that have not been treated per the invention, where all plants are grown under the
same conditions, eg, in the same field. In some systems units of volume, such as bushels, are used

instead of units of weight.

In an Aspect:-

The method is a method of promoting germination of a plant seed, wherein the method is carried out
using a first cell population comprising a plurality of carrier cells that are contacted with a second cell
population comprising a plurality of target cells, wherein copies of said plasmid are conjugatively
transferred from carrier cells into target cells, whereby some or all of the cells of the second
population are killed, wherein the seed comprises said target cells, whereby target cells are killed and

germination is promoted.
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Promoting germination may be decreasing the time to onset of germination and/or decreasing the
duration of germination. Promoting germination may be increasing the percentage (eg, by at least 5,
10, 15 or 20%) of germination of seeds comprised by a plurality of seeds that are exposed to the

carrier cells in the method.

Each seed may comprise target cells on the seed surface.

An increase in germination (eg, average germination) in a plurality of seeds exposed to the carrier
cells in the method may be obtained, which is an increase by at least 5, 10, 15, 20, 25, 30, 40, or 50%
compared to the germination of seeds that have not been exposed to the carrier cells, but which seeds

comprise the target bacteria.

The method may be useful for treating pre-emergent seedlings have pathogens present which stop
successful germination. Thus, an Aspect provides:-

The method is a method of promoting growth of a plant seedling, wherein the method is carried out
using a first cell population comprising a plurality of carrier cells that are contacted with a second cell
population comprising a plurality of target cells, wherein copies of said plasmid are conjugatively
transferred from carrier cells into target cells, whereby some or all of the cells of the second
population are killed, wherein the seedling comprises said target cells, whereby target cells are killed

and seedling growth is promoted.

Each seedling may comprise target cells on leaves and/or stems of the seedling.

An increase in growth (eg, average growth) in a plurality of seedlings exposed to the carrier cells in
the method may be obtained, which is an increase by at least 5, 10, 15, 20, 25, 30, 40, or 50%
compared to the growth of seedlings that have not been exposed to the carrier cells, but which

seedlings comprise the target bacteria.

An Aspect:-

The method is a method of increasing leaf chlorophyll (eg, chlorophyll a and/or b) production in a
plant, wherein the method is carried out using a first cell population comprising a plurality of carrier
cells that are contacted with a second cell population comprising a plurality of target cells, wherein
copies of said plasmid are conjugatively transferred from carrier cells into target cells, whereby some
or all of the cells of the second population are killed, wherein the plant comprises said target cells
(optionally on leaves and/or stems thereof, or comprised by the apoplast of the plant), whereby target

cells are killed and chlorophyll is increased in the plant. Chlorophyll measurement may be measured,
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for example, by spectrophotometry, high performance liquid chromatography (HPLC) or

fluorometry.

The method is a method of increasing the amount of chlorophyll (eg, chlorophyll a and/or b) in a
plant, wherein the method is carried out using a first cell population comprising a plurality of carrier
cells that are contacted with a second cell population comprising a plurality of target cells, wherein
copies of said plasmid are conjugatively transferred from carrier cells into target cells, whereby some
or all of the cells of the second population are killed, wherein the plant comprises said target cells
(optionally on leaves and/or stems thereof, or comprised by the apoplast of the plant), whereby target

cells are killed and chlorophyll is increased in the plant.

An Aspect:-

The method is a method of reducing a biofilm comprised by a subject or comprised on a surface,
wherein the biofilm comprises target cells, wherein the method is carried out using a first cell
population comprising a plurality of carrier cells that are contacted with a second cell population
comprising a plurality of target cells, wherein copies of said plasmid are conjugatively transferred
from carrier cells into target cells, thereby killing the target cells in the biofilm or reducing the growth

or proliferation of target cells, optionally wherein the method is carried out ex vivo or in vitro.

The subject may be a human or animal, optionally wherein the surface is a lung surface.

The subject may be a plant, optionally wherein the biofilm is comprised by a leaf, trunk, root or stem

of the plant.

The surface may be comprised by a domestic or industrial apparatus or container, ¢g, a fermentation

vessel.

There is further provided:-

A carrier bacterial cell for use in a method of killing a bacterial target cell according to the invention,
wherein the carrier cell comprises a conjugative plasmid, the plasmid encoding an antibacterial agent
that is toxic in the target cell, wherein the carrier cell is capable of conjugating to the target cell
wherein the plasmid is transferred into the target cell, wherein the agent is expressed in the target cell

and the target cell is killed.

The carrier cell may be any carrier cell or carrier cell disclosed herein. The target cell may be any

carrier cell or target cell disclosed herein.
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There is provided:-

A pharmaceutical composition comprising a plurality of carrier cells of the invention for
administration to a human or animal subject for killing a plurality of bacterial target cells comprised
by the subject, wherein each target cell comprises at least one Resistance-Nodulation-Cell Division
(RND)-efflux pump whereby each target cell is an antibiotic resistant cell, wherein plasmids encoding
the antibacterial agent are introduced from carrier cells into target cells by conjugation and said
antibacterial agent is produced in target cells, whereby target cells are killed and an antibiotic resistant

infection of bacterial target cells is treated or prevented in the subject.

Preferably, at least 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99% of the target cells are killed. This is
surprisingly reproducibly demonstrated in the Examples (using conjugative delivery of components of

a CRISPR/Cas antibacterial system to target cells).

The plurality of target cells may comprise at least 107, 108, 10°, 10'°, 10" or 10" target cells. For
example, the plurality of target cells is comprised by a gut, blood, lung, oral cavity, liver, kidney,

bladder, urethra or skin microbiota of the subject.

There is provided:-

A method of treating or preventing a disease or condition in a plant, the method comprising contacting
the plant (eg, one or more stems and/or one or more leaves of the plant, or the plant apoplast) with a
composition comprising a plurality of carrier cells of the invention, wherein the plant comprises target
bacterial cells that mediate the disease or condition, wherein each target cell comprises at least one
Resistance-Nodulation-Cell Division (RND)-efflux pump, wherein plasmids encoding the
antibacterial agent are introduced from carrier cells into target cells by conjugation and said
antibacterial agent is produced in target cells, whereby target cells are killed and the disease or

condition is treated or prevented.

Use of a plurality of carrier cells of the invention in the manufacture of a composition for
administration to a plant or environment (eg, soil), for killing bacterial target cells comprised by the
plant or environment, wherein the target cells comprise at least one Resistance-Nodulation-Cell
Division (RND)-efflux pump, wherein the target cells are contacted with the carrier cells and the
plasmids comprising the anti-microbial agent are transferred into the target cells, wherein the agent is

expressed in the target cells and the target cells are killed.
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Use of a carrier cell of the invention in the manufacture of a composition, for killing a bacterial target
cell ex vivo or wherein the target cell is not comprised by a human or animal (eg, the target cell is
comprised by a plant or soil), wherein the target cell comprises at least one Resistance-Nodulation-
Cell Division (RND)-efflux pump, wherein the target cell is contacted with the carrier cell and the
carrier cell conjugates to the target cell, whereby the plasmid is introduced into the target cell,

wherein the antibacterial agent is expressed in the target cell and the target cell is killed.

Optionally, the use comprises using a plurality of said carrier cells to kill a plurality of said target

cells, wherein the target cells are comprised by a plant or plant environment (eg, soil) and the killing

a) increases (or is for increasing) the biomass of the plant or part thereof (eg, leaf, fruit, ear, seed,

grain, head, pod, stem, trunk, tuber and/or root biomass is increased);

b) promotes (or is for promoting) germination of one or more seeds of the plant;

¢) increases (or is for increasing) the amount of leaf chlorophyll of the plant; and/or

d) reduces (or is for reducing) a biofilm comprised by the plant, wherein the biofilm comprises target

cells (eg, Pseudomonas cells).

Optionally, the target cell or plurality of target cells is in an environment, eg, soil, or in an

environment for growing plants.

Example Target Cells

For example, each target cell is a gram-positive bacterial cell (eg, a Staphylococcus (such as S aureus,
eg, methicillin-resistant Staphylococcus aureus (MRSA)), Streptococcus pneumoniae, Clostridium
difficile, Enterococcus spp. or Listeria monocytogenes cell). For example, each target cell is a gram-
negative bacterial cell (eg, a Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae,
Stenotrophomonas maltophilia, Campylobacter jejuni, Pseudomonas aeruginosa, Neisseria
gonorrhoeae, Vibrio cholerae or Salmonella spp. Cell) For example, each target cell is a cell of a
genus or species disclosed in Table 1 herein, Table 2 herein. Reference is made to Journal of Plant
Pathology (2010), 92 (3), 551-592 Edizioni ETS Pisa, 2010 551, LETTER TO THE EDITOR,
“COMPREHENSIVE LIST OF NAMES OF PLANT PATHOGENIC BACTERIA, 1980-2007”, C.T.
Bull et al, the disclosure of which is incorporated herein by reference to provide examples of bacterial
genera, species and strains of importance to plants and which may be genera, species and strains of

target cells of the invention. Examples are disclosed in Table 1 herein.
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For example, cach target cell is resistant to a fluoroquinolone, B-lactam (eg, methicillin), tetracycline
or linezolid antibiotic. For example, each target cell is resistant to vancomycin, eg, wherein the cell is

a vancomycin-resistant Enterococcus cell.

For example, each target cell is an Azotobacter, Burkholderia, Cupriavidus, Enterococcus,
Lysobacter, Paucimonas, Paraburkholderia, Ralstonia, Stenotrophomonas, Variovorax, Xanthomonas

or Pseudomonas cell.

For example, each target cell is an E coli cell, eg, wherein the efflux pump protein is encoded by TolC
or an orthologue or homologue of such a pump protein. For example, each target cell is Klebsiella
cell (such as K pneumoniae cell), eg, wherein the efflux pump protein is selected from KexC, KexD,
KexE, KexF, KexEF, AcrA, AcrB, AcrAB, OgxA, OqxB, OqxAB, EefA, EefB, EefC and EefABC or

an orthologue or homologue of such a pump protein.

For example, each target cell is an Azotobacter, Burkholderia, Cupriavidus, Lysobacter,

Paraburkholderia, Ralstonia, Variovorax, Xanthomonas or Pseudomonas cell.

For example, each target cell is a cell of a Pseudomonas species, optionally wherein the species is
selected from Pseudomonas aeruginosa Pseudomonas amygdali, Pseudomonas asturiensis,
Pseudomonas avellanae, Pseudomonas cerasi, Pseudomonas chlororaphis, Pseudomonas cichorii,
Pseudomonas coronafaciens, Pseudomonas otitidis, Pseudomonas putida, Pseudomonas salegens

Pseudomonas savastanoi, Pseudomonas syringae and Pseudomonas viridiflava.

For example, each target cell is a cell of a species selected from Azotobacter chroococcum,
Azotobacter salinestris, Burkholderia ambifaria, Burkholderia cenocepacia, Burkholderia lata,
Burkholderia pyrrocinia, Cupriavidus basilensis, Cupriavidus necator, Cupriavidus taiwanensis,
Lysobacter gummosus, Paraburkholderia sprentiae, Paraburkholderia terricola, Ralstonia
pseudosolanacearum, Ralstonia solanacearum, Variovorax paradoxus, Xanthomonas arboricola,
Xanthomonas axonopodis, Xanthomonas campestris Xanthomonas citri, Xanthomonas euvesicatoria

and Xanthomonas perforans.

For example, each target cell is a Stenotrophomonas, Enterococcus, Paucimonas or Pseudomonas

cell.
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For example, each target cell is a cell of a Pseudomonas species, optionally wherein the species is
selected from Pseudomonas amygdali, Pseudomonas asturiensis, Pseudomonas avellanae,
Pseudomonas cerasi, Pseudomonas chlororaphis, Pseudomonas cichorii, Pseudomonas
coronafaciens, Pseudomonas putida, Pseudomonas savastanoi, Pseudomonas syringae and

Pseudomonas viridiflava.

For example, each target cell is a cell of a species selected from Stenotrophomonas rhizophila,
Enterococcus faecalis, Paucimonas lemoignei, Pseudomonas amygdali, Pseudomonas asturiensis,
Pseudomonas avellanae, Pseudomonas cerasi, Pseudomonas chlororaphis, Pseudomonas cichorii,
Pseudomonas coronafaciens, Pseudomonas putida, Pseudomonas savastanoi, Pseudomonas syringae

and Pseudomonas viridiflava.

Optionally, the efflux pump comprises a protein
(a) encoded by Pseudomonas syringae PSPTO_0820 or PSPTO_4977 gene or an orthologue or
homologue thereof; or

(b) produced by a strain disclosed herein.

Optionally, the genome of the target cell comprises (i) a P syringae PSPTO_0820 gene or an
orthologue or homologue thereof; and (ii) a P syringae PSPTO_4977 gene or an orthologue or

homologue thereof.

Optionally, the efflux pump is a MexAB-OprM efflux pump, eg, P. syringae MexAB-OprM efflux

pump. Optionally, the efflux pump protein is a protein of such a pump.

Optionally, the efflux pump is an AdeABC efflux pump, eg, A. baumannii AdeABC efflux pump.

Optionally, the efflux pump protein is a protein of such a pump.

Optionally, the efflux pump protein is encoded by Pseudomonas syringae gene PSPTO_0820,
PSPTO_ 4977, PSPTO 02375, PSPTO_1308, PSPTO_ 2592, PSPTO_2755, PSPTO_3100,

PSPTO 3302, PSPTO 430 or PSPTO_5191, or an orthologue or homologue thereof. See Table 7 for
the role of the products of such genes in P syringae. The orthologoue or homologue may be from a

different genus or species (ie not Pseudomonas or P syringae).

Optionally, the efflux pump protein is a Pseudomonas syringae ActB, D or F family protein or a
homologue or orthologue thereof. Optionally, the efflux pump protein is a Pseudomonas syringae

cation efflux protein or a homologue or orthologue thereof. Optionally, the efflux pump protein is a
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Pseudomonas syringae isothyocyanate protein or a homologue or orthologue thereof. Optionally, the
efflux pump protein is a Pseudomonas syringae TpsC transporter protein or a homologue or
orthologue thereof. Optionally, the efflux pump protein is a Pseudomonas syringae SaxG protein or a
homologue or orthologue thereof. Optionally, the efflux pump protein is a Pseudomonas aeruginosa
MexB, D or F protein or a homologue or orthologue thereof. Optionally, the efflux pump is a
Pseudomonas aeruginosa MexAB-OprM, MexCD-Opr]J, MexEF-OprN or MexXY pump or a
homologue or orthologue thereof. Optionally, the efflux pump protein is a Pseudomonas aeruginosa
MexAB-OprM, MexCD-OprJ, MexEF-OprN or MexXY pump protein or a homologue or orthologue
thereof. The orthologoue or homologue may be from a different genus or species (ie not

Pseudomonas or P syringae).

Optionally, the efflux pump protein is a protein of a Mex efflux pump. The Mex protein may be a
protein that is a surface exposed protein on the target bacteria. In some embodiments, the Mex protein

is selected from the group consisting of OprM, MexA, MexB, MexX, and MexY.

Optionally, the efflux pump protein is a bacterial TolC protein (eg, a Pseudomonas or E coli TolC

protein) or a homologue or orthologue thereof.

In an example, each target cell is comprised by a plant microbiome. In an example, each target cell is
comprised by an environment microbiome, €g, a water or waterway (eg, river, pond, lake or sea)

microbiome. In an example, each target cell is comprised by a soil microbiome. In an example, each
target cell is comprised by an animal (ie, non-human animal) microbiome. In an example, each target
cell is comprised by a human microbiome (eg, a lung, kidney, GI tract, gut, blood, oral, nasal or liver

microbiome).

PSPTO_0820, Orthologues & Homologues

A PSPTO_0820 gene orthologue or homologue may be gene comprised any of the following strains.
Example Pseudomonas Strains

For example, the target cell is a cell of a strain selected from Pseudomonas aeruginosa strain: [OMTU
133, Pseudomonas acruginosa DSM 50071, Pseudomonas acruginosa genome assembly NCTC10332,
Pseudomonas acruginosa isolate BIOW, Pseudomonas acruginosa isolate PA140r, Pseudomonas
acruginosa NCGM2.S1, Pseudomonas aeruginosa PAK, Pseudomonas acruginosa strain 243931,
Pseudomonas acruginosa strain 24Pac112 , Pseudomonas aeruginosa strain 268, Pseudomonas
aeruginosa strain 60503, Pseudomonas acruginosa strain AR 0095, Pseudomonas aeruginosa strain
AR 0353, Pseudomonas acruginosa strain AR 0354, Pseudomonas acruginosa strain AR 455,

Pseudomonas acruginosa strain BAMCPA(07-48, Pseudomonas acruginosa strain CCUG 51971,
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Pseudomonas aeruginosa strain E90, Pseudomonas aeruginosa strain FDAARGOS 571,
Pseudomonas acruginosa strain GIMC5002:PAT-169, Pseudomonas aeruginosa strain H26023,
Pseudomonas aeruginosa strain L10, Pseudomonas aeruginosa strain M1608, Pseudomonas
acruginosa strain M37351, Pseudomonas aeruginosa strain MRSN 12280, Pseudomonas acruginosa
strain NCTC13715, Pseudomonas acruginosa strain Pa58, Psecudomonas acruginosa strain PABL048,
Pseudomonas acruginosa strain PAK, Pseudomonas aeruginosa strain PASGNDM345, Pseudomonas
acruginosa strain PASGNDMG699, Pseudomonas aeruginosa strain PA-VAP-3, Pseudomonas
acruginosa strain PB368, Pseudomonas acruginosa strain PB369, Psecudomonas aeruginosa strain S04
90, Pseudomonas aeruginosa strain ST773,Pseudomonas acruginosa strain T2436, Pseudomonas
acruginosa strain W60856, Pseudomonas acruginosa strain WPB099, Pseudomonas acruginosa strain
WPB100, Pseudomonas acruginosa strain WPB101, Pseudomonas acruginosa UCBPP-PA 14,
Pseudomonas acruginosa UCBPP-PA 14, Pseudomonas acruginosa VRFPA04, Pseudomonas
amygdali pv. lachrymans str. M301315, Pseudomonas amygdali pv. lachrymans strain NM002,
Pseudomonas amygdali pv. morsprunorum strain R15244, Pseudomonas amygdali pv. tabaci str.
ATCC 11528, Pseudomonas avellanae strain R2leaf, Pseudomonas coronafaciens pv. coronafaciens
strain B19001, Pseudomonas coronafaciens pv. oryzae str. 1 _6, Pseudomonas coronafaciens strain X-
1, Pseudomonas otitidis MrB4, Pseudomonas salegens strain CECT 8338, Pseudomonas savastanoi
pv. phaseolicola 1448A, Pseudomonas savastanoi pv. savastanoi NCPPB 3335, Pseudomonas sp.
KBS0707, Pseudomonas sp. LPH1, Pscudomonas syringac CC1557, Pscudomonas syringae group
genomosp. 3 isolate CFBP6411, Pseudomonas syringae isolate CFBP3840, Pseudomonas syringae pv.
actinidiac ICMP 18708, Pscudomonas syringae pv. actinidiac ICMP 18884, Pseudomonas syringae
pv. actinidiac ICMP 9853, Pseudomonas syringae pv. actinidiae str. Shaanxi_M228, Pseudomonas
syringae pv. actinidiae strain CRAFRU 12.29, Pseudomonas syringae pv. actinidiae strain CRAFRU
14.08, Pseudomonas syringae pv. actinidiae strain MAFF212063, Pseudomonas syringae pv.
actinidiae strain NZ-45, Pseudomonas syringae pv. actinidiae strain NZ-47, Pseudomonas syringae
pv. actinidiae strain P155, Pseudomonas syringae pv. avii isolate CFBP3846, Pseudomonas syringae
pv. cerasicola isolate CFBP6109, Pseudomonas syringae pv. maculicola str. ES4326, Pseudomonas
syringae pv. tomato str. DC3000, Pseudomonas syringae pv. tomato strain B13-200, Pseudomonas
syringae pv. tomato strain delta IV/IX, Pseudomonas syringae pv. tomato strain delta VI,
Pseudomonas syringae pv. tomato strain delta X, Pseudomonas syringae strain CFBP 2116 and
Pseudomonas syringae strain Ps25, which strains have NCBI Accession Numbers respectively of
AP017302.1, CP012001.1, LN831024.1, CP017969.1, LT608330.1, AP012280.1, CP020659.1,
CP041772.1, CP029605.1, CP032761.1, CP041774.1, CP027538.1, CP027172.1, CP027171.1,
CP030328.1, CP015377.1, CP043328.1, CP044006.1, CP033833.1, CP043549.1, CP033685.1,
CP019338.1, CP008862.2, CP008863.1, CP028162.1, LR134330.1, CP021775.1, CP039293.1,
LR657304.1, CP020703.1, CP020704.1, CP028330.1, CP025050.1, CP025049.1, CP011369.1,
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CP041945.1, CP039988.1, CP008864.2, CP031878.1, CP031877.1, CP031876.1, CP034244 1,
CP000438.1, CP008739.2, CP031225.1, CP020351.1, CP026558.1, CP042804.1, CP026562.1,
CP046441.1, CP046035.1, CP050260.1, AP022642.1, L'T629787.1, CP000058.1, CP008742.1,
CP041754.1, CP017290.1, CP007014.1, LT963408.1, LT963409.1, CP012179.1, CP011972.2,
CP018202.1, CP032631.1, CP019730.1, CP019732.1, CP024712.1, CP017007.1, CP017009.1,
CP032871.1, L'T963402.1, LT963391.1, CP047260.1, AE016853.1, CP019871.1, CP047072.1,
CP047071.1, CP047073.1, L'T985192.1 and CP034558.1, or an orthologue or homologue of such a
pump. Optionally, such RND efflux protein is encoded by gene P syringae PSPTO_0820 or an

orthologue or homologue thereof.

Example Non-Pseudomonas Strains

For example, the target cell is a cell of a strain selected from Azotobacter chroococcum NCIMB 8003,
Azotobacter chroococcum strain B3, Azotobacter salinestris strain KACC 13899, Burkholderia
ambifaria MC40-6, Burkholderia cenocepacia AU 1054 chromosome 1, Burkholderia cenocepacia
HI2424 chromosome 3, Burkholderia cenocepacia MCO-3, Burkholderia cenocepacia strain CR318
chromosome 3, Burkholderia cenocepacia strain FDAARGOS 720, Burkholderia lata strain A035,
Burkholderia pyrrocinia strain mHSRS, Cupriavidus basilensis strain 4G11, Cupriavidus necator N-1
plasmid pBB1, Cupriavidus taiwanensis STM 3679, Lysobacter gummosus strain 3.2.11,
Paraburkholderia sprentiac WSM30035, Paraburkholderia terricola strain mHS1, Ralstonia
pseudosolanacearum strain CRMRs2 18, Ralstonia solanacearum strain UA-1591, Variovorax
paradoxus S110, Variovorax sp. PBL-H6, Xanthomonas arboricola pv. juglandis strain Xaj 417,
Xanthomonas arboricola pv. pruni strain 15-088, Xanthomonas arboricola strain 17, Xanthomonas
axonopodis pv. dieffenbachiac LMG 695, Xanthomonas axonopodis pv. phaseoli strain ISO18C8,
Xanthomonas axonopodis pv. phaseoli strain ISO98C12, Xanthomonas campestris pv. campestris
MAFF302021, Xanthomonas citri pv. glycines strain 2098, Xanthomonas euvesicatoria strain
LMG930, Xanthomonas perforans strain LH3 and Xanthomonas sp. ISO98C4, which strains have
NCBI Accession Numbers respectively of CP010415.1, CP011835.1, CP045302.1, CP001027.1,
CP000378.1, CP000460.1, CP000960.1, CP017240.1, CP050980.1, CP024945.1, CP024903.1,
CP010537.1, CP002879.1, LT984803.1, CPO11131.1, CP017561.1, CP024941.1, CP021764.1,
CP034195.1, CP001636.1, LR594659.1, CP012251.1, CP044334.1, CP011256.1, CP014347.1,
CP012063.1, CP012057.1, AP019684.1, CP041965.1, CP018467.1, CP018475.1 and CP012060.1.

For example, the target cell comprises a RND efflux pump or RND efflux pump protein of a strain
selected from
(a) Pseudomonas acruginosa strain: IOMTU 133, Pseudomonas acruginosa DSM 50071,

Pseudomonas acruginosa genome assembly NCTC10332, Pseudomonas acruginosa isolate B10W,
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Pseudomonas acruginosa isolate PA140r, Pscudomonas acruginosa NCGM2.S1, Pseudomonas
acruginosa PAK, Pscudomonas acruginosa strain 243931, Pscudomonas acruginosa strain 24Pac112 ,
Pseudomonas acruginosa strain 268, Pseudomonas acruginosa strain 60503, Pseudomonas acruginosa
strain AR_0095, Pseudomonas acruginosa strain AR 0353, Pseudomonas acruginosa strain AR 0354,
Pseudomonas acruginosa strain AR 455, Pseudomonas acruginosa strain BAMCPAO07-48,
Pseudomonas acruginosa strain CCUG 51971, Pseudomonas aeruginosa strain E90, Pseudomonas
acruginosa strain FDAARGOS 571, Pseudomonas aeruginosa strain GIMC5002:PAT-169,
Pseudomonas acruginosa strain H26023, Pseudomonas aeruginosa strain L10, Pseudomonas
aeruginosa strain M1608, Pseudomonas acruginosa strain M37351, Pseudomonas aeruginosa strain
MRSN12280, Pseudomonas aeruginosa strain NCTC13715, Pseudomonas acruginosa strain Pa38,
Pseudomonas aeruginosa strain PABL048, Pseudomonas acruginosa strain PAK, Pseudomonas
acruginosa strain PASGNDM345, Pseudomonas acruginosa strain PASGNDM699, Pseudomonas
aeruginosa strain PA-VAP-3, Pseudomonas acruginosa strain PB368, Pseudomonas aeruginosa strain
PB369, Pscudomonas aeruginosa strain S04 90, Pscudomonas aeruginosa strain ST773,Pseudomonas
aeruginosa strain T2436, Pseudomonas acruginosa strain W60856, Pseudomonas aeruginosa strain
WPB099, Pseudomonas acruginosa strain WPB100, Pseudomonas aeruginosa strain WPB101,
Pseudomonas acruginosa UCBPP-PA 14, Pseudomonas acruginosa UCBPP-PA 14, Pseudomonas
acruginosa VRFPA04, Pseudomonas amygdali pv. lachrymans str. M301315, Pseudomonas amygdali
pv. lachrymans strain NM002, Pseudomonas amygdali pv. morsprunorum strain R15244,
Pseudomonas amygdali pv. tabaci str. ATCC 11528, Pseudomonas avellanae strain R2leaf,
Pscudomonas coronafaciens pv. coronafaciens strain B19001, Pseudomonas coronafaciens pv. oryzae
str. 1_6, Pseudomonas coronafaciens strain X-1, Pseudomonas otitidis MrB4, Pseudomonas salegens
strain CECT 8338, Pseudomonas savastanoi pv. phaseolicola 1448 A, Pseudomonas savastanoi pv.
savastanoi NCPPB 3335, Pseudomonas sp. KBS0707, Pseudomonas sp. LPH1, Pseudomonas
syringac CC1557, Pseudomonas syringae group genomosp. 3 isolate CFBP6411, Pseudomonas
syringae isolate CFBP3840, Pseudomonas syringae pv. actinidiac ICMP 18708, Pseudomonas
syringae pv. actinidiac ICMP 18884, Pseudomonas syringae pv. actinidiac ICMP 9853, Pseudomonas
syringae pv. actinidiae str. Shaanxi_M228, Pseudomonas syringae pv. actinidiae strain CRAFRU
12.29, Pseudomonas syringae pv. actinidiae strain CRAFRU 14.08, Pseudomonas syringae pv.
actinidiae strain MAFF212063, Pseudomonas syringae pv. actinidiae strain NZ-45, Pseudomonas
syringae pv. actinidiae strain NZ-47, Pseudomonas syringae pv. actinidiae strain P155, Pseudomonas
syringae pv. avii isolate CFBP3846, Pseudomonas syringae pv. cerasicola isolate CFBP6109,
Pseudomonas syringae pv. maculicola str. ES4326, Pseudomonas syringae pv. tomato str. DC3000,
Pseudomonas syringae pv. tomato strain B13-200, Pseudomonas syringae pv. tomato strain delta
IV/IX, Pseudomonas syringae pv. tomato strain delta VI, Pseudomonas syringae pv. tomato strain

delta X, Pseudomonas syringae strain CFBP 2116 and Pseudomonas syringae strain Ps25, which
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strains have NCBI Accession Numbers respectively of AP017302.1, CP012001.1, LN831024.1,
CP017969.1, LT608330.1, AP012280.1, CP020659.1, CP041772.1, CP029605.1, CP032761.1,
CP041774.1, CP027538.1, CP027172.1, CP027171.1, CP030328.1, CP015377.1, CP043328.1,
CP044006.1, CP033833.1, CP043549.1, CP033685.1, CP019338.1, CP008862.2, CP008863.1,
CP028162.1, LR134330.1, CP021775.1, CP039293.1, LR657304.1, CP020703.1, CP020704.1,
CP028330.1, CP025050.1, CP025049.1, CP011369.1, CP041945.1, CP039988.1, CP008864 .2,
CP031878.1, CP031877.1, CP031876.1, CP034244.1, CP000438.1, CP008739.2, CP031225.1,
CP020351.1, CP026558.1, CP042804.1, CP026562.1, CP046441.1, CP046035.1, CP050260.1,
AP022642.1, LT629787.1, CP000058.1, CP008742.1, CP041754.1, CP017290.1, CP007014.1,
LT963408.1, LT963409.1, CP012179.1, CP011972.2, CP018202.1, CP032631.1, CP019730.1,
CP019732.1, CP024712.1, CP017007.1, CP017009.1, CP032871.1, LT963402.1, LT963391.1,
CP047260.1, AE016853.1, CP019871.1, CP047072.1, CP047071.1, CP047073.1, LT985192.1 and
CP034558.1, or an orthologue or homologue of such a pump; or

(b) Azotobacter chroococcum NCIMB 8003, Azotobacter chroococcum strain B3, Azotobacter
salinestris strain KACC 13899, Burkholderia ambifaria MC40-6, Burkholderia cenocepacia AU 1054
chromosome 1, Burkholderia cenocepacia HI2424 chromosome 3, Burkholderia cenocepacia MCO-3,
Burkholderia cenocepacia strain CR318 chromosome 3, Burkholderia cenocepacia strain
FDAARGOS 720, Burkholderia lata strain A05, Burkholderia pyrrocinia strain mHSRS, Cupriavidus
basilensis strain 4G11, Cupriavidus necator N-1 plasmid pBB1, Cupriavidus taiwanensis STM 3679,
Lysobacter gummosus strain 3.2.11, Paraburkholderia sprentiac WSM50035, Paraburkholderia
terricola strain mHS 1, Ralstonia pseudosolanacearum strain CRMRs2 18, Ralstonia solanacearum
strain UA-1591, Variovorax paradoxus S110, Variovorax sp. PBL-H6, Xanthomonas arboricola pv.
juglandis strain Xaj 417, Xanthomonas arboricola pv. pruni strain 15-088, Xanthomonas arboricola
strain 17, Xanthomonas axonopodis pv. dieffenbachiac LMG 695, Xanthomonas axonopodis pv.
phaseoli strain ISO18C8, Xanthomonas axonopodis pv. phaseoli strain ISO98C12, Xanthomonas
campestris pv. campestris MAFF302021, Xanthomonas citri pv. glycines strain 2098, Xanthomonas
euvesicatoria strain LMG930, Xanthomonas perforans strain LH3 and Xanthomonas sp. ISO98C4,
which strains have NCBI Accession Numbers respectively of CP010415.1, CP011835.1, CP045302.1,
CP001027.1, CP000378.1, CP000460.1, CP000960.1, CP017240.1, CP050980.1, CP024945.1,
CP024903.1, CP010537.1, CP002879.1, L'T984803.1, CPO11131.1, CP017561.1, CP024941.1,
CP021764.1, CP034195.1, CP001636.1, LR594659.1, CP012251.1, CP044334.1, CP011256.1,
CP014347.1, CP012063.1, CP012057.1, AP019684.1, CP041965.1, CP018467.1, CP018475.1 and
CP012060.1, or an orthologue or homologue of such a pump. Optionally, such RND efflux protein is
encoded by gene P syringae PSPTO_0820 or an orthologue or homologue thereof.

For example, the target cell comprises an RND efflux pump protein encoded by gene P syringae

PSPTO_0820 or an orthologue or homologue thereof.
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For example, when the target cell comprises an RND efflux pump protein encoded by gene P syringae
PSPTO_0820 or an orthologue or homologue thereof: The target cell is an Azotobacter, Burkholderia,
Cupriavidus, Lysobacter, Paraburkholderia, Ralstonia, Variovorax, Xanthomonas or Pseudomonas
cell. For example, the target cell is a cell of a Pseudomonas species, optionally wherein the species is
selected from Pseudomonas aeruginosa Pseudomonas amygdali, Pseudomonas asturiensis,
Pseudomonas avellanae, Pseudomonas cerasi, Pseudomonas chlororaphis, Pseudomonas cichorii,
Pseudomonas coronafaciens, Pseudomonas otitidis, Pseudomonas putida, Pseudomonas salegens
Pseudomonas savastanoi, Pseudomonas syringae and Pseudomonas viridiflava. For example, the
target cell is a cell of a species selected from Azotobacter chroococcum, Azotobacter salinestris,
Burkholderia ambifaria, Burkholderia cenocepacia, Burkholderia lata, Burkholderia pyrrocinia,
Cupriavidus basilensis, Cupriavidus necator, Cupriavidus taiwanensis, Lysobacter gummosus,
Paraburkholderia sprentiae, Paraburkholderia terricola, Ralstonia pseudosolanacearum, Ralstonia
solanacearum, Variovorax paradoxus, Xanthomonas arboricola, Xanthomonas axonopodis,
Xanthomonas campestris Xanthomonas citri, Xanthomonas euvesicatoria and Xanthomonas

perforans.

PSPTO_4977, Orthologues & Homologues

A PSPTO_4977 gene orthologue or homologue may be gene comprised any of the following strains.
Example Non-Pseudomonas Strains

For example, the target cell is a cell of a strain selected from Stenotrophomonas rhizophila strain

GA1, Enterococcus faecalis strain V583 and Paucimonas lemoignei strain NCTC10937, which strains

have NCBI Accession Numbers respectively CP031729.1, CP022312.1 and LS483371.1.

Example Pseudomonas Strains

For example, the target cell is a cell of a strain selected from Pseudomonas amygdali pv. lachrymans
strain NM002, Pseudomonas amygdali pv. morsprunorum strain R15244, Pseudomonas amygdali pv.
tabaci str. ATCC 11528, Pseudomonas asturiensis strain CC1524, Pseudomonas avellanae strain R2,
Pseudomonas cerasi isolate PL963, Pseudomonas chlororaphis strain PCL1606, Pseudomonas
chlororaphis subsp. aurantiaca strain JD37, Pseudomonas chlororaphis subsp. aureofaciens strain
ChPhzTR36, Pseudomonas chlororaphis subsp. chlororaphis strain DSM 50083, Pseudomonas
chlororaphis subsp. piscium strain DSM 21509, Pseudomonas cichorii JBC1, Pseudomonas
coronafaciens pv. coronafaciens strain B19001, Pseudomonas putida GB-1 chromosome,
Pseudomonas savastanoi pv. phaseolicola 1448A, Pseudomonas sp. 09C 129, Pseudomonas syringae
CC1557, Pseudomonas syringae pv. actinidiac ICMP 18708, Pseudomonas syringae pv. cerasicola

isolate CFBP6109, Pseudomonas syringae pv. lapsa strain ATCC 10859, Pseudomonas syringae pv.
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maculicola str. ES4326, Pseudomonas syringae pv. pisi str. PP1, Pscudomonas syringae pv. syringae
B301D, Pseudomonas syringae pv. syringac B301D, Pseudomonas syringac UMAF0158 and
Pseudomonas viridiflava strain CFBP 1590, which strains have NCBI Accession Numbers
respectively of CP020351.1, CP026558.1, CP042804.1, CP047265.1, CP026562.1, LT963395.1,
CPO11110.1, CP009290.1, CP027721.1, CP027712.1, CP027707.1, CP007039.1, CP046441.1,
CP000926.1, CP000058.1, CP025261.1, CP007014.1, CP012179.1, LT963391.1, CP013183.1,
CP047260.1, CP034078.1, CP005969.1, AE016853.1, CP005970.1 and LT855380.1.

For example, the target cell comprises a RND efflux pump or RND efflux pump protein of a strain
selected from

(a) Stenotrophomonas rhizophila strain GA1, Enterococcus faecalis strain V583 and Paucimonas
lemoignei strain NCTC10937, which strains have NCBI Accession Numbers respectively
CP031729.1, CP022312.1 and LS483371.1, or an orthologue or homologue of such a pump; or

(b) Pseudomonas amygdali pv. lachrymans strain NM002, Pseudomonas amygdali pv.
morsprunorum strain R15244, Pseudomonas amygdali pv. tabaci str. ATCC 11528, Pseudomonas
asturiensis strain CC1524, Pseudomonas avellanae strain R2, Pseudomonas cerasi isolate PL963,
Pseudomonas chlororaphis strain PCL1606, Pseudomonas chlororaphis subsp. aurantiaca strain JD37,
Pseudomonas chlororaphis subsp. aureofaciens strain ChPhzTR36, Pseudomonas chlororaphis subsp.
chlororaphis strain DSM 50083, Pseudomonas chlororaphis subsp. piscium strain DSM 21509,
Pseudomonas cichorii JBC1, Pseudomonas coronafaciens pv. coronafaciens strain B19001,
Pseudomonas putida GB-1 chromosome, Pseudomonas savastanoi pv. phaseolicola 1448A,
Pseudomonas sp. 09C 129, Pseudomonas syringae CC1557, Pseudomonas syringae pv. actinidiae
ICMP 18708, Pseudomonas syringae pv. cerasicola isolate CFBP6109, Pseudomonas syringae pv.
lapsa strain ATCC 10859, Pseudomonas syringae pv. maculicola str. ES4326, Pseudomonas syringae
pv. pisi str. PP1, Pseudomonas syringae pv. syringac B301D, Pseudomonas syringae pv. syringae
B301D, Pseudomonas syringac UMAFO0158 and Pseudomonas viridiflava strain CFBP 1590, which
strains have NCBI Accession Numbers respectively of CP020351.1, CP026558.1, CP042804.1,
CP047265.1, CP026562.1, LT963395.1, CP011110.1, CP009290.1, CP027721.1, CP027712.1,
CP027707.1, CP007039.1, CP046441.1, CP000926.1, CP000058.1, CP025261.1, CP007014.1,
CP012179.1, L'T963391.1, CP013183.1, CP047260.1, CP034078.1, CP005969.1, AE016853.1,
CP005970.1 and LT855380.1, or an orthologue or homologue of such a pump.

For example, the target cell comprises an RND efflux pump protein encoded by gene P syringae

PSPTO_4977 or an orthologue or homologue thereof.

For example, when the target cell comprises an RND efflux pump protein encoded by gene P syringae

PSPTO_4977 or an orthologue or homologue thereof: The target cell is a Stenotrophomonas,
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Enterococcus, Paucimonas or Pseudomonas cell. For example, the target cell is a cell of a
Pseudomonas species, optionally wherein the species is selected from Pseudomonas amygdali,
Pseudomonas asturiensis, Pseudomonas avellanae, Pseudomonas cerasi, Pseudomonas chlororaphis,
Pseudomonas cichorii, Pseudomonas coronafaciens, Pseudomonas putida, Pseudomonas savastanoi,
Pseudomonas syringae and Pseudomonas viridiflava. For example, the target cell is a cell of a
species selected from Stenotrophomonas rhizophila, Enterococcus faecalis, Paucimonas lemoignei,
Pseudomonas amygdali, Pseudomonas asturiensis, Pseudomonas avellanae, Pseudomonas cerasi,
Pseudomonas chlororaphis, Pseudomonas cichorii, Pseudomonas coronafaciens, Pseudomonas

putida, Pseudomonas savastanoi, Pseudomonas syringae and Pseudomonas viridiflava.

Example Carrier Cells

For example, each carrier cell is a gram-positive bacterial cell. For example, each carrier cell is a
gram-negative bacterial cell. For example, the carrier cell is a cell of a genus or species disclosed in
Table 1 of WO2017211753 (the disclosure of this table and each genus and species individually being

incorporated herein for disclosure of cell genus or species that may be used in the present invention).
For example, the carrier cell is a cell of phylum Proteobacteria, class Gammaproteobacteria, order
Pseudomonadales or family Pseudomonadaceae. In a preferred example, the carrier is a
Pseudomonas (eg, P fluorscens) cell.

For example, the carrier is an E coli cell (eg, E coli , K12, Nissle or S17 cell,).

For example, the carrier is a gram positive cell, eg, a Bacillus (such as Bacillus subtilis) or

Cloistridiales (such as Clostridium butyricum) cell.

In an example, the subject is a shellfish. The shellfish may be selected from shrimp, crayfish, crab,

lobster, clam, scallop, oyster, prawn and mussel.

The subject may be any subject disclosed herein. The subject may be an animal, such as a livestock

animal, eg, a bird (such as a poultry bird; or a chicken or a turkey) or swine,

In an alternative, the subject is a plant, eg, and the target bacteria are plant pathogen bacteria. In an

example, the target baceteria are Pseudomonas, eg, P syringae or P aeruginosa.
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In an alternative, the carrier and target cells are archaeal cells. For example the target cells are

methanobacterium cells. For example the target cells are methanogen cells. For example, the target
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cells comprise one or more species of cell selected from:

Methanobacterium bryantii
Methanobacterium formicum
Methanobrevibacter arboriphilicus
Methanobrevibacter gottschalkii
Methanobrevibacter ruminantium
Methanobrevibacter smithii
Methanococcus chunghsingensis
Methanococcus burtonii
Methanococcus aeolicus
Methanococcus deltae
Methanococcus jannaschii
Methanococcus maripaludis
Methanococcus vannielii

Methanocorpusculum labreanum

Methanoculleus bourgensis (Methanogenium olentangyi & Methanogenium bourgense)

Methanoculleus marisnigri
Methanoflorens stordalenmirensis{34]
Methanofollis liminatans
Methanogenium cariaci
Methanogenium frigidum
Methanogenium organophilum
Methanogenium wolfei
Methanomicrobium mobile
Methanopyrus kandleri
Methanoregula boonei
Methanosaeta concilii
Methanosaeta thermophila
Methanosarcina acetivorans
Methanosarcina barkeri
Methanosarcina mazei
Methanosphaera stadtmanae
Methanospirillium hungatei

Methanothermobacter defluvii (Methanobacterium defluvii)
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. Methanothermobacter thermautotrophicus (Methanobacterium thermoautotrophicum)
. Methanothermobacter thermoflexus (Methanobacterium thermoflexum)

. Methanothermobacter wolfei (Methanobacterium wolfei)

. Methanothrix sochngenii

Optionally, the target cells are not pathogenic to the subject, for example when the method is a non-

medical method. In an example, the method is a cosmetic method.

For example, the target cells are methane-producing cells, and optionally the subject is a livestock
animal, preferably a ruminant, or a cow (eg, a beef or dairy cattle). By reducing methane-producing
cells in such animal, the invention may in one embodiment enhance the weight of the animal (eg,
enhance the yield of meat from the animal) and/or enhance the yield of milk or another product of the

animal, such as fur or fat.

In an example, the target cells are selected from E. coli, Salmonella and Campylobacter cells. In an
example, the target cells are E. coli, Salmonella or Campylobacter cells. In an example, each animal
is a chicken (eg, a broiler or hen-layer) and the target cells are Salmonella or Campylobacter cells. In

an example, each animal is a cow (eg, a beef or dairy cow) and the target cells are methanogen cells.

In an example, the target cells are selected from Mycoplasma (eg, Mycoplasma mycoides (eg,
Mycoplasma mycoides subsp. Mycoides), Mycoplasma leachii or Mycoplasma bovis), Brucella
abortus, Listeria monocytogenes, Clostridium (eg, Clostridium chauvoei or Clostridium septicum),
Leptospira (eg, L. canicola, L. icterohaemorrhagiae, L. grippotyphosa, L. hardjo or L. Pomona),
Mannheimia haemolytica, Trueperella pyogenes, Mycobacterium bovis, Campylobacter spp. (eg,
Campylobacter jejuni or Campylobacter coli), Bacillus anthracis, E. coli (eg, E. coli O157:H7) or
Pasteurella multocida (eg, Pasteurella multocida B:2, E:2, A:1 or A:3). In the example, optionally

the subject or animal is a livestock animal, such as a cow, sheep, goat or chicken (preferably a cow).

Optionally, eg, wherein the subject is an animal (eg, a livestock animal or a wild animal), the target
cells are zoonotic bacterial cells, such as cells of a species selected from Bacillus anthracis,
Mycobacterium bovis (eg, wherein the animal is a cow), Campylobacter spp (eg. wherein the animal
is a poultry animal), Mycobacterium marinum (eg. wherein the animal is a fish), Shiga toxin-
producing E. coli (eg. wherein the animal is a ruminant), Listeria spp (eg, wherein the animal is a cow
or sheep), Chlamydia abortus (eg, wherein the animal is a sheep), Coxiella burnetii (eg, wherein the

animal is a cow, sheep or goat), Salmonella spp (eg, wherein the animal is a poultry animal),
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Streptococcus suis (eg, wherein the animal is a pig) and Corynebacterium (eg, C ulcerans) (eg,

wherein the animal is a cow).

In an example, a plurality of carrier cells as described herein (eg, carrier cells of any configuration,
aspect, example or embodiment described herein) is administered to the subject, wherein the carrier

cells comprise the plasmid DNA encoding the agent.

In an example, each animal is a chicken (eg, a broiler or hen-layer) and the target cells are Salmonella
or Campylobacter cells. In an example, each animal is a cow (eg, a beef or dairy cow) and the target

cells are methanogen cells.

Optionally, the target cells are Salmonella cells. In an example, the target cells comprise S enterica
and/or S typhimurium cells; optionally wherein the S enterica is S enterica subspecies enterica.
Optionally, the method kills a plurality of different S enterica subspecies enterica serovars; optionally
wherein each serovar is selected from the group consisting of Typhimurium, Enteritidis, Virchow,
Montevideo, Heidelberg, Hadar, Binza, Bredeney, Infantis, Kentucky, Seftenberg, Mbandaka,
Anatum, Agona and Dublin. Optionally, the method kills S enterica subspecies enterica serovars
Typhimurium, Infantis and Enteritidis. Optionally, the method kills S enterica subspecies enterica
serovars Typhimurium and Enteritidis. Optionally, the method kills S enterica subspecies enterica
serovars Typhimurium and Infantis. Optionally, the method kills S enterica subspecies enterica
serovars Enteritidis and Infantis. The most prevalent serovars in chicken are Salmonella Enteritidis,
Salmonella Infantis and Salmonella Typhimurium. In general, similar serovars of Salmonella are
found in infected humans and chicken (S. Enteritidis and S. Typhimurium). By killing Salmonella in
livestock animals, the invention is useful for reducing the pool of zoonotic bacteria that are available
for transmission to humans (such as by eating the livestock or products made thereofrom, such as

meat or dairy products for human consumption).

Advantageously, the carrrier cells are Enterobacteriaceae cells, optionally E coli cells. Optionally,

the method kills S enterica subspecies enterica serovars Typhimurium and Enteritidis serovars.

Optionally the method reduces target cells in the gastrointestinal tract of the animal; optionally the
method reduces target cells in the jejunum, ileum, colon, liver, spleen or caccum of the animal;
optionally wherein the animal is a bird and the method reduces target cells in the caecum of the bird.
This may be important to reduce spread of zoonotic or other deterimental target strains in the facces of

the subjects, such as livestock animals. Thus, in an example the method is carried out on a group of
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subjects (eg, a herd or flock, such as a herd of swine or a flock of birds), wherein spread of cells of the

target species is reduced in the group.

Thus, in an example the method is carried out on a group (optionally a flock or herd) of animals,
wherein some or all of the animals comprise target cells (eg, Salmonella cells), wherein spread of
cells of the target species is reduced in the group; or wherein spread is reduced from the group to a

second group of animals.

Optionally, the plasmid comprises a RP4 origin of transfer (oriT). The plasmid may be any type of

plasmid disclosed herein.

The agent may be any antibacterial agent disclosed herein, preferably a guided nuclease that is
programmed to cut one or more target sequences in target cells. A suitable nuclease may be a
TALEN, meganuclease, zinc finger nuclease or Cas nuclease. For example, the agent comprises one
or more components (eg, a Cas nuclease and/or a guide RNA or a crRNA) of a CRISPR/Cas system
that is operable in a target cell to cut a protospacer sequence comprised by the target cell, optionally
wherein the target cells comprise first and second strains of a bacterial species and each strain
comprises the protospacer sequence, wherein cells of the strains are killed. For example, the system is
operable to cut at least 3 different protospacer sequences comprised by the cell genome. Optionally,
each or some of said protospacer sequences is comprised by a pathogenicity island that is comprised
by the cell. Optionally, the agent is operable to cut a plurality of different protospacer sequences
comprised by the target cell genome. Optionally, the agent comprises one or more components of a
CRISPR/Cas system that is operable in a target cell to cut at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 different
protospacer sequences comprised by the target cell genome (eg, comprised by the target cell

chromosome).

In an embodiment, the agent
(a) comprises a guided nuclease that is capable of recognising and modifying a target nucleic acid
sequence, wherein the target sequence is comprised by an endogenous chromosome or
episome of the target cells but is not comprised by the carrier cells, wherein the nuclease
modifies the chromosome or episome to kill the target cells or inhibit the growth or
proliferation of the target cells; and/or
(b) encodes a guide RNA or crRNA of a CRISPR/Cas system that operates with a Cas nuclease in

the target cells to cut a protospacer sequence comprised by the target cells.

Optionally, each target cell is a Salmonella cell and each carrier cell is an Enterobacteriaceae cell.

36



10

15

20

25

30

35

WO 2022/096703 PCT/EP2021/080876

Optionally, the target cell are cells of a species or strain that is pathogenic to the subject and the

method treats or reduces a symptom of an infection by pathogenic target cells.

Any administration of cells to a subject herein may be by oral administration. Any administration of
cells to a subject herein may preferably be by administration to the GI tract. Any administration of

cells to a subject herein may be by systemic, intranasal or inhaled administration.

There is also provided:

A non-medical method of killing zoonotic bacterial target cells in an animal, the method comprising
administering to the animal a plurality of the carrier cells, wherein said plasmids are transferred from
carrier cells into target cells for expression therein to produce the antibacterial agent, thereby killing
target cells in the subject or reducing the growth or proliferation of target cells, optionally wherein the

target cells are Salmonella cells and/or the carrier cells are Enterobacteriaceae cells.

The animal may be any animal disclosed herein, eg, a livestock animal, domesticated animal or wild

animal (eg, a bat or bird)).

Optionally, any method herein reduces Salmonella in the gastrointestinal tract of the subject.

Optionally, the target cells comprise different Salmonella spp. types that are killed.

There is provided the following definitions:-

Homologue: A gene, nucleotide or protein sequence related to a second gene, nucleotide or protein
sequence by descent from a common ancestral DNA or protein sequence. The term, homologue, may
apply to the relationship between genes separated by the event of or to the relationship between genes
separated by the event of genetic duplication.

Orthologue: Orthologues are genes, nucleotide or protein sequences in different species that evolved
from a common ancestral gene, nucleotide or protein sequence by speciation. Normally, orthologues

retain the same function in the course of evolution.

Optionally any Salmonella herein is Salmonella enterica subsp. enterica serovar Typhimurium str.

LT2.

Optionally, each plasmid encodes a plurality of guide RNAs or crRNAs of a CRISPR/Cas system
wherein the guide RNAs or crRNAs are operable with Cas nuclease in the target cell to recognise a
plurality of protospacer sequences comprised by the target cell genome, optionally wherein the target

cell is a Salmonella cell and the protospacer sequences comprise one or more nucleotide sequences of
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genes selected from invB, sicP and sseE. For example, the protospacer sequences comprise
nucleotide sequences of genes invB, sicP and sseE. In an example, the plasmid also encodes a Cas,
eg, a Cas9, Cas3, Cpfl, Casl2, Casl3, CasX or CasY. In an embodiment, the Cas is a Type L, 11, 111,
IV, V or VI Cas, preferably a Type I or II Cas. In an example, the DNA also encodes a Cas3 and
cognate Cascade proteins (eg, CasA, B, C, D and E). Optionally, the Cas (and Cascade of present) are
E coli Cas (and Cascade).

The plasmid may comprise one or more CRISPR spacers, wherein each spacer consists of 20-40, 25-
35, or 30-35 consecutive nucleotides of a gene comprised by the genome of the target cell; eg,

(a) agene selected from avrA, sptP, sicP, sipA, sipD, sipC, sipB, sicA, invB, ssaE, sseA, sseB,
sscA, sseC, sseD, sseE, sscB, sseF, sseG, mgtC, cigR, pipA, pipB, pipC, sopB and pipD of
Salmonella or a homologue or orthologue thereof;

(b) a gene comprised by a pathogenicity island that is comprised by the target cell genome;

(c) asecretion system (eg, a type III protein secretion system) gene comprised by the target cell

genome.

Optionally, the plasmid comprises a RP4 origin of transfer (oriT) and/or a p15A origin of replication.

In an example, the plasmid is a conjugative phagemid.

In an example, the plasmid encodes a Cas3 and optionally one or more Cascade proteins (eg, one or
more of CasA, B, C, D and E). In an embodiment, the plasmid encodes a Cas3 and CasA, B, C, D
and E. In an embodiment, the plasmid encodes an E coli Cas3 and CasA, B, C, D and E. Optionally,
the guided nuclease (eg, Cas3) is a Type I-A, -B, -C, -D, -E, -F or -U Cas.

In an example, the agent in any configuration, aspect, example, option or embodiment herein, the
agent comprises one or more components of a CRISPR/Cas system that is operable in the target cell to

cut a protospacer sequence comprised by the target cell.

In an example, the system is operable to cut at least 3 different protospacer sequences comprised by
the target cell genome. In an embodiment, each or some of said protospacer sequences is comprised

by a pathogenicity island that is comprised by the target cell.

In an example, the plasmid
(a) encodes a guided nuclease that is capable of recognising and modifying a target cell

nucleic acid sequence, wherein the target sequence is comprised by an endogenous
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chromosome or episome of the target cell(s) but is not comprised by the carrier cell(s),
wherein the nuclease modifies the chromosome or episome to kill the target cell(s) or
inhibit the growth or proliferation of the target cell(s); and/or

(b) encodes a guide RNA or crRNA of a CRISPR/Cas system that operates with a Cas

nuclease in the target cell to cut a protospacer sequence comprised by the target cell.

Optionally, the plasmid comprises a constitutive promoter for expression of the guide RNAs or
crRNAs. Optionally, the plasmid comprises a constitutive promoter for expression of a Cas nuclease
that is operable in a target cell with the guide RNAs or crRNAs to modify (eg, cut) protospacer

sequences of the target cell genome.

Optionally, the Cas, Cascade proteins, gRNAs and crRNAs are E. coli K12 (MG1655) Cas, Cascade
proteins, gRNAs and crRNAs respectively. Optionally, the plasmid is devoid of nucleotide sequences

encoding Casl and Cas?2 proteins.

In embodiments, the growth or proliferation of target cells is reduced (eg, by at least 40, 50, 60, 70,
80, or 90% compared to growth in the absence of the agent). The invention finds application, for
example, in controlling or killing target bacteria that are pathogenic to humans, animals or plants.
The invention finds application, for example, in controlling or killing zoonotic target bacteria
comprised by an animal (eg, a livestock animal). For example, the carrier cells may be comprised by
a medicament for treating or preventing a disease or condition in a human or animal; a growth
promoting agent for administration to animals for promoting growth thereof; killing zoonositic
bacteria in the animals; for administration to livestock as a pesticide; a pesticide to be applied to

plants; or a plant fertilizer.

An advantage may be that the carrier cells may be used as producer cells in which DNA encoding the

antibacterial agent can be replicated.

Example Plasmids

A method of delivery of any agent, such as a CRISPR-Cas system (or a component thereof) can be by
bacterial conjugation, a natural process whereby a donor bacterium (carrier bacterium) transfers
plasmid DNA from itself to a recipient bacterium (target bacterium). Donor bacteria elaborate a
surface structure, the pilus which can be considered to be like a syringe or drinking straw through
which the DNA is delivered. The donor pilus binds to the surface of a receptive recipient and this
event triggers the process of DNA transfer. Plasmids are suitable for this conjugative process, where

the plasmid comprises DNA enoding the agent of the invention.
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DNA transfer by conjugation may only take place with a “susceptible recipient” but does not generally
occur with a recipient carrying a similar type of plasmid. Because conjugation is via pilus bridge, it is
possible for that bridge to attach itself not to a recipient but to the donor bacterium. This could result
in a futile cycle of transfer of the plasmid DNA to itself. Plasmids thus naturally encode
incompatibility factors. One is a surface arrayed protein that prevents the pilus binding to bacterium
displaying that surface protein such as itself or any other bacterium carrying the same plasmid.
Additionally, plasmids naturally encode another incompatibility system that closely regulates the copy
number of the plasmid inside a bacterium. Thus, should a conjugation event manage to evade surface
exclusion and start to transfer DNA by conjugation, the recipient will prevent that plasmid
establishing as it already maintains the current copy number and will not accept and maintain a further

unwanted additional copy.

In an example of the invention, the plasmid is a member of a plasmid incompatibility group, wherein
the target cell does not comprise a plasmid of said group. Optionally, the plasmid of the invention is a
member of the incompatibility group P (ie, the plasmid is an incP plasmid). Salmonella very rarely
carry incP plasmids, so this incP plasmid is useful where the target cell is a Salmonella cell. For
example within the Enterobacteriaceae the following is a non-exclusive list of potential plasmids that
could use for delivery: IncFI, IncFII, IncFIll, IncFIV, IncFV, IncM, Inc9, InclO, Incl, IncA, IncB,
IncC, IncH, Incla, Incllc, Incl2, Incly, IncJ, IncL, IncN, Inc2e, IncO, IncP, IncS, IncT and/or IncW.
Thus, optionally, the target cell is an Enterobacteriaceae cell and the DNA of the invention is
comprised by a plasmid, wherein the plasmid is selected from an IncFI, IncFII, IncFIll, IncFIV,
IncFV, IncM, Inc9, InclO, Incl, IncA, IncB, IncC, IncH, Incla, Incllc, Incl2, Incly, IncJ, IncL, IncN,
Inc2e, IncO, IncP, IncS, IncT and IncW plasmid.

In an example, the carrier cell of the invention comprises two or more plasmids, each plasmid
comprising a DNA that encodes an antibacterial agent, wherein a first of said plasmids is a member of
a first incompatibility group, wherein the target cell does not comprise a plasmid of said first group,
and wherein a second of said plasmids is a member of a second incompatibility group, wherein the
target cell does not comprise a plasmid of said second group. For example, a carrier cell may
comprise an incP plasmid encoding an anti-target cell CRISPR-Cas system or a component thereof
(eg, encoding a first crRNA or guide RNA that targets a first protospacer sequence of the target cell
genome) and wherein the carrier cell further comprises an incF1 plasmid encoding an anti-target cell
CRISPR-Cas system or a component thereof (eg, encoding a second ctRNA or guide RNA that targets
a second protospacer sequence of the target cell genome), the protospacers comprising different

nucleotide sequences. For example, the protospacers are comprised by different genes of the target
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cell genome. For example, the protospacers are comprised by one or more pathogenicity islands of
the target cell genome. Optionally, the target cell is an Enterobacteriaceae cell.  Optionally, the
carrier cell comprises a group of plasmids comprising 2, 3, 4, 5, 6 or more different types of plasmid,
wherein each plasmid is capable of being conjugatively transferred into a target cell, wherein the
plasmids encode different agents or different components of an antibacterial agent. For example, the
plasmids encode different cRNAs or gRNAs that target different protospacers comprisesd by the
target cell genome. For example, the group of plasmids comprises up to n different types of plasmid,
wherein the plasmids are members of up to n different incompatibility groups, eg, groups selected
from IncFI, IncFII, IncFIll, IncFIV, IncFV, IncM, Inc9, InclO, Incl, IncA, IncB, IncC, IncH, Incla,
Inclle, Incl2, Incly, IncJ, IncL, IncN, Inc2e, IncO, IncP, IncS, IncT and IncW. For example, n=2, 3,
4,5.6,7.8,9or 10.

For example, the carrier cell comprises (i) a first plasmid that encodes a first type of CRISPR/Cas
system that targets a first protospacer comprised by the target cell genome, or encodes a component of
said system; and (ii) a second plasmid that encodes a second type of CRISPR/Cas system that targets
a second protospacer comprised by the target cell genome, or encodes a component of said system,
wherein the first and second types are different. For example, the first type is a Type I system, and
the second type is a Type II system (eg, the first plasmid encodes a Cas3, Cascade and a crRNA or
guide RNA that is operable with the Cas3 and Cascade in the target cell to modify the first
protospacer; and the second plasmid encodes a Cas9 and a crRNA or guide RNA that is operable with
the Cas9 in the target cell to modify the second protospacer). In an alternative, the Cas3 and Cascade
are encoded by an endogenous target cell gene, wherein the first plasmid encodes the crRNA or guide
RNA that is operable with the endogenous Cas3 and Cascade in the target cell to modify the first
protospacer. In an alternative, the Cas9 is encoded by an endogenous target cell gene, wherein the
second plasmid encodes the crRNA or guide RNA that is operable with the endogenous Cas9 in the
target cell to modify the second protospacer. Optionally, the Cas3 and Cascade are encoded by

endogenous genes of the target cell and the Cas9 is encoded by the second plasmid.

Instead of a Type I and Type II system, the invention alternatively provides in an embodiment a first
plasmid enocoding a Type I CRISPR/Cas system (or component thereof, eg, a Cas3 or a crRNA or a
¢RNA) and a second plasmid encoding a Type III CRISPR/Cas system (or a component thereof).
Instead of a Type I and Type II system, the invention alternatively provides in an embodiment a first
plasmid enocoding a Type I CRISPR/Cas system (or component thereof) and a second plasmid
encoding a Type IV CRISPR/Cas system (or a component thereof). Instead of a Type I and Type I
system, the invention alternatively provides in an embodiment a first plasmid enocoding a Type I

CRISPR/Cas system (or component thereof) and a second plasmid encoding a Type V CRISPR/Cas
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system (or a component thereof). Instead of a Type I and Type Il system, the invention alternatively
provides in an embodiment a first plasmid enocoding a Type I CRISPR/Cas system (or component

thereof) and a second plasmid encoding a Type VI CRISPR/Cas system (or a component thereof).

Instead of a Type I and Type II system, the invention alternatively provides in an embodiment a first
plasmid enocoding a Type II CRISPR/Cas system (or component thereof, eg, a Cas9 or a crRNA ora
gRNA) and a second plasmid encoding a Type III CRISPR/Cas system (or a component thereof).
Instead of a Type I and Type II system, the invention alternatively provides in an embodiment a first
plasmid enocoding a Type Il CRISPR/Cas system (or component thereof) and a second plasmid
encoding a Type IV CRISPR/Cas system (or a component thereof). Instead of a Type I and Type I1
system, the invention alternatively provides in an embodiment a first plasmid enocoding a Type II
CRISPR/Cas system (or component thereof) and a second plasmid encoding a Type V CRISPR/Cas
system (or a component thereof). Instead of a Type I and Type II system, the invention alternatively
provides in an embodiment a first plasmid enocoding a Type II CRISPR/Cas system (or component

thereof) and a second plasmid encoding a Type VI CRISPR/Cas system (or a component thereof).

Instead of a Type I and Type II system, the invention alternatively provides in an embodiment a first
plasmid enocoding a Type V CRISPR/Cas system (or component thereof, eg, a Casl2a or a crRNA)
and a second plasmid encoding a Type III CRISPR/Cas system (or a component thercof). Instead of a
Type I and Type II system, the invention alternatively provides in an embodiment a first plasmid
enocoding a Type V CRISPR/Cas system (or component thereof) and a second plasmid encoding a
Type IV CRISPR/Cas system (or a component thereof). Instead of a Type I and Type II system, the
invention alternatively provides in an embodiment a first plasmid enocoding a Type V CRISPR/Cas
system (or component thereof) and a second plasmid encoding a Type V CRISPR/Cas system (or a
component thereof). Instead of a Type I and Type II system, the invention alternatively provides in an
embodiment a first plasmid enocoding a Type V CRISPR/Cas system (or component thereof) and a
second plasmid encoding a Type VI CRISPR/Cas system (or a component thereof).

Instead of a Type I and Type II system, the invention alternatively provides in an embodiment first
and second plasmids, each enocoding a Type I CRISPR/Cas system (or a component thereof). Instead
of a Type I and Type II system, the invention alternatively provides in an embodiment first and
second plasmids, each enocoding a Type II CRISPR/Cas system (or a component thereof). Instead of
a Type I and Type II system, the invention alternatively provides in an embodiment first and second
plasmids, each enocoding a Type III CRISPR/Cas system (or a component thereof). Instead of a Type
I and Type II system, the invention alternatively provides in an embodiment first and second

plasmids, each enocoding a Type IV CRISPR/Cas system (or a component thereof). Instead of a
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Type I and Type II system, the invention alternatively provides in an embodiment first and second
plasmids, cach enocoding a Type V CRISPR/Cas system (or a component thereof). Instead of a Type
I and Type II system, the invention alternatively provides in an embodiment first and second

plasmids, cach enocoding a Type VI CRISPR/Cas system (or a component thereof).

Optionally, the plasmids are members of different incompatibility groups, eg, groups selected from
IncFI, IncFII, IncFIll, IncFIV, IncFV, IncM, Inc9, InclO, Incl, IncA, IncB, IncC, IncH, Incla, Incllc,
Incl2, Incly, IncJ, IncL, IncN, Inc2e, IncO, IncP, IncS, IncT and IncW. In an example here, the target

cell 1s an Enterobacteriaceae cell.

Advantageously, the carrier cells are for treating or preventing a target cell infection in a human or an
animal subject (eg, a chicken, cow, pig, fish or shellfish). Advantageously, the carrier cells are of a
species that is probiotic to said subject or is probioitic to humans or animals (eg, chickens). For
example, the carrier cells are probiotic E coli cell. For example, the carrier cells are probiotic Bacillus
cell. In an example, the carrier cells are of a species that is pathogenic to said subject, or is
pathogenic to humans or animals (eg, chickens). Advantageously, each plasmid encodes one or more
guide RNAs or one or more ctrRNAs that are capable of hybridizing in the target cell to respective
target nucleic acid sequence(s), wherein the target sequence(s) are comprised by an endogenous
chromosome and/or endogenous episome of the target cell. For example, each plasmid encodes 2, 3,
4,5,6,7,7,9, or 10 (or more than 10) different gRNAs or different crRNAs that hybridise to a
respective target sequence, wherein the target sequences are different from each other. For example,
3 different gRNAs or crRNAs are encoded by each plasmid. For example, 2 different gRNAs or
crRNAs are encoded by each plasmid. For example, 3 different gRNAs or crRNAs are encoded by
each plasmid. For example, 4 different gRNAs or crRNAs are encoded by each plasmid. For
example, 3 different gRNAs or crRNAs are encoded by each plasmid. For example, 5 different
gRNAs or crRNAs are encoded by each plasmid. For example, 6 different gRNAs or crRNAs are
encoded by each plasmid. For example, 7 different gRNAs or crRNAs are encoded by each plasmid.
For example, 8 different gRNAs or crRNAs are encoded by each plasmid. For example, 9 different
gRNAs or crRNAs are encoded by each plasmid. For example, 10 different gRNAs or crRNAs are
encoded by each plasmid. For example, 11 different gRNAs or crRNAs are encoded by each plasmid.
For example, 12 different gRNAs or crRNAs are encoded by each plasmid. For example, 13 different
gRNAs or crRNAs are encoded by each plasmid. In an example, the target cells are Salmonella cells
(eg, wherein the subject is a chicken). In an example, the target cells are E coli cells. In an example,
the target cells are Campylobacter cells (eg, wherein the subject is a chicken). In an example, the
target cells are Edwardsiella cells (eg, wherein the subject is a fish or shellfish, eg, a catfish or a

shrimp or prawn). In an example, the target cells are E coli cells.
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Optionally, cach plasimid comprises an expressible tral and/or tra2 module or a homologue thereof.

Any episome herein may be a plasmid.

Optionally, each plasimid comprises an expressible operon of a tral and/or tra2 module or a

homologue thereof.

Optionally, each plasmid is comprised by a RK2 or R6K plasmid.

Optionally, each plasmid comprises an oriV of a RK2 or R6K plasmid, or a homologue thereof.

Optionally, each plasmid comprises an oriT of a RK2 or R6K plasmid, or a homologue thereof.

Optionally, the agent comprises one or more components of a CRISPR/Cas system that is operable in
the target cell to cut a protospacer sequence comprised by the target cell, eg, wherein the protospacer

sequence is comprised by the cell chromosome.

In an embodiment, the cutting herein kills the target cell. In an alternative, the cutting inhibits the

growth or proliferation of the target cell.

Optionally, the agent encodes a guide RNA or crRNA of a CRISPR/Cas system that is operable with a
Cas nuclease in the target cell to cut a protospacer sequence comprised by the target cell, eg, wherein

the protospacer sequence is comprised by the cell chromosome.

In an example, the target cell is a Salmonelia cell and the protospacer is comprised by a pipA, pipB,
pipC, hilA, sicP, mart or sopB gene. In an example, the protospacer is comprised by a gene that is a

homologue or orthologue of a Salmonella sicP, sseF, pipA, pipB, pipC, hilA, sicP, mart or sopB gene.

Optionally, each plasmid comprises a gene that encodes a product, wherein the product is essential for
survival or proliferation of the carrier cell when in an environment that is devoid of the product,
wherein the carrier cell chromosome does not comprise an expressible gene encoding the product and
optionally the plasmid is the only episomal DNA comprised by the carrier cell that encodes the
product. For example, the gene is selected from an aroA, argH, hisD, leuB, lysA, metB, proC, thrC,
pheA, tyrA, trpC and pflA gene; or wherein the gene is an anti-toxin gene and optionally the first DNA

encodes a cognate toxin.
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For example, the carrier cell is an E coli (eg, Nissle, F18 or S17 E coli strain), Bacillus (eg, B

subtilis), Enterococcus or Lactobacillus cell.

Optionally, the carrier cell is a cell of a human, chicken pig, sheep, cow, fish (eg, catfish or salmon) or

shellfish (eg, shrimp or lobster) commensal bacterial strain (eg, a commensal E coli strain).

Optionally, each carrier cell is for administration to a microbiota of a human or animal subject for

medical use.

For example, the medical use is for treating or preventing a disease disclosed herein. For example,

the medical use is for treating or preventing a condition disclosed herein.

Optionally, the medical use is for the treatment or prevention of a disease or condition mediated by

said target cells.

Optionally, the carrier cell(s) is(are) for administration to an animal for enhancing growth or weight

of the animal.

In alternative, the administration is to a human for enhancing the growth or weight of the human.

Optionally, the enhancing is not a medical therapy. Optionally, the enhancing is a medical therapy.

Optionally, the use comprises the administration of a plurality of carrier cells to a microbiota (eg, a
gut microbiota) of the subject, wherein the microbiota comprises target cells and first DNA is
transferred into target cells for expression therein to produce the antibacterial agent, thereby killing

target cells in the subject or reducing the growth or proliferation of target cells.

For example a plant herein in any configuration or embodiment of the invention is selected from a
tomato plant, a potato plant, a wheat plant, a corn plant, a maize plant, an apple tree, a bean-producing
plant, a pea plant, a beetroot plant, a stone fruit plant, a barley plant, a hop plant and a grass. For
example, the plant is a tree, eg, palm, a horse chestnut tree, a pine tree, an oak tree or a hardwood tree.
For example the plant is a plant that produces fruit selected from strawberries, raspberries,
blackberries, reducrrants, kiwi fruit, bananas, apples, apricots, avoocados, cherries, oranges,
clementines, satsumas, grapefruits, plus, dates, figs, limes, lemons, melons, mangos, pears, olives or
grapes. Optionally, the plant is a dicotyledon. Optionally, the plant is a flowering plant. Optionally,

the plant is a monocotyledon.
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In any configuration, embodiment or example herein, the target bacteria are P syringae bacteria (eg,

comprised by a plant). Pseudomonas syringae pv. syringae is a common plant-associated bacterium

that causes diseases of both monocot and dicot plants worldwide. In an example the target bacteria

arc P syringae bacteria of a pathovar selected from P. s. pv. aceris, P. s. pv. aptata, P.

5. pv. atrofaciens, P. s. pv. dysoxylis, P. s. pv. japonica, P. s. pv. lapsa, P. s. pv. panici, P.

s. pv. papulans, P. s. pv. pisi, P. 5. pv. syringae and P. s. pv. morsprunorum.

[ ]
v v ¥ wO®OWOT W WW T
U

S. pv.
S pv.
S. pv.
S pv.
S. pv.

s. pv.

. pv.

s. pv. panici attacks Panicum grass species.

s. pv.

aceris attacks maple Acer species.

actinidiae attacks kiwifruit Actinidia deliciosa.

aesculi attacks horse chestnut Aesculus hippocastanum, causing bleeding canker.
aptata attacks beets Beta vulgaris.

atrofaciens attacks wheat Triticum aestivum.

dysoxylis attacks the kohekohe tree Dysoxylum spectabile.

s. pv. japonica attacks barley Hordeum vulgare.

lapsa attacks wheat Triticum aestivum.

s. pv. papulans attacks crabapple Malus sylvestris species.
s. pv. phaseolicola causes halo blight of beans.

s. pv. pisi attacks peas Pisum sativum.

syringae attacks Syringa, Prunus, and Phaseolus species.

s. pv. glycinea attacks soybean, causing bacterial blight of soybean.

In an example, the target bacteria are P syringae selected from a serovar recited in a bullet point in the

immediately preceding paragraph and the bacteria are comprised by a plant also mentioned in that

bullet point.

In an example, the weight (ie, biomass) is dry weight. For example, the method is for increasing dry

weight (eg, within 1 or 2 weeks of said administration). Optionally, the increase is an increase of at

least 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20% compared to a control plant of the same specics

or strain to which the administration if carrier cells has not taken place, wherein all plants are kept

under the same environmental conditions. For example, such an increase is within 1,2, 3, 4,5, 6, or 8

weeks following the first administration of the carrier cells. In an example, the method is for

increasing the dry weight of a leaf and/or fruit of the plant, such as a tomato plant.

In an example, the weight is wet weight. For example, the method is for increasing wet weight (eg,

within 1 or 2 weeks of said administration). Optionally, the increase is an increase of at least 5, 10,
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11,12, 13, 14, 15, 16, 17, 18, 19 or 20% compared to a control plant of the same species or strain to
which the administration if carrier cells has not taken place, wherein all plants are kept under the same
environmental conditions. For example, such an increase is within 1, 2, 3, 4, 5, 6, or 8 weeks
following the first administration of the carrier cells. In an example, the method is for increasing the

dry weight of a leaf and/or fruit of the plant, such as a tomato plant.

For example, the microbiota is comprised by a leaf, trunk, root or stem of the plant.

The target bacteria (or target cell) may be comprised by a microbiota of a plant. In an example, the
microbiota is comprised by a leaf. In an example, the microbiota is comprised by a xylem. In an
example, the microbiota is comprised by a phloem. In an example, the microbiota is comprised by a
root. In an example, the microbiota is comprised by a tuber. In an example, the microbiota is
comprised by a bulb. In an example, the microbiota is comprised by a seed. In an example, the
microbiota is comprised by an exocarp, epicarp, mesocarp or endocarp. In an example, the microbiota
is comprised by a fruit, eg, a simple fruits; aggregate fruits; or multiple fruits. In an example, the
microbiota is comprised by a seed or embryo, eg, by a seed coat; a seed leaf; cotyledons; or a radicle.
In an example, the microbiota is comprised by a flower, eg, comprised by a peduncle; sepal: petals;
stamen; filament; anther or pistil. In an example, the microbiota is comprised by a root; eg, a tap root
system, or a fibrous root system. In an example, the microbiota is comprised by a leaf or leaves, eg,
comprised by a leaf blade, petiole or stipule. In an example, the microbiota is comprised by a stem,

eg, comprised by bark, epidermis, phloem, cambium, xylem or pith.

In an example “reducing a biofilm” comprises reducing the coverage area of the biofilm. In an
example “reducing a biofilm” comprises reducing the proliferation of the biofilm. In an example
“reducing a biofilm” comprises reducing the durability of the biofilm. In an example “reducing a
biofilm” comprises reducing the spread of the biofilm (eg, in or on the subject, eg, spread to the

environment containing the subject). The subject may be a human or animal.

For example, the biofilm is comprised by a lung of the subject, eg, wherein the target cells are
Pseudomonas (eg, P aeruginosa) cells. This may be useful wherein the subject is a human suffering
from a lung disease or condition, such as pneumonia or cystic fibrosis.

For example, the biofilm is comprised by an animal or human organ disclosed herein. For example,

the biofilm is comprised by a microbiota of a human or animal disclosed herein.

Optionally, said surface is a surface ex vivo, such as a surface comprised by a domestic or industrial

apparatus or container.
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Optionally, the target cells are comprised by a biofilm, eg, a biofilm as disclosed herein.

Optionally, the target bacteria are Salmonella, Pseudomonas, Escherichia, Klebsiella, Campylobacter,
Helicobacter, Acinetobacter, Enterobacteriacea, Clostridium, Staphylococcus or Streptococcus
bacteria. For example, the target bacteria are Salmonella enterica bacteria. For example, the target
bacteria are selected from the group consisting of Salmonella enterica subsp. enterica, serovars

Typhimurium, Enteritidis, Virchow, Montevideo, Hadar and Binza.

Optionally, the target bacteria are E coli bacteria. For example, the target bacteria are
enterohemorrhagic E. coli (EHEC), E. coli Serotype O157:H7 or Shiga-toxin producing E. coli
(STEC)). In an example, the taraget bacteria are selected from
e Shiga toxin-producing E. coli (STEC) (STEC may also be referred to as Verocytotoxin-
producing E. coli (VTEC);
¢ Enterohemorrhagic E. coli (EHEC) (this pathotype is the one most commonly heard about in
the news in association with foodborne outbreaks);
e Enterotoxigenic E. coli (ETEC);
¢ Enteropathogenic E. coli (EPEC);
¢ Enteroaggregative E. coli (EAEC);
e Enteroinvasive E. coli (EIEC); and
e Diffusely adherent E. coli (DAEC).

Enterohemorrhagic Escherichia coli (EHEC) serotype O157:H7 is a human pathogen responsible for
outbreaks of bloody diarrhoea and haecmolytic uremic syndrome (HUS) worldwide. Conventional
antimicrobials trigger an SOS response in EHEC that promotes the release of the potent Shiga toxin
that is responsible for much of the morbidity and mortality associated with EHEC infection. Cattle are
a natural reservoir of EHEC, and approximately 75% of EHEC outbreaks are linked to the
consumption of contaminated bovine-derived products. EHEC causes disease in humans but is
asymptomatic in adult ruminants. Characteristics of E. coli serotype 0157:H7 (EHEC) infection
includes abdominal cramps and bloody diarrhoea, as well as the life-threatening complication
haemolytic uremic syndrome (HUS). Currently there is a need for a treatment for EHEC infections
(Goldwater and Bettelheim, 2012). The use of conventional antibiotics exacerbates Shiga toxin-
mediated cytotoxicity. In an epidemiology study conducted by the Centers for Disease Control and
Prevention, patients treated with antibiotics for EHEC enteritis had a higher risk of developing HUS
(Slutsker et al., 1998). Additional studies support the contraindication of antibiotics in EHEC
infection; children on antibiotic therapy for hemorrhagic colitis associated with EHEC had an
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increased chance of developing HUS (Wong et al., 2000; Zimmerhackl, 2000; Safdar et al., 2002;
Tarr et al., 2005). Conventional antibiotics promote Shiga toxin production by enhancing the
replication and expression of stx genes that are encoded within a chromosomally integrated lambdoid
prophage genome. The approach of some configurations of present invention rely on nuclease
cutting. Stx induction also promotes phage-mediated lysis of the EHEC cell envelope, allowing for
the release and dissemination of Shiga toxin into the environment (Karch et al., 1999; Matsushiro et
al., 1999; Wagner et al., 2002). Thus, advantageously, these configurations of the invention provide
alternative means for treating EHEC in human and animal subjects. This is exemplified below with
surprising results on the speed and duration of anti-EHEC action produced by nuclease action (as

opposed to conventional antibiotic action).

In an example, the subject (eg, a human or animal) is suffering from or at risk of haecmolytic uremic
syndrome (HUS), eg, the subject is suffering from an E coli infection, such as an EHEC E coli

infection.

There is provided:-

A pharmaceutical composition, livestock growth promoting composition, soil improver, herbicide,
plant fertilizer, food or food ingredient sterilizing composition, dental composition, personal hygiene
composition or disinfectant composition (eg, for domestic or industrial use) comprising a plurality of

the carrier cells.

Herein, a carrier cell is, eg, a probiotic cell for administration to a human or animal subject. For
example, the carrier cell is commensal in a microbiome (eg, gut or blood microbiome) of a human or
animal subject, wherein the carrier is for administration to the subject. In an example, a carrier cell is
a bacterial cell (and optionally the target cell is a bacterial cell). In an example, a carrier cell is an

archaeal cell (and optionally the target cell is an archaeal cell)

Optionally, the carrier cell is a gram-positive bacterial cell and the target cell is a gram-positive

bacterial cell.

Optionally, the carrier cell is a gram-positive bacterial cell and the target cell is a gram-negative

bacterial cell.

Optionally, the carrier cell is a gram-negative bacterial cell and the target cell is a gram-positive

bacterial cell.
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Optionally, the carrier cell is a gram-negative bacterial cell and the target cell is a gram-negative

bacterial cell.

Optionally, the carrier cell is a Bacillus bacterial cell and the target cell is a gram-positive bacterial

cell.

Optionally, the carrier cell is a Bacillus bacterial cell and the target cell is a gram-negative bacterial

cell.

Optionally, the carrier cell is a Bacillus bacterial cell and the target cell is a Salmonella bacterial cell.

Optionally, the carrier cell is a Bacillus bacterial cell and the target cell is an E coli bacterial cell.

Optionally, the carrier cell is an E coli bacterial cell and the target cell is a Pseudomonas bacterial

cell.

Optionally, the carrier cell is an E coli bacterial cell and the target cell is a gram-positive bacterial

cell.

Optionally, the carrier cell is an E coli bacterial cell and the target cell is a gram-netative bacterial

cell.

Optionally, the carrier cell is an E coli bacterial cell and the target cell is a Salmonella bacterial cell.

Optionally, the carrier cell is an E coli bacterial cell and the target cell is an E coli bacterial cell.

Optionally, the carrier cell is an E coli bacterial cell and the target cell is a Pseudomonas bacterial

cell.

A Bacillus cell herein is optionally a B subtilis cell.

Optionally, the carrier cell is a probiotic or commensal E coli bacterial cell for administration to a
human or animal subject. Optionally, the carrier cell is a probiotic or commensal Bacillus bacterial

cell for administration to a human or animal subject.

Herein, optionally the plasmid is a closed circular DNA.
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In an embodiment, the plasmid DNA is dsDNA. In an embodiment, the plasmid DNA is ssDNA.

Optionally, the target cell is a Salmonella cell (eg, wherein the carrier cell is an E coli cell), eg, a
Salmonella enterica subsp. enterica, eg, a Salmonella enterica subsp. enterica serovar Typhimurium,

Enteritidis, Virchow, Montevideo, Hadar or Binza.

For example, the target bacteria are selected from the group consisting of S enterica; S typhimurium;
P aeruginosa; E coli; K pneumoniae; C jujeni; H pylori; A baumanii; C difficile; S aureus; S

pyogenes or S thermophilus.

In an example, the target cell is a cell of a species that causes nosocomial infection in humans.

Optionally, the target cell is comprised by an animal (eg, poultry animal (such as chicken), swine,
cow, fish (eg, catfish or salmon) or shellfish (eg, prawn or lobster)) microbiome. Optionally, the
microbiome is a gut microbiome. For example, the target cell is a Salmonella cell comprised by a
chicken gut biofilm. For example, the target cell is a Salmonella cell comprised by a chicken gut

biofilm sample ex vivo.

In an embodiment, each plasmid comprises a bacterial oriV and/or an oriT. In an embodiment, each

plasmid comprises and oriV and/or an oriT.

In an embodiment, the plasmid comprises an oriV and does not encode any replication protein (eg, pir

or #rfA) that is operable with the oriV to initiate replication of the plasmid.

In an example, the invention relates to a composition comprising a pluralty of carrier cells of the
invention. Optionally, all of the carrier cells comprise identical said plasmids. Optionally, the
plurality comprises a first sub-population of carrier cells (first cells) and a second sub-population of
carrier cells (second cells) wherein the first cells comprise indentical first said plasmids and the
second cells comprise indentical second said plasmids (which are different from the first plasmids of
the first cells). For example, the first plasmids encode a first guide RNA or crRNA and the second
plasmids encode a second guide RNA or ctRNA | wherein the first guide RNA/crRNA is capable of
hybridizing to a first protospacer sequence in first target cells; and the second guide RNA/crRNA is
capable of hybridizing to a second protospacer sequence in second target cells, wherein the
protospacers are different. Optionally, the first target cells are different from the second target cells.

Optionally, the first target cells are of the same species or strain as the second target cells.
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Alternatively, the first target cells are of species or strain that is different from the species or strain of
the second target cells (in this way a cocktail of carrier cells is provided, eg, for administration to a

human or animal or plant, to target and kill a plurality of target cells of different species or strains).

Optionally, the composition is comprised by a liquid (eg, an aqueous liquid or in water), the
composition comprising the carrier cells at an amount of from 1 x 10°to 1 x 10 (eg, from 1 x 10*to 1

x 10'; from 1 x 10%to 1 x 10°; from 1 x 10*to 1 x 10%; from 1x 10*to 1 x 107; from 1 x 10°to 1 x

10'; from 1 x 10°to 1 x 10°; from 1 x 10°to 1 x 10%; from 1 x 10°to 1 x 107; from 1 x 10°to 1 x 10';

from 1 x 10°to 1 x 10%; from 1 x 10°to 1 x 10% from 1 x 10°to 1 x 107; from 1 x 10°to 1 x 10" ; from
1x 10%0 1x 10°; from 1 x 10°to 1 x 10%; or from 1 x 10°to 1 x 107) cfu/ml. For example, the liquid
is a beverage, such for human or animal consumption. For example, the beverage is a livestock

beverage, eg, a poultry beverage (ie, a beverage for consumption by poultry, such as chicken).

In an example, the composition is a dictary (eg, dictary supplement) composition for consumption by
humans or animals. In an example, the composition is a slimming composition for consumption by
humans or animals. In an example, the composition is a growth promotion composition for
consumption by humans or animals. In an example, the composition is a body buidling composition
for consumption by humans. In an example, the composition is a probiotic composition for
consumption by humans or animals. In an example, the composition is a biocidal composition for
consumption by humans or animals. In an example, the composition is a pesticidal composition for
consumption by humans or animals. In an example, the composition is a zoonosis control

composition for consumption by animals.

In an example, the composition comprises vitamins in addition to the carrier cells. In an example, the
composition comprises vitamin A, B (eg, B12), C, D, E and/or K in addition to the carrier cells. In an
example, the composition comprises lipids in addition to the carrier cells. In an example, the
composition comprises carbohydrates in addition to the carrier cells. In an example, the composition
comprises proteins and/or amino acids in addition to the carrier cells. In an example, the composition
comprises minerals in addition to the carrier cells. In an example, the composition comprises metal
ions (eg, Mg?*, Cu®" and/or Zn>") in addition to the carrier cells. In an example, the composition
comprises sodium ions, potassium ions, magnesium ions, calcium ions, manganese ions, iron

ions, cobalt ions, copper ions, zinc ions and/or molybdenum ions.

In an example, the composition is a plant fertilizer composition. In an example, the composition is a

herbicide. In an example, the composition is a pesticide composition for application to plants.
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In any embodiment or example, where appropriate: The plants are, for example, crop plants. The
plants are, for example, wheat. The plants are, for example, corn. The plants are, for example, maize.
The plants are, for example, fruiting plants. The plants are, for example, vegetable plants. The plants
are, for example, tomato plants. The plants are, for example, potato plants. The plants are, for
example, grass plants. The plants are, for example, flowering plants. The plants are, for example,

trees. The plants are, for example, shrubs.

In an example, the composition is for environmental application, wherein the environment is an

outdoors environment (eg, application to a field or waterway or reservoir).

In an example, the composition is comprised by a food or food ingredient (eg, for human or animal
consumption). In an example, the composition is comprised by a beverage or beverage ingredient (eg,

for human or animal consumption).

In an example the target cell(s) are human biofilm cells, eg, wherein the biofilm is a gut, skin, lung,
eye, nose, ear, gastrointestinal tract (GI tract), stomach, hair, kidney, urethra, bronchiole, oral cavity,
mouth, liver, heart, anus, rectum, bladder, bowel, intestine, penis, vagina or scrotum biofilm. In an
example the target cell(s) are animal biofilm cells, eg, wherein the biofilm is a gut, skin, lung, eye,
nose, ear, gastrointestinal tract (GI tract), caccum, jejunum, ileum, colon, stomach, hair, feather,
scales, kidney, urethra, bronchiole, oral cavity, mouth, liver, spleen, heart, anus, rectum, bladder,
bowel, intestine, penis, vagina or scrotum biofilm. For example, the biofilm is a bird (eg, chicken)
caccum biofilm. For example, the biofilm is a bird (eg, chicken) gastrointestinal tract (GI tract),

caecum, jejunum, ileum, colon or stomach biofilm.

In an example, any method herein is ex vivo. In an example, a method herein is in vivo. In an
example, a method herein is in vitro. In an example, a method herein is carried out in an environment,
eg, in a domestic (such as in a house), industrial (such as in a factory) or agricultural environment

(such as in a field). In an example, a method herein is carried out in or on a container; or on a surface.

In an example each plasmid comprises one or more components of a CRISPR/Cas system operable to
perform protospacer cutting in the target cell (eg, wherein the protospacer comprises 10-20, 10-30,
10-40, 10-100, 12-15 or 12-20 consecutive nucleotides that are capable of hybridizing in the target
cell with a crRNA or gRNA encoded by the NSI). For example, the system is a Type L, 1L, III, IV or
V CRISPR/Cas system.

53



10

15

20

25

30

35

WO 2022/096703 PCT/EP2021/080876

In an example, the or each plasmid encodes a Cas9 (and optionally a second, different, Cas, such as a
Cas3, Cas9, Cpfl, Casl3a, Cas13b or Cas10); and/or a Cas3 (and optionally a second, different, Cas,
such as a Cas3, Cas9, Cpfl, Casl3a, Cas13b or Cas10). In an example, the or each plasmid encodes a
Cas selected from a Cas3, Cas9, Cpfl, Cas13a, Cas13b and Cas10. Additionally or alternatively, the
plasmid encodes a guide RNA or crRNA or tractrRNA. For example, the guide RNA or crRNA or
tracrRNA is cognate to (ie, operable with in the target cell) the first Cas.

In an example, a Cas herein is a Cas9. In an example, a Cas herein is a Cas3. The Cas may be

identical to a Cas encoded by the target bacteria.

In an embodiment, each plasmid is a shuttle vector.

Optionally, the target cell is devoid of a functional endogenous CRISPR/Cas system before transfer
therein of the plasmid, eg, wherein the plasmid comprises a component of an exogenous CRISPR/Cas
system that is functional in the target cell and toxic to the target cell. An embodiment provides an
antibacterial composition comprising a plurality of carrier cells of the invention, wherein each target
cell is optionally according to this paragraph, for administration to a human or animal subject for

medical use.

In an example, the composition of the invention is a herbicide, pesticide, insecticide, plant fertilizer or

cleaning agent.

Optionally, target bacteria herein are comprised by a microbiome of the subject, eg, a gut microbiome.
Altertnatively, the microbiome is a skin, scalp, hair, eye, ear, oral, throat, lung, blood, rectal, anal,

vaginal, scrotal, penile, nasal or tongue microbiome.

In an example the subject (eg, human or animal) is further administered a medicament simultaneously
or sequentially with the carrier cell administration. In an example, the medicament is an antibiotic,
antibody, immune checkpoint inhibitor (eg, an anti-PD-1, anti-PD-L1 or anti-CTLA4 antibody),
adoptive cell therapy (eg, CAR-T therapy) or a vaccine.

In an embodiment, the plasmid encodes a guided nuclease, such as a Cas nuclease, TALEN, zinc
finger nuclease or meganuclease. Thus, the toxic agent may comprise a guided nuclease, such as a
Cas nuclease, TALEN, zinc finger nuclease or meganuclease. Optionally, the plasmid encodes a

restriction nuclease that is capable of cutting the chromosome of the target cell.
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Optionally, the composition is a pharmaceutical composition for use in medicine practised on a

human or animal subject.

In an example, the animal is a livestock or companion pet animal (¢g, a cow, pig, goat, sheep, horse,
dog, cat or rabbit). In an example, the animal is an insect (an insect at any stage of its lifecycle, eg,
egg, larva or pupa). In an example, the animal is a protozoan. In an example, the animal is a

cephalopod.

Optionally, the composition is a herbicide, pesticide, food or beverage processing agent, food or
beverage additive, petrochemical or fuel processing agent, water purifying agent, cosmetic additive,

detergent additive or environmental (eg, soil) additive or cleaning agent.

For example the carrier bacteria are Lactobacillus (eg, L reuteri or L lactis), E coli, Bacillus or
Streptococcus (eg, S thermophilus) bacteria. Usefully, the carrier can provide protection for the
plasmid from the surrounding environment. The use of a carrier may be useful for oral administration
or other routes where the carrier can provide protection for the plasmid from the acid stomach or other
harsh environments in the subject. Furthermore, the carrier can be formulated into a beverage, for
example, a probiotic drink, eg, an adapted Yakult (trademark), Actimel (trademark), Kevita

(trademark), Activia (trademark), Jarrow (trademark) or similar drink for human consumption.

Optionally, the carrier cell(s) or composition are for administration to a human or animal subject for
medical use, comprising killing target bacteria using the agent or expression product of the plasmid,
wherein the target bacteria mediate as disease or condition in the subject. In an example, when the

subject is a human, the subject is not an embryo. In an example, the carrier cells are probiotic in the

subject.

Optionally, the environment is a microbiome of soil; a plant, part of a part (e.g., a leaf, fruit, vegetable
or flower) or plant product (e.g., pulp); water; a waterway; a fluid; a foodstuff or ingredient thereof; a
beverage or ingredient thereof, a medical device; a cosmetic; a detergent; blood; a bodily fluid; a

medical apparatus; an industrial apparatus; an oil rig; a petrochemical processing, storage or transport

apparatus; a vehicle or a container.
Optionally, the environment is an ex vivo bodily fluid (e.g., urine, blood, blood product, sweat, tears,

sputum or spit), bodily solid (e.g., facces) or tissue of a human or animal subject that has been

administered the composition.
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Optionally, the environment is an in vivo bodily fluid (e.g., urine, blood, blood product, sweat, tears,
sputum or spit), bodily solid (¢.g., facces) or tissue of a human or animal subject that has been

administered the composition.

In an embodiment, the plasmid is a phagemid or cloning vector (eg, a shuttle vector, eg, a pUC

vector).

Optionally, the antibacterial agent comprises one or more components of a CRISPR/Cas system, eg, a

DNA sequence encoding one or more components of Type I Cascade (eg, CasA).

Optionally, the agent comprises a DNA sequence encoding guided nuclease, such as a Cas nuclease,

TALEN, zinc finger nuclease or meganuclease.

In an example, the carrier cell(s) or composition are comprised by a medical container, eg, a syringe,
vial, IV bag, inhaler, eye dropper or nebulizer. In an example, the carrier cell(s) or composition are
comprised by a sterile container. In an example, the carrier cell(s) or composition are comprised by a
medically-compatible container. In an example, the carrier cell(s) or composition are comprised by a
fermentation vessel, eg, a metal, glass or plastic vessel. In an example, the carrier cell(s) or
composition are comprised by an agricultural apparatus. In an example, the carrier cell(s) or
composition are comprised by food production or processing apparatus. In an example, the carrier
cell(s) or composition are comprised by a horticultural apparatus. In an example, the carrier cell(s) or
composition are comprised by a farming apparatus. In an example, the carrier cell(s) or composition
are comprised by petrochemicals recovery or processing apparatus. In an example, the carrier cell(s)
or composition are comprised by a distillation apparatus. In an example, the carrier cell(s) or
composition are comprised by cell culture vessel (eg, having a capacity of at least 50, 100, 1000,
10000 or 100000 litres). Additionally or alternatively, the target cell(s) are comprised by any of these

apparatus etc.

In an example, the carrier cell(s) or composition are comprised by a medicament, ¢,g in combination
with instructions or a packaging label with directions to administer the medicament by oral, IV,
subcutaneous, intranasal, intraocular, vaginal, topical, rectal or inhaled administration to a human or
animal subject. In an example, the carrier cell(s) or composition are comprised by an oral
medicament formulation. In an example, the carrier cell(s) or composition are comprised by an
intranasal or ocular medicament formulation. In an example, the carrier cell(s) or composition are
comprised by a personal hygiene composition (eg, shampoo, soap or deodorant) or cosmetic

formulation. In an example, th the carrier cell(s) or composition are comprised by a detergent
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formulation. In an example, the carrier cell(s) or composition are comprised by a cleaning
formulation, eg, for cleaning a medical or industrial device or apparatatus. In an example, the carrier
cell(s) or composition are comprised by foodstuff, foodstuff ingredient or foodstuff processing agent.
In an example, the carrier cell(s) or composition are comprised by beverage, beverage ingredient or
beverage processing agent. In an example, the carrier cell(s) or composition are comprised by a
medical bandage, fabric, plaster or swab. In an example, the carrier cell(s) or composition are
comprised by a herbicide or pesticide. In an example, the carrier cell(s) or composition are comprised

by an insecticide.

In an example, the CRISPR/Cas component(s) are component(s) of a Type I CRISPR/Cas system. In
an example, the CRISPR/Cas component(s) are component(s) of a Type Il CRISPR/Cas system. In an
example, the CRISPR/Cas component(s) are component(s) of a Type III CRISPR/Cas system. In an
example, the CRISPR/Cas component(s) are component(s) of a Type IV CRISPR/Cas system. In an
example, the CRISPR/Cas component(s) are component(s) of a Type V CRISPR/Cas system. In an
example, the CRISPR/Cas component(s) comprise a Cas9-encoding nucleotide sequence (eg, S
pyogenes Cas9, S aureus Cas9 or S thermophilus Cas9). In an example, the CRISPR/Cas
component(s) comprise a Cas3-encoding nucleotide sequence (eg, E coli Cas3, C dificile Cas3 or
Salmonella Cas3). In an example, the CRISPR/Cas component(s) comprise a Cpf-encoding
nucleotide sequence. In an example, the CRISPR/Cas component(s) comprise a CasX-encoding
nucleotide sequence. In an example, the CRISPR/Cas component(s) comprise a CasY -encoding

nucleotide sequence.

In an example, each carrier cell encodes a CRISPR/Cas component from a nucleotide sequence (NSI)

comprising a promoter that is operable in the target bacteria.

Optionally, target bacteria are gram negative bacteria (eg, a spirilla or vibrio). Optionally, target
bacteria are gram positive bacteria. Optionally, target bacteria are mycoplasma, chlamydiae,
spirochete or mycobacterium bacteria. Optionally, target bacteria are Streptococcus (eg, pyogenes or
thermophilus). Optionally, target bacteria are Staphylococcus (eg, aureus, eg, MRSA). Optionally,
target bacteria are E. coli (eg, O157: H7), eg, wherein the Cas is encoded by the vecor or an
endogenous target cell Cas nuclease (eg, Cas3) activity is de-repressed. Optionally, target bacteria are
Pseudomonas (eg, syringae or aeruginosa). Optionally, target bacteria are Vibro (eg, cholerae (eg,
0139) or vulnificus). Optionally, target bacteria are Neisseria (eg, gonnorrhoeae or meningitidis).
Optionally, target bacteria are Bordetella (eg, pertussis). Optionally, target bacteria are Haemophilus
(eg, influenzae). Optionally, target bacteria are Shigella (eg, dysenteriae). Optionally, target bacteria

are Brucella (eg, abortus). Optionally, target bacteria are Francisella host. Optionally, target bacteria
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are Xanthomonas. Optionally, target bacteria are Agrobacterium. Optionally, target bacteria are
Erwinia. Optionally, target bacteria are Legionella (eg, pneumophila). Optionally, target bacteria are
Listeria (eg, monocytogenes). Optionally, target bacteria are Campylobacter (eg, jejuni). Optionally,
target bacteria are Yersinia (cg, pestis). Optionally, target bacteria are Borelia (¢g, burgdorferi).
Optionally, target bacteria are Helicobacter (eg, pylori). Optionally, target bacteria are Clostridium
(eg, dificile or botulinum). Optionally, target bacteria are Erlichia (eg, chaffeensis). Optionally,
target bacteria are Salmonella (eg, typhi or enterica, eg, serotype typhimurium, eg, DT 104).
Optionally, target bacteria are Chlamydia (eg, pneumoniae). Optionally, target bacteria are
Parachlamydia host. Optionally, target bacteria are Corynebacterium (eg, amycolatun). Optionally,
target bacteria are Klebsiella (eg, pneumoniae). Optionally, target bacteria are Enterococcus (eg,
faecalis or faecim, eg, linezolid-resistant). Optionally, target bacteria are Acinetobacter (eg,

baumannii, eg, multiple drug resistant).

Further examples of target cells are as follows:-

L. Optionally the target bacteria are Staphylococcus aureus cells, eg, resistant to an antibiotic
selected from methicillin, vancomycin, linezolid, daptomycin, quinupristin, dalfopristin and
teicoplanin.

2. Optionally the target bacteria are Pseudomonas aeuroginosa cells, eg, resistant to an
antibiotic selected from cephalosporins (eg, ceftazidime), carbapenems (eg, imipenem or

meropenem), fluoroquinolones, aminoglycosides (eg, gentamicin or tobramycin) and colistin.

3. Optionally the target bacteria are Kiebsiella (eg, pneumoniae) cells, eg, resistant to
carbapenem.
4. Optionally the target bacteria are Streptoccocus (eg, thermophilus, pneumoniae or pyogenes)

cells, eg, resistant to an antibiotic selected from erythromycin, clindamycin, beta-lactam, macrolide,
amoxicillin, azithromycin and penicillin.

5. Optionally the target bacteria are Salmonella (eg, serotype Typhi) cells, eg, resistant to an
antibiotic selected from ceftriaxone, azithromycin and ciprofloxacin.

6. Optionally the target bacteria are Shigella cells, eg, resistant to an antibiotic selected from
ciprofloxacin and azithromycin.

7. Optionally the target bacteria are Mycobacterium tuberculosis cells, eg, resistant to an
antibiotic selected from Resistance to isoniazid (INH), rifampicin (RMP), fluoroquinolone, amikacin,
kanamycin and capreomycin and azithromycin.

8. Optionally the target bacteria are Enterococcus cells, eg, resistant to vancomycin.

9. Optionally the target bacteria are Enterobacteriaceae cells, eg, resistant to an antibiotic

selected from a cephalosporin and carbapenem.
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10. Optionally the target bacteria are E. coli cells, eg, resistant to an antibiotic selected from
trimethoprim, itrofurantoin, cefalexin and amoxicillin.

11. Optionally the target bacteria are Clostridium (eg, dificile) cells, eg, resistant to an antibiotic
selected from fluoroquinolone antibiotic and carbapenem.

12. Optionally the target bacteria are Neisseria gonnorrhoea cells, eg, resistant to an antibiotic
selected from cefixime (eg, an oral cephalosporin), ceftriaxone (an injectable cephalosporin),
azithromycin and tetracycline.

13. Optionally the target bacteria are Acinetoebacter baumannii cells, eg, resistant to an antibiotic
selected from beta-lactam, meropenem and a carbapenem.

14. Optionally the target bacteria are Campylobacter (eg, jejuni) cells, eg, resistant to an
antibiotic selected from ciprofloxacin and azithromycin.

15. Optionally, the target cell(s) produce Beta (B)-lactamase (eg, ESBL-producing E. coli or
ESBL-producing Klebsiella).

16. Optionally, the target cell(s) are bacterial cells that are resistant to an antibiotic recited in any

one of examples 1 to 14.

In an example, the target cell(s) is a cell of a species selected from Shigella, E coli, Salmonella,
Serratia, Klebsiella, Yersinia, Pseudomonas and Enterobacter.

Optionally, the composition comprises carrier cells that are each or in combination capable of
conjugative transfer of first DNAs into target cells of species selected from two or more of Shigella, E

coli, Salmonella, Serratia, Klebsiella, Yersinia, Pseudomonas and Enterobacter.

In an example, the reduction in growth or proliferation of target cells is at least 50, 60, 70, 80, 90 or
95%. Optionally, the composition or carrier cell(s) are administered simultaneously or sequentially
with an an antibiotic that is toxic to the target cells. For example, the antibiotic can be any antibiotic

disclosed herein.

Optioanlly, the expression of the agent is under the control of an inducible promoter that is operable
in the target cell. Optioanlly, the expression of the agent is under the control of a constitutive

promoterthat is operable in the target cell.

In embodiments, the plasmid contains a screenable or selectable marker gene. For example, the

selectable marker gene is an antibiotic resistance gene.

The carrier bacteria can be bacteria of a species or genus as follows. For example, the species is

found in warm-blooded animals (eg, livestock vertebrates). For example, the species is found in
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humans. For example, the species is found in plants. Preferably, non-pathogenic bacteria that
colonize the non-sterile parts of the human or animal body (e.g., skin, digestive tract, urogenital
region, mouth, nasal passages, throat and upper airway, ears and eyes) are utilized as carrier cells, and
in an example the methodology of the invention is used to combat a target cell bacterial infection of
such a part of the body of a human or animal. In another embodiment, the infection is systemic
infection. Examples of particularly preferred carrier bacterial species include, but are not limited to:
non-pathogenic strains of Escherichia coli (E. coli F18, S17 and E. coli strain Nissle), various species
of Lactobacillus (such as L. casei, L. plantarum, L. paracasei, L. acidophilus, L. fermentum, L. zeae
and L. gasseri), or other nonpathogenic or probiotic skin- or GI colonizing bacteria such as
Lactococcus, Bifidobacteria, Eubacteria, and bacterial mini-cells, which are anucleoid cells destined
to die but still capable of transferring plasmids (see; e.g., Adler et al., Proc. Natl. Acad. Sci. USA 57;
321-326, 1970; Frazer and Curtiss III, Current Topics in Microbiology and Immunology 69: 1-84,
1975; U.S. Patent No. 4,968,619 to Curtiss III). In some embodiments, the target recipient cells are
pathogenic bacteria comprised by a human, animal or plant, eg, on the skin or in the digestive tract,
urogenital region, mouth, nasal passage, throat and upper airway, eye(s) and ear(s). Of particular
interest for targeting and eradication are pathogenic strains of Pseudomonas aeruginosa, Escherichia
coli, Staphylococcus pneumoniae and other species, Enterobacter spp., Enterococcus spp. and

Mycobacterium tuberculosis.

The present invention finds use with a wide array of settings or environments, eg, in therapeutic,
agricultural, or other settings, including, but not limited to, those described in U.S. patents 6,271,359,
6,261,842, 6,221,582, 6,153,381, 6,106,854, and 5,627,275. Others are also discussed herein, and still
others will be readily apparent to those of skill in the art.

A single carrier bacterial strain might harbor more than one type of such plasmid (eg, differing in the
antibacterial agent that they encode). Further, in another example two or more different carrier
bacterial strains, each containing one or more such plasmids, may be combined for a multi-target
effect, ie, for killing two or more different target species or strains, or for killing the cells of the same

species or strain of target cell.

The present invention finds utility for treatment of humans and in a variety of veterinary, agronomic,
horticultural and food processing applications. For human and veterinary use, and depending on the
cell population or tissue targeted for protection, the following modes of administration of the carrier
bacteria of the invention are contemplated: topical, oral, nasal, ocular, aural, pulmonary (e.g., via an
inhaler), ophthalmic, rectal, urogenital, subcutaneous, intraperitoneal and intravenous. The bacteria

may be supplied as a pharmaceutical composition, in a delivery vehicle suitable for the mode of
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administration selected for the patient being treated. The term "patient” or "subject” as used here may
refer to humans or animals (animals being particularly useful as models for clinical efficacy of a
particular donor strain, for example, or being farmed or livestock animals). Commercially-relevant
animals are chicken, turkey, duck, catfish, salmon, cod, herring, lobster, shrimp, prawns, cows, sheep,

goats, pigs, goats, geese or rabbits.

For example, to deliver the carrier bacteria to the gastrointestinal tract or to the nasal passages, the
preferred mode of administration may be by oral ingestion or nasal acrosol, or by feeding (alone or
incorporated into the subject's feed or food and/or beverage, such as drinking water). In this regard,
the carrier cells may be comprised by a food of livestock (or farmed or companion animal), eg, the
carrier bacteria are comprised by a feed additive for livestock. Alternatively, the additive is a
beverage (eg, water) additive for livestock. It should be noted that probiotic bacteria, such as
Lactobacillus acidophilus, are sold as gel capsules containing a lyophilized mixture of bacterial cells
and a solid support such as mannitol. When the gel capsule is ingested with liquid, the Iyophilized
cells are re-hydrated and become viable, colonogenic bacteria. Thus, in a similar fashion, carrier
bacterial cells of the present invention can be supplied as a powdered, lyophilized preparation in a gel
capsule, or in bulk, eg, for sprinkling onto food or beverages. The re-hydrated, viable bacterial cells
will then populate and/or colomze sites throughout the upper and/or lower gastrointestinal system, and

thereafter come into contact with the target bacteria.

For topical applications, the carrier bacteria may be formulated as an ointment or cream to be spread
on the affected skin surface. Ointment or cream formulations are also suitable for rectal or vaginal
delivery, along with other standard formulations, such as suppositorics. The appropriate formulations
for topical, vaginal or rectal administration are well known to medicinal chemists.

The present invention will be of particular utility for topical or mucosal administrations to treat a
variety of bacterial infections or bacterially related undesirable conditions. Some representative
examples of these uses include treatment of (1) conjunctivitis, caused by Haemophilus sp., and
corneal ulcers, caused by Pseudomonas aeruginosa; (2) otititis externa, caused by Pseudomonas
aeruginosa; (3) chronic sinusitis, caused by many Gram-positive cocci and Gram-negative rods, or for
general decontamination of bronchii; (4) cystic fibrosis, associated with Pseudomonas aeruginosa; (5)
enteritis, caused by Helicobacter pylori (eg, to treat or prevent gastric ulcers), Escherichia coli,
Salmonella typhimurium, Campylobacter or Shigella sp. ; (6) open wounds, such as surgical or non-
surgical, eg, as a prophylactic measure; (7) burns to eliminate Pseudomonas aeruginosa or other
Gram-negative pathogens; (8) acne, eg, caused by Propionobacter acnes; (9) nose or skin infection,
eg, caused by metlncillin resistant Staphylococcus aureus (MSRA); (10) body odor, eg, caused by

Gram-positive anacrobic bacteria (i.¢., use of carrier cells in deodorants); (11) bacterial vaginosis, eg,
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associated with Gardnerella vaginalis or other anacrobes; and (12) gingivitis and/or tooth decay

caused by various organisms.

In one example, the target cells are E coli cells and the disease or condition to be treated or prevented
in a human is a uterine tract infection or a ventilator associated infection, eg, pneumonia, sepsis,

septicacmia or HUS.

In other embodiments, the carrier cells of the present invention find application in the treatment of
surfaces for the removal or attenuation of unwanted target bacteria, for example use in a method of
treating such a surface or an environment comprising target bacteria, wherein the method comprises
contacting the surface or environment with carrier bacteria of the invention, allowing conjugative
transfer of the first DNA of the invention from the carrier to the target bacteria, and allowing the
antibacterial agent to kill target cells. For example, surfaces that may be used in invasive treatments
such as surgery, catheterization and the like may be treated to prevent infection of a subject by
bacterial contaminants on the surface. It is contemplated that the methods and compositions of the
present invention may be used to treat numerous surfaces, objects, materials and the like (e.g.,
medical or first aid equipment, nursery and kitchen equipment and surfaces) to control bacterial

contamination thereon.

Pharmaceutical preparations or other compositions comprising the carrier bacteria may be formulated
in dosage unit form for ease of administration and uniformity of dosage. Dosage unit form, as used
herein, refers to a physically discrete unit of the pharmaceutical preparation appropriate for the patient
or plant or environment or surface undergoing treatment. Each dosage should contain a quantity of the
carrier bacteria calculated to produce the desired antibacterial effect in association with the selected
carrier. Procedures for determining the appropriate dosage unit are well known to those skilled in the
art. Dosage units may be proportionately increased or decreased based on the weight of a patient,
plant, surface or environment. Appropriate concentrations for achieving eradication of pathogenic
target cells (eg, comprised by a tissue of the patient) may be determined by dosage concentration

curve calculations, as known in the art.

Other uses for the carrier bacteria of the invention are also contemplated. These include a variety
agricultural, horticultural, environmental and food processing applications. For example, in
agriculture and horticulture, various plant pathogenic bacteria may be targeted in order to minimize
plant disease. One example of a plant pathogen suitable for targeting is Erwinia (eg, E amylovora, the
causal agent of fire blight). Similar strategies may be utilized to reduce or prevent wilting of cut

flowers. For veterinary or animal farming, the carrier cells of the invention may be incorporated into
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animal feed (chicken, swine, poultry, goat, sheep, fish, shellfish or cattle feed) to reduce bio-burden or
to eliminate certain pathogenic organisms (€.g., Salmonella, such as in chicken, turkey or other
poultry). In other embodiments, the invention may be applied on meat or other foods to eliminate
unwanted or pathogenic bacteria (¢.g., E. coli 0157:H7 on meat, or Proteus spp., one cause of "fishy

odour" on seafood).

Environmental utilities comprise, for example, engineering carrier bacteria, eg, Bacillus thurengiensis
and one of its conjugative plasmids, to deliver and conditionally express an insecticidal agent in
addition to or instead of an antibacterial agent (e.g., for the control of mosquitos that disseminate
malaria or West Nile virus). In such applications, as well as in the agricultural and horticultural or
other applications described above, formulation of the carrier bacteria as solutions, aerosols, or gel
capsules are contemplated.

As used herein, the term "carrier cell" may include dividing and/or non-dividing bacterial cells

(minicells and maxicells), or conditionally non-functional cells.

In an example the plasmid is an engineered RK2 plasmid (ie, a RK2 plasmid that has been modified
by recombinant DNA technology or a progeny of such a modified plasmid). Plasmid RK2isa
promiscuous plasmid that can replicate in 29 (and probably many more) gram-negative species
(Guiney and Lanka, 1989, p 27-54. In C. M. Thomas (ed) Promiscous plasmids in gram-negative
bacteria. London, Ltd London United Kingdom.). Plasmid RK2 is a 60-kb self-transmissible plasmid
with a complete nucleotide sequence known (Pansegrau ¢t al., 1994, J. Mol. Biol. 239, 623-663). A
minimal replicon derived from this large plasmid has been obtained that is devoid of all its genes
except for a trfA gene, that encodes plasmid' s Rep protein called TrfA, and an origin of vegetative
replication oriV For a review of RK2 replication and its control by TrfA protein, see Helinski et al.,
1996 (In Escherichia coli and Salmonella Cellular and Molecular Biology, Vol. 2 (ed. F. Neidhardt, et
al., 2295-2324, ASM Press, Washington D.C.).

In an example the plasmid is an engineered R6K plasmid (ie, a R6K plasmid that has been modified
by recombinant DNA technology or a progeny of such a modified plasmid).

The present invention is optionally for an industrial or domestic use, or is used in a method for such
use. For example, it is for or used in agriculture, oil or petroleum industry, food or drink industry,
clothing industry, packaging industry, electronics industry, computer industry, environmental
industry, chemical industry, acorspace industry, automotive industry, biotechnology industry, medical
industry, healthcare industry, dentistry industry, energy industry, consumer products industry,

pharmaceutical industry, mining industry, cleaning industry, forestry industry, fishing industry, leisure
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industry, recycling industry, cosmetics industry, plastics industry, pulp or paper industry, textile
industry, clothing industry, leather or suede or animal hide industry, tobacco industry or steel

industry.

The present invention is optionally for use in an industry or the environment is an industrial
environment, wherein the industry is an industry of a field selected from the group consisting of the
medical and healthcare; pharmaceutical; human food; animal food; plant fertilizers; beverage; dairy;
meat processing; agriculture; livestock farming; poultry farming; fish and shellfish farming;
veterinary; oil; gas; petrochemical; water treatment; sewage treatment; packaging; electronics and
computer; personal healthcare and toiletries; cosmetics; dental; non-medical dental; ophthalmic; non-
medical ophthalmic; mineral mining and processing; metals mining and processing; quarrying;
aviation; automotive; rail; shipping; space; environmental; soil treatment; pulp and paper; clothing
manufacture; dyes; printing; adhesives; air treatment; solvents; biodefence; vitamin supplements; cold
storage; fibre retting and production; biotechnology; chemical; industrial cleaning products; domestic
cleaning products; soaps and detergents; consumer products; forestry; fishing; leisure; recycling;
plastics; hide, leather and suede; waste management; funeral and undertaking; fuel; building; energy;

steel; and tobacco industry fields.

In an example, the plasmid comprises a CRISPR array that targets target bacteria, wherein the array
comprises one, or two or more different spacers (eg, 2, 3,4, 5,6, 7, 8, 9,10, 20, 30, 40, 50 or more

spacers) for targeting the genome of target bacteria.

In an example, the target bacteria are comprised by an environment as follows. In an example, the
environment is a microbiome of a human, eg, the oral cavity microbiome or gut microbiome or the
bloodstream. In an example, the environment is not an environment in or on a human. In an example,
the environment is not an environment in or on a non-human animal. In an embodiment, the
environment is an air environment. In an embodiment, the environment is an agricultural
environment. In an embodiment, the environment is an oil or petroleum recovery environment, eg, an
oil or petroleum field or well. In an example, the environment is an environment in or on a foodstuff
or beverage for human or non-human animal consumption. In an example, the environment is a

maritimeenvironment, ¢g, in seawater or on a boat (eg, in ship or boat ballast water).
In an example, the environment is a a human or animal microbiome (eg, gut, vaginal, scalp, armpit,

skin or oral cavity microbiome). In an example, the target bacteria are comprised by a human or

animal microbiome (eg, gut, vaginal, scalp, armpit, skin or oral cavity microbiome).
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In an example, the carrier bacteria or composition of the invention are administered intranasally,
topically or orally to a human or non-human animal, or is for such administration. The skilled person
aiming to treat a microbiome of the human or animal will be able to determine the best route of
administration, depending upon the microbiome of interest. For example, when the microbiome is a
gut microbiome, administration can be intranasally or orally. When the microbiome is a scalp or
armpit microbiome, administration can be topically. When the microbiome is in the mouth or throat,

the administration can be orally.

In an example, the environment is harboured by a beverage or water (eg, a waterway or drinking
water for human consumption) or soil. The water is optionally in a heating, cooling or industrial

system, or in a drinking water storage container.

In an example, the carrier and/or target bacteraia are Firmicutes selected from Anaerotruncus,
Acetanaerobacterium, Acetitomaculum, Acetivibrio, Anaerococcus, Anaerofilum, Anaerosinus,
Anaerostipes, Anaerovorax, Butyrivibrio, Clostridium, Capracoccus, Dehalobacter, Dialister, Dorea,
Enterococcus, Ethanoligenens, Faecalibacterium, Fusobacterium, Gracilibacter, Guggenheimella,
Hespellia, Lachnobacterium, Lachnospira, Lactobacillus, Leuconostoc, Megamonas, Moryella,
Mitsuokella, Oribacterium, Oxobacter, Papillibacter, Proprionispira, Pseudobutyrivibrio,
Pseudoramibacter, Roseburia, Ruminococcus, Sarcina, Seinonella, Shuttleworthia, Sporobacter,
Sporobacterium, Streptococcus, Subdoligranulum, Syntrophococcus, Thermobacillus, Turibacter and

Weisella.

In an example, the carrier bacteria, composition, use or method is for reducing pathogenic infections
or for re-balancing gut or oral biofilm eg, for treating or preventing obesity or disease in a human or
animal; or for treating or preventing a GI condition (such as Crohn’s discase, IBD or colitis). For
example, the DNA, carrier bacteria, composition, use or method is for knocking-down Salmomnella,
Campylobacter, Erwinia, Xanthomonous, Edwardsiella, Pseudomonas, Klebsiella, Pectobacterium,
Clostridium dificile or E coli bacteria in a gut biofilm of a human or animal or a plant, preferably in a

human or animal.

In an example, the animal is a chicken, eg, and the target bacteria are Salmomnella or Campylobacter.
In an example, the animal is a fish (eg, catfish or salmon) or shellfish (eg, prawn or lobster), eg, and
the target bacteria are Edwardsiella. In an example, the plant is a potato plant and, eg, the target
bacteria are Pectobacterium. In an example, the plant is a cabbage plant and, eg, the target bacteria
are Xanthomonous (eg, X campestris). In an example, the plant is a marijuana plant and, eg, the targt

bacteria are Pseudomonas (eg, P cannabina or P amygdali), Agrobacterium (eg, A tumefaciens) or
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Xanthomonas (eg, X campestris). In an example, the plant is a hemp plant and, eg, the targt bacteria
are are Pseudomonas (eg, P cannabina or P amygdali), Agrobacterium (eg, A tumefaciens) or

Xanthomonas (eg, X campestris).

In an example, the disease or condition is a cancer, inflammatory or autoimmune disease or condition,

eg, obesity, diabetes IBD, a GI tract condition or an oral cavity condition.

Optionally, the environment is comprised by, or the target bacteria are comprised by, a gut biofilm,
skin biofilm, oral cavity biofilm, throat biofilm, hair biofilm, armpit biofilm, vaginal biofilm, rectal
biofilm, anal biofilm, ocular biofilm, nasal biofilm, tongue biofilm, lung biofilm, liver biofilm, kidney
biofilm, genital biofilm, penile biofilm, scrotal biofilm, mammary gland biofilm, ear biofilm, urethra
biofilm, labial biofilm, organ biofilm or dental biofilm. Optionally, the environment is comprised by,
or the target bacteria are comprised by, a plant (eg, a tobacco, crop plant, fruit plant, vegetable plant
or tobacco, eg on the surface of a plant or contained in a plant) or by an environment (eg, soil or water

or a waterway or acqueous liquid).

In an example, the carrier cell(s) or composition is for treating a disease or condition in an animal or
human, wherein the disease or condition. In an example, the disease or condition is caused by or
mediated by an infection of target cells comprised by the subject or patient. In an example, the
disease or condition is associated with an infection of target cells comprised by the subject or patient.
In an example, a symptom of the disease or condition is an infection of target cells comprised by the

subject or patient.

Optionally, the disease or condition of a human or animal subject is selected from

(a) A neurodegenerative disease or condition;

(b) A brain disease or condition;

(c) A CNS disease or condition;

(d) Memory loss or impairment;

(e) A heart or cardiovascular disease or condition, eg, heart attack, stroke or atrial
fibrillation;

) A liver disease or condition;

(g) A kidney disease or condition, eg, chronic kidney disease (CKD);

(h) A pancreas disease or condition;

(1) A lung disease or condition, eg, cystic fibrosis or COPD;

)] A gastrointestinal disease or condition;

(k) A throat or oral cavity disease or condition;
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An ocular disease or condition;

A genital discase or condition, eg, a vaginal, labial, penile or scrotal discase or
condition;

A sexually-transmissible disease or condition, eg, gonorrhea, HIV infection, syphilis
or Chlamydia infection;

An car disease or condition;

A skin discase or condition;

A heart disease or condition;

A nasal disease or condition

A haematological disease or condition, eg, anacmia, eg, anacmia of chronic disease or
cancer;,

A viral infection;

A pathogenic bacterial infection;

A cancer;

An autoimmune disease or condition, eg, SLE;

An inflammatory disease or condition, eg, rheumatoid arthritis, psoriasis, eczema,
asthma, ulcerative colitis, colitis, Crohn’s disease or IBD;

Autism;

ADHD;

Bipolar disorder;

ALS [Amyotrophic Lateral Sclerosis];

Osteoarthritis;

A congenital or development defect or condition;

Miscarriage;

A Dblood clotting condition;

Bronchitis;

Dry or wet AMD,;

Neovascularisation (eg, of a tumour or in the eye);

Common cold;

Epilepsy;

Fibrosis, eg, liver or lung fibrosis;

A fungal disease or condition, eg, thrush;

A metabolic disease or condition, eg, obesity, anorexia, diabetes, Type I or Type II
diabetes.

Ulcer(s), eg, gastric ulceration or skin ulceration;

Dry skin;
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Sjogren’s syndrome;

Cytokine storm;

Deafness, hearing loss or impairment;

Slow or fast metabolism (ie, slower or faster than average for the weight, sex and age
of the subject);

Conception disorder, eg, infertility or low fertility;

Jaundice;

Skin rash;

Kawasaki Disease;

Lyme Disease;

An allergy, eg, a nut, grass, pollen, dust mite, cat or dog fur or dander allergy;
Malaria, typhoid fever, tuberculosis or cholera;

Depression;

Mental retardation;

Microcephaly;

Malnutrition;

Conjunctivitis;

Pneumonia;

Pulmonary embolism;

Pulmonary hypertension;

A bone disorder;

Sepsis or septic shock;

Sinusitus;

Stress (eg, occupational stress);

Thalassaecmia, anaemia, von Willebrand Disease, or hacmophilia;
Shingles or cold sore;

Menstruation;

Low sperm count.

NEURODEGENERATIVE OR CNS DISEASES OR CONDITIONS FOR TREATMENT OR

PREVENTION BY THE INVENTION

In an example, the neurodegenerative or CNS disease or condition is selected from the group

consisting of Alzheimer disease , geriopsychosis, Down syndrome, Parkinson's disease, Creutzfeldt-

jakob disease, diabetic neuropathy, Parkinson syndrome, Huntington's disease, Machado-Joseph

disease, amyotrophic lateral sclerosis, diabetic neuropathy, and Creutzfeldt Creutzfeldt- Jakob
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disease. For example, the disease is Alzheimer disease. For example, the disease is Parkinson

syndrome.

In an example, wherein the method of the invention is practised on a human or animal subject for
treating a CNS or neurodegenerative disease or condition, the method causes downregulation of Treg
cells in the subject, thereby promoting entry of systemic monocyte-derived macrophages and/or Treg
cells across the choroid plexus into the brain of the subject, whereby the disease or condition (eg,
Alzheimer’s disease) is treated, prevented or progression thereof is reduced. In an embodiment the
method causes an increase of IFN-gamma in the CNS system (eg, in the brain and/or CSF) of the
subject. In an example, the method restores nerve fibre and//or reduces the progression of nerve fibre
damage. In an example, the method restores nerve myelin and//or reduces the progression of nerve
myelin damage. In an example, the method of the invention treats or prevents a disease or condition
disclosed in WO02015136541 and/or the method can be used with any method disclosed in
WO02015136541 (the disclosure of this document is incorporated by reference herein in its entirety,
eg, for providing disclosure of such methods, diseases, conditions and potential therapeutic agents that
can be administered to the subject for effecting treatement and/or prevention of CNS and
neurodegenerative diseases and conditions, eg, agents such as immune checkpoint inhibitors, eg, anti-

PD-1, anti-PD-L1, anti-TIM3 or other antibodies disclosed therein).

CANCERS FOR TREATMENT OR PREVENTION BY THE METHOD

Cancers that may be treated include tumours that are not vascularized, or not substantially
vascularized, as well as vascularized tumours. The cancers may comprise non-solid tumours (such as
haematological tumours, for example, leukaemias and lymphomas) or may comprise solid tumours.
Types of cancers to be treated with the invention include, but are not limited to, carcinoma, blastoma,
and sarcoma, and certain leukaemia or lymphoid malignancies, benign and malignant tumours, and
malignancies ¢.g., sarcomas, carcinomas, and melanomas. Adult tumours/cancers and paediatric

tumours/cancers are also included.

Haematologic cancers are cancers of the blood or bone marrow. Examples of haecmatological (or
haematogenous) cancers include leukaemias, including acute leukaemias (such as acute lymphocytic
leukaemia, acute myelocytic leukaemia, acute myelogenous leukaecmia and myeloblasts,
promyeiocytic, myelomonocytic, monocytic and erythroleukaemia), chronic leukaemias (such as
chronic myelocytic (granulocytic) leukaemia, chronic myelogenous leukaemia, and chronic
lymphocytic leukaemia), polycythemia vera, lymphoma, Hodgkin's disease, non-Hodgkin's lymphoma
(indolent and high grade forms), multiple myeloma, Waldenstrom's macroglobulinemia, heavy chain

disease, myeiodysplastic syndrome, hairy cell leukaemia and myelodysplasia.
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Solid tumours are abnormal masses of tissue that usually do not contain cysts or liquid areas. Solid
tumours can be benign or malignant. Different types of solid tumours are named for the type of cells
that form them (such as sarcomas, carcinomas, and lymphomas). Examples of solid tumours, such as
sarcomas and carcinomas, include fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,
osteosarcoma, and other sarcomas, synovioma, mesothelioma, Ewing's tumour, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, lymphoid malignancy, pancreatic cancer, breast cancer, lung
cancers, ovarian cancer, prostate cancer, hepatocellular carcinoma, squamous eel! carcinoma, basal
cell carcinoma, adenocarcinoma, sweat gland carcinoma, medullary thyroid carcinoma, papillary
thyroid carcinoma, pheochromocytomas sebaceous gland carcinoma, papillary carcinoma, papillary
adenocarcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma,
bile duct carcinoma, choriocarcinoma, Wilms' tumour, cervical cancer, testicular tumour, seminoma,
bladder carcinoma, melanoma, and CNS tumours (such as a glioma (such as brainstem glioma and
mixed gliomas), glioblastoma (also known as glioblastoma multiforme) astrocytoma, CNS lymphoma,
germinoma, medu!loblastoma, Schwannoma craniopharyogioma, ependymoma, pineaioma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, menangioma, neuroblastoma,

retinoblastoma and brain metastases).

AUTOIMMUNE DISEASES FOR TREATMENT OR PREVENTION BY THE METHOD

1. Acute Disseminated Encephalomyelitis (ADEM)
Acute necrotizing hemorrhagic leukoencephalitis

Addison’s disease

Agammaglobulinemia

Alopecia areata

Amvloidosis

Ankylosing spondvlitis
Anti-GBM/Anti-TBM nephritis
Antiphospholipid syndrome (APS)

. Autoimmune angioedema

0 X N kWD

—
=

—
—

. Autormmune aplastic anemia

—
N

. Autoimmune dysautonomia

—
W

. Autoimmune hepatitis

—_
~

. Autoimmune hyperlipidemia

—
wn

. Autoimmune immunodeficiency

—_
N

. Autoimmune inner ear disease (AIED)

[a—
B

. Autoimmune mvocarditis
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18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51
52.
53.

Autoimmune oophoritis

Autoimmune pancreatitis

Autoimmune retinopathy

Autoimmune thrombocytopenic purpura (ATP)

Autoimmune thyroid disease

Autoimmune urticaria

Axonal & neuronal neuropathies

Balo discase
Behcet’s disease
Bullous pemphigoid

Cardiomyopathy

Castleman disease

Celiac disease
Chagas discase
Chronic fatigue syndrome

Chronic inflammatory demyelinating polyneuropathy (CIDP)

Chronic recurrent multifocal ostomvelitis (CRMO)

Churg-Strauss syndrome

Cicatricial pemphigoid/benign mucosal pemphigoid
Crohn’s disease
Cogans syndrome

Cold agglutinin disease
Congenital heart block

Coxsackie myocarditis
CREST disease

Essential mixed crvoglobulinemia

Demvelinating neuropathies

Dermatitis herpetiformis

Dermatomyositis
Devic’s disease (neuromvelitis optica)

Discoid lupus
Dressler’s syndrome

Endometriosis

Eosinophilic esophagitis

Eosinophilic fasciitis

Ervthema nodosum
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54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

81

Experimental allergic encephalomyvelitis

Evans syndrome

Fibromyalgia
Fibrosing alveolitis

Giant cell arteritis (temporal arteritis)

Giant cell mvocarditis

Glomerulonephritis

Goodpasture’s syndrome

PCT/EP2021/080876

Granulomatosis with Polvangiitis (GPA) (formerly called Wegener’s Granulomatosis)

Graves’ disease

Guillain-Barre syndrome

Hashimoto’s encephalitis

Hashimoto’s thyroiditis
Hemolvtic anemia

Henoch-Schonlein purpura

Herpes gestationis
Hvpogammaglobulinemia

Idiopathic thrombocytopenic purpura (ITP)

IgA nephropathy

IeG4-related sclerosing disease

Immunoregulatory lipoproteins

Inclusion body myvositis

Interstitial cystitis
Juvenile arthritis

Juvenile diabetes (Tvpe 1 diabetes)

Juvenile mvositis

Kawasaki syndrome

. Lambert-Eaton syndrome
82.
83.
84.
85.
86.
87.
88.
89.

Leukocytoclastic vasculitis

Lichen planus

Lichen sclerosus
Ligneous conjunctivitis
Linear IgA disease (LAD)
Lupus (SLE)

Lyme disease. chronic

Meniere’s disease
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92.
93.
94,
95.
96.
97.
98.
99.

100.
101.
102.
103.

104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
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Microscopic polvangiitis
Mixed connective tissue disease (MCTD)

Mooren’s ulcer
Mucha-Habermann discase
Multiple sclerosis

Muvasthenia gravis

Myvositis

Narcolepsy

Neuromyvelitis optica (Devic’s)

Neutropenia
Ocular cicatricial pemphigoid

Optic neuritis

Palindromic rheumatism

PANDAS (Pediatric Autoimmune Neuropsvchiatric Disorders Associated with

Streptococcus)

Paraneoplastic cerebellar degeneration

Paroxysmal nocturnal hemoglobinuria (PNH)

Parry Romberg syndrome

Pars onnage-Tumer Sy ndrome

Pars planitis (peripheral uveitis)

Pemphigus
Peripheral neuropathy

Perivenous encephalomvelitis

Pernicious anemia
POEMS svndrome

Polvarteritis nodosa

Type L II. & III autoimmune polvelandular syndromes
Polvmyvalgia theumatica

Polymyositis
Postmvocardial infarction svndrome

Postpericardiotomy syndrome

Progesterone dermatitis
Primary biliary cirrthosis

Primary sclerosing cholangitis
Psoriasis

Psorniatic arthritis
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125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.

Idiopathic pulmonary fibrosis

Py oderma gangrenosum

Pure red cell aplasia

Ravnauds phenomenon
Reactive Arthritis

Reflex sympathetic dvstrophy

Reiter’s syndrome
Relapsing polvchondritis

Restless legs syndrome

Retroperitoneal fibrosis

Rheumatic fever

Rheumatoid arthritis

Sarcoidosis

Schmidt syndrome

Scleritis
Scleroderma

Sjogren’s syndrome

Sperm & testicular autoimmunity

Stiff person svndrome

Subacute bacterial endocarditis (SBE)

Susac’s syndrome

Sympathetic ophthalmia
Takavasu’s arteritis

Temporal arteritis/Giant cell arteritis

Thrombocvtopenic purpura (TTP)

Tolosa-Hunt svndrome

Transverse myelitis

Tyvpe 1 diabetes

Ulcerative colitis

Undifferentiated connective tissue disease (UCTD)

Uveitis
Vasculitis

Vesiculobullous dermatosis

Vitiligo

Wegener’s granulomatosis (now termed Granulomatosis with Polvangiitis (GPA).
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INFLAMMATORY DISEASES FOR TREATMENT OR PREVENTION BY THE METHOD

1. Alzheimer

ankylosing spondylitis

arthritis (osteoarthritis, rheumatoid arthritis (RA), psoriatic arthritis)
asthma

atherosclerosis

Crohn's disease

colitis

dermatitis

X N RN

diverticulitis

—_
=

. fibromyalgia

—
—

. hepatitis

—
N

. irritable bowel syndrome (IBS)

p—
W

. systemic lupus erythematous (SLE)

—_
~

. nephritis

[
N

. Parkinson's disease

—
N

. ulcerative colitis.

For example, the composition comprising carrier cells is an animal feed and/or beverage (eg, mixed in
drinking water). When supplied in a beverage, the system, component or agent may be comprised by
carrier bacteria, wherein the carrier bacteria are comprised in the beverage at an amount of from 1 x
103to 1 x IOlO(eg, from 1 x 10*t0 1 x 10'%; from 1 x 10%to 1 x 10°; from 1 x 10*to 1 x 10%; from 1 x
10%to 1 x 107; from 1 x 10°to 1 x 10"; from 1 x 10°to 1 x 10°; from 1 x 10°to 1 x 10%; from 1 x 10°
to 1 x107; from 1 x 10°to 1 x 10'%; from 1 x 10°to 1 x 10°; from 1 x 10°to 1 x 10% from 1 x 10°to 1
x 107; from 1 x 10°to 1 x 10'*; from 1 x 10°to 1 x 10°; from 1 x 10°to 1 x 10%; or from 1 x 10°to 1 x
107) cfu/ml. When supplied in a beverage, the system, component or agent may be comprised by
carrier bacteria, wherein the carrier bacteria are comprised in the beverage at an amount of at least 1 x

10® cfu/ml, eg, wherein the animal is a poultry bird, such as a chicken.

Optionally, the guided nuclease is any guided nuclease disclosed herein, eg, a Cas, TALEN,
meganuclease or a zinc finger nuclease. In an example, the component is a crRNA or guide RNA that
is operable in target cells with a cognate Cas nuclease. The Cas nuclease can be any Cas nuclease
disclosed herein. The Cas nuclease may be an endogenous Cas of the target cells or may be encoded

by an exogenous nucleic acid that is administered to the animal.
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It will be understood that particular embodiments described herein are shown by way of illustration
and not as limitations of the invention. The principal features of this invention can be employed in
various embodiments without departing from the scope of the invention. Those skilled in the art will
recognize, or be able to ascertain using no more than routine study, numerous equivalents to the
specific procedures described herein. Such equivalents are considered to be within the scope of this
invention and are covered by the claims. All publications and patent applications mentioned in the
specification are indicative of the level of skill of those skilled in the art to which this invention
pertains. All publications and patent applications and all US equivalent patent applications and patents
are herein incorporated by reference to the same extent as if each individual publication or patent
application was specifically and individually indicated to be incorporated by reference. The use of the
word "a" or "an" when used in conjunction with the term "comprising” in the claims and/or the

"n

specification may mean "one," but it is also consistent with the meaning of "one or more," "at least
one," and "one or more than one." The use of the term "or" in the claims is used to mean "and/or"
unless explicitly indicated to refer to alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to only alternatives and "and/or." Throughout
this application, the term "about" is used to indicate that a value includes the inherent variation of
error for the device, the method being employed to determine the value, or the variation that exists

among the study subjects.

As used in this specification and claim(s), the words "comprising” (and any form of comprising, such
as "comprise" and "comprises"), "having" (and any form of having, such as "have" and "has"),
"including" (and any form of including, such as "includes" and "include") or "containing" (and any
form of containing, such as "contains" and "contain") are inclusive or open-ended and do not exclude

additional, unrecited elements or method steps

The term "or combinations thereof" or similar as used herein refers to all permutations and
combinations of the listed items preceding the term. For example, "A, B, C, or combinations thereof is
intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this example,
expressly included are combinations that contain repeats of one or more item or term, such as BB,
AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled artisan will
understand that typically there is no limit on the number of items or terms in any combination, unless
otherwise apparent from the context.

Any part of this disclosure may be read in combination with any other part of the disclosure, unless

otherwise apparent from the context.
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All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and methods
of this invention have been described in terms of preferred embodiments, it will be apparent to those
of skill in the art that variations may be applied to the compositions and/or methods and in the steps or
in the sequence of steps of the method described herein without departing from the concept, spirit and
scope of the invention. All such similar substitutes and modifications apparent to those skilled in the
art are deemed to be within the spirit, scope and concept of the invention as defined by the appended

claims.

EXAMPLES

Pseudomonas syringae pv. tomato str. DC3000, used in the Examples, has the complete genome
sequence of which has GenBank accession number AE016853.1, the entire sequence of which is

incorporated herein by reference.

P fluoroscens strain 896 (pfu 896), used in the Examples, has the complete genome sequence of
GenBank accession number CABVIN000000000.1, the entire sequence of which is incorporated
herein by reference. P fluoroscens strain 887 (pfu 887), used in the Examples, has the complete
genome sequence of GenBank accession number CABVIQ000000000. 1, the entire sequence of which

is incorporated herein by reference.

Example 1: Effective Delivery, Killing & Maintenance of Antibacterial Agent Using
Conjugation to Bacteria with RND-Efflux Pumps

Aim of the study

This study was performed to evaluate the efficacy of a conjugation-delivered anti-P syringae
antibacterial CRISPR/Cas agent, when used as a protective product to selectively target and kill P.
syrinage pv. tomato, DC3000 strain (Pto DC3000) in the cv. Moneymaker variety of tomato plants.
Herein, we refer to the agent as a CRISPR Guided Biotic™ (GB™). The Pto DC3000 comprised genes
encoding RND efflux pumps, including genes PSPTO_0820 and PSPTO_4977.

Background/Scope

P. syringae pv. tomato (Pto) is a pathogen of tomato plants. The disease caused by Pro is characterised
by bacterial specks, which start to appear on the leaves of young transplants. If the disease is left
unmanaged in the developing plants, it causes death of the plants. This has been reported as a major

cause of concern in the United States' and more recently in Italy?, where the yield of tomato crops has
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been severely affected by the bacterial speck disease. We investigated CRISPR Guided Biotic™ (GB™)
technology to target the pathogen on or in plants to protect or manage the disease and prevent the loss
of yield.

Our GB™ technology against Pto DC3000, was based on the CRISPR/Cas system, carried on a
conjugative plasmid vector. The active GB™ vector encoded a Cas nuclease and cognate crRNA, with
crRNA spacers targeting two conserved and essential genes in the genome of P. syringae DC3000. Both
genes are chromosomally located on the genome of Pro DC3000. A control GB™ vector contained all
of the other components of the active GB™ vector but didn’t encode the ctRNA. For the delivery of
GB™ vectors to the target bacteria in plants, we selected a non-pathogenic bacterium which forms part
of'the normal microbiota of plants as well as being present in soil and water. Two strains were developed
and compared for the delivery of GB™ vectors. To enable the conjugative transfer of GB™ vectors,
the conjugative plasmid (p)RP4 was transformed into the delivery strains (ie, into the carrier cells). The
pRP4 is a 60 kb plasmid, which is also incorporated in the genome of the E. coli S17**. Finally, the

control and active GB™ vectors were transformed into the delivery strains.

Materials and Methods

The Moneymaker tomato plants were sown and two weeks after sowing seedlings were transplanted
into 9cm pots. The experiment was performed in a contaminant level 2 plant room. The plants were
allowed to grow for seven weeks, before the start of the experiment. The strains used in this study and

their characteristics are as follows:-

Plant control GB™ 1 Delivery strain 1 containing conjugative pRP4 and GB™ control vector.

The pRP4 encoded a tetracycline marker of selection and GB™ vector

encoded a gentamicin marker for selection.

Plant active GB™ 1 Delivery strain 1 containing conjugative, pRP4 and GB™ active vector
encoding cRNA targeting two conserved and essential genes. The pRP4

encoded a tetracycline marker of selection and GB™ vector encoded a

gentamicin marker for selection.

Plant control GB™ 2 Delivery strain 2 containing conjugative pRP4 and GB™ control

vector. The pRP4 encoded a tetracycline marker of selection and GB™

vector encoded a gentamicin marker for selection.

Plant active GB™ 2 Delivery strain 2 containing conjugative, pRP4 and GB™ active vector
encoding cRNA targeting two conserved and essential genes. The pRP4

encoded a tetracycline marker of selection and GB™ vector encoded a

gentamicin marker for selection.
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Pto DC3000 P. syringae pv. syringae DC3000 wild type strain, with chromosomally

encoded rifampicin marker for selection.

The GB™ control and active strains were inoculated in Lysogeny (L) media (Sigma-Aldrich, UK),
containing 12.5 pg/mL tetracycline and 25 pg/mL of gentamicin. These cultures and Pto DC3000 in L
media were allowed to grow shaking at 28 °C, overnight. After the overnight incubation, the cultures
were centrifuged at 4000 xg for 15 minutes. After centrifugation, the supernatant was discarded. The
pellet was gently suspended into 10mM MgCl, and centrifuged again as stated above. The pellet was
washed three times by suspending in fresh 10mM MgCl; and centrifugation each time. Finally, the
ODsoonm of cach culture was measured using the spectrophotometer. The ODgoonm 0f each GB™ active
and control strain was adjusted to 0.3 in 10mM MgCl, containing 0.04 % Silwet. The Pto DC3000 was
adjusted to 0.1 in 10mM MgCl, containing 0.04 % Silwet™., The following treatments were applied in
this study.

Treatment combinations and the number of plants per treatment, used in this study:-

Treatment Number of plants
Biological replicate 1 | Biological replicate 2 | Biological replicate 3

Plant control GB™ 1+ Pro 3 3 3
DC3000

Plant active GB™ 1+ Pro 3 3 3
DC3000

Plant control GB™ 2+ Pro 3 3 3
DC3000

Plant active GB™ 2+ Pro 3 3 3
DC3000

Pto DC3000- disease control 2 3 3
MgCl, negative control 2 3 3

In the first experiment, for homogeneity of coverage of the plants the ‘dip inoculation method” was used
for the application of the respective GB™ treatment. For dip inoculation, the plant pot was carefully
inverted and dipped in the treatment contained in a 1L beaker. The pathogen, Pto DC3000 control and
10mM MgCl, containing 0.04 % Silwet, as negative control was sprayed on the plants. For spray
inoculation, plastic plant water spray bottles were used. The spray bottles had jet and mist control to
ensure uniform spraying on plant. Both the GB™ treatment and Pto DC3000 were applied as single

applications. For the remaining biological replicates, both the GB™ treatments and controls were
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sprayed on the plants. The treatment was allowed to dry for 2-3 hours (hrs). After this time, Prto DC3000
was sprayed on all the plants, except for the plants in the negative control group in which the plants
were only sprayed with 10mM MgCl, containing 0.04 % Silwet. The leaf disc samples were made and
processed as follows: After the plants were dry, two leaf discs were collected from each of the three
separate leaves per plant, by using a cork borer No. 2 (area = 0.125 cm?). The leaf discs were ground in
100 pL volume of 10mM MgCls. The leaf disc extracts were serially diluted in 10mM MgCl, and 10
pL spot of each dilution was plated in duplicate on the L media agar plates containing 50 pg/mL of
rifampicin, which selects for Pto DC3000 and 25 ug/mL of Nystatin, which was used as an anti-fungal
agent. The leaf disc extracts from each plant was obtained after 24, 48, 72 hrs and 7 days and were
processed as described above. The plates were incubated at 28 °C, for 48 hrs. The bacterial colonies
were counted and CFU/cm? was calculated’. Percentage (%) reduction in pathogen (Pto DC3000) load
was calculated as: (CFU/cm? plant control GB™ - CFU/cm? plant active GB™)/CFU/cm? plant control
GB™ *100. The log reduction in pathogen (Pto DC3000) load was calculated as: log (CFU/cm? plant
control GB™) - log (CFU/cm? plant active GB™),

Results and Discussion

The conjugative carrier bacteria with GB™ vector was applied on the tomato plants. These plants were
then exposed to infection with Pro DC3000 by spray application on the plants, except for the first
biological replicate in which dip inoculation method was used. Any surviving Pto DC3000 after

treatment with the GB™ was enumerated and compared to the control groups.

The protection assays showed that Pto DC3000 applied as the positive control for disecase on average
achicved a 2.5 log increase in CFU/cm?, 7 days post-infection (Figures 1 and 2). The treatment with
active GB™ | showed an overall 1.7 log reduction in CFU/cm?, compared with the control GB™ 1
(Figure 1 and table 8). A similar trend in the CFU/cm? reduction of Pto DC3000 was observed for the
active GB™ 2 with an overall 1.2 log reduction in the pathogen load on plants, compared with the

control GB™ 2 (Figure 2 and Table 8).

Although, there was a variation in the log reduction values in the load of Pto DC3000, per timepoint
between the active GB™ compared with the control GB™ (Figures 1 and 2), the active GB™

successfully reduced the pathogen load in all cases.

Conclusively, the reduction in the number of Pto DC3000 as a result of the application of active GB™
using conjugation showed the guided biotic is effective in killing on plants. Thus, surprisingly we were
able to effectively achieve delivery of an antibacterial agent into the target cells using conjugation,

despite the presence of RND efflux pumps. The delivered agent, furthermore, was advantageously
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retained sufficiently to enable killing by measurable and meaningful amounts. This study also suggests
that active conjugative GB™ survives on the plants for up to a week, acting as a bactericidal against
Pto DC3000, keeping the bacterial burden down. In this respect, see Table 9: we calculated the
percentage reduction in the bacterial load referred to as the % kill by active GB at day 1 post-treatment
(beginning of the experiment) and also at day 7 (end of the experiment). The % kill at each time point
(i.e. day 1 and day 7) was compared with the non-active (or control) GB. The difference in the % kill
between day 7 and day 1 was calculated as the average difference in % kill for triplicate experiments,
for each of the two delivery strains used (Pfu 896 and Pfu 887). As seen in Table 9, the killing effect

was surprisingly durable and maintained or even increased at day 7.

The set of plants treated with Pto DC3000 only and the ones treated with the control GB™ and then
exposed to Pro DC3000 developed characteristic bacterial specks, and signs of chlorosis and necrosis
of the infected leaves were also visible, after 7 days of the treatment. Figures 3A and 3B are
representative images of plants treated with the plant control GB™ 1 and then sprayed with Pro
DC3000, showing successful infection by Pro DC3000. As a comparison, the plants treated with the
plant active GB™ 1 showed infection control and healthier plants (Figure 3C). In this case, only
localized symptoms of the disease were observed on some leaves (Figure 3D), which may represent the
areas of the leaves where the plant active GB™ 1 did not come in contact with the active pathogen, Pto
DC3000 or the plant active GB™ 1 did not survive or replicate in all foliar parts of the plant. Generally,

plants treated according to the invention were healthier compared with the control.

Example 2: Bioninformatics Analysis to Determine Bacterial Species & Strains with Gene

Orthologues & Homologues
In order to determine the homologues and orthologues for the PSPTO_0477 and PSPTO_0820, the

nucleotide sequences of these genes were used to perform the BLASTN search, using the NCBI
online search tool (https://blast ncbinlm nih.gov/Blast.cgi). The searches were performed against the
databases available on 27.04.2020. The homologues to the genes PSPTO_0477 and PSPTO_0820
were found (Tables 3 to 6) by performing the BLASTN search against the NCBI’s standard non-

redundent nucleotide (nr/nt) collection database and the top 100 hits are reported. A BLASTN search
against the standard non-redundent nucleotide (nr/nt) collection database excluding the
Pseudomonadales provided the orthologues of PSPTO_0477 and PSPTO_0820 in the non-
Pseudomonas species (Tables 4 and 6). For PSPTO_0820, this search achieved several best hits with
the percentage (%) sequence identity in the range of 80-82 % of the length of the query sequence in
the range of 97-98 %.The top best hit for each species is reported (Table 6).
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Example 3 Determination of Desirable Carrier Strain Characteristics
Data mining of the genome sequence of a collection of P. fluorescens strains showed the presence or

absence of genes or operons involved in the natural product pathways in these strains (Reference 6,
Figure 2). We determined that motile P. fluorescens carrier strains used in our study performed well;
non-motile strains were found to be poor performers. The gene encoding for Pepl is present in the
genome of only the motile strains used in our study and absent from the non-motile strains. Pepl has a
role in the RiPP (ribosomally synthesized and post-translationally modified peptides) pathway
(Reference 7). Pepl encodes for a 69 amino acid product which provides immunity against Pep5, a
lantibiotic (an antimicrobial peptide) produced by gram positive Staphylococcus
epidermidis(Reference 8). We also determined that another gene, the gene encoding for the chitinase
class I exoenzyme, is present in most motile strains studied and is absent from the non-motile strains.
This enzyme is produced by Pseudomonas aeruginosa and it breaks down the polymer chitin, which
is present in the cell wall of algae and fungi into the extracellular environment (Reference 9). The
presence of these two genes exclusively in the motile strains suggests the role of these genes in the
improved performance in pathogen control, advantage in colonisation and thereby the yield gain in

planta.
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TABLE 1: Example Target Cell Genera, Species & Strains

These may be useful, for example, where the target cell is comprised by a plant (or any part of a plant
disclosed herein), or an environment (eg, a plant environment, eg, soil).

Brenneria quercina

Acidovorax avenae subsp. cattleyae Brenneria rubrifaciens

Acidovorax avenae subsp. Brenneria salicis

Acidovorax konjaci

Acidovorax valerianellae Burkholderia

Agrobacterium Burkholderia andropogonis

Agrobacterium larrymoorei Burkholderia caryophylli

Agrobacterium radiobacter Burkholderia cepacia

Agrobacterium rhizogenes Burkholderia gladioli

Agrobacterium rubi Burkholderia gladioli pv. agaricicola

Agrobacterium tumefaciens Burkholderia gladioli pv. alliicola

Agrobacterium vitis Burkholderia gladioli pv. gladioli

Arthrobacter Burkholderia glumae

Arthrobacter ilicis Burkholderia

Bacillus

Bacillus megaterium

Bacillus megaterium pv. cerealis Clavibacter

Bacillus pumilus Clavibacter michiganensis
Clavibacter michiganensis subsp.

Brenneria Clavibacter michiganensis subsp.

Brenneria alni michiganensis

Brenneria nigrifluens Clavibacter michiganensis subsp. nebraskensis
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Clavibacter michiganensis subsp. sepedonicus
Clavibacter michiganensis subsp. tessellarius
Clavibacter rathayi

Clavibacter toxicus

Clavibacter tritici

Clavibacter xyli

Clavibacter xyli subsp. cynodontis
Clavibacter xyli subsp. xyli

Clostridium

Clostridium puniceum

Corynebacterium

Corynebacterium betae

Corynebacterium beticola
Corynebacterium fascians
Corynebacterium flaccumfaciens
Corynebacterium flaccumfaciens pv. betae
Corynebacterium flaccumfaciens pv.
flaccumfaciens

Corynebacterium flaccumfaciens pv. oortii
Corynebacterium flaccumfaciens pv.
poinsettiae

Corynebacterium flaccumfaciens subsp.
Corynebacterium flaccumfaciens subsp.
flaccumfaciens

Corynebacterium flaccumfaciens subsp. oortii
Corynebacterium flaccumfaciens subsp.
poinsettiae

Corynebacterium ilicis

Corynebacterium insidiosum
Corynebacterium iranicum
Corynebacterium michiganense
Corynebacterium michiganensis pv. insidiosus
Corynebacterium michiganensis pv. iranicum
Corynebacterium michiganense pv.
nebraskense

Corynebacterium michiganense pv. rathayi
Corynebacterium michiganense pv.
sepedonicum

Corynebacterium michiganense pv. tritici
Corynebacterium michiganense subsp.
insidiosum

Corynebacterium michiganense subsp.
Corynebacterium michiganense subsp.
nebraskense

Corynebacterium michiganense subsp.
sepedonicum

Corynebacterium michiganense subsp.
tessellarius

Corynebacterium oortii

Corynebacterium
Corynebacterium rathayi
Corynebacterium sepedonicum
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Corynebacterium tritici
Curtobacterium
Curtobacterium flaccumfaciens

Curtobacterium flaccumfaciens pv.
Curtobacterium flaccumfaciens pv.
flaccumfaciens

Curtobacterium flaccumfaciens pv. ilicis
Curtobacterium flaccumfaciens pv. oortii
Curtobacterium flaccumfaciens pv. poinsettiae

Dickeya

Dickeya chrysanthemi

Dickeya chrysanthemi pv. chrysanthemi
Dickeya chrysanthemi pv. parthenii
Dickeya dadantii

Dickeya dianthicola

Dickeya dieffenbachiae

Dickeya paradisiaca

Dickeya zeae

Enterobacter

Enterobacter agglomerans
Enterobacter cancerogenus
Enterobacter cloacae

Enterobacter cloacae subsp. dissolvens
Enterobacter nimipressuralis
Enterobacter pyrinus

Erwinia

Erwinia alni

Erwinia amylovora .

Erwinia amylovora pv. pyri

Erwinia ananatis corrig.

Erwinia ananatis pv. ananatis

Erwinia ananas pv. uredovora

Erwinia cacticida

Erwinia cancerogena

Erwinia carnegieana

Erwinia carotovora

Erwinia carotovora pv. atroseptica
Erwinia carotovora pv. carotovora
Erwinia carotovora subsp. atroseptica
Erwinia carotovora subsp. carotovora
Erwinia carotovora subsp. betavasculorum
Erwinia carotovora subsp. odorifera
Erwinia carotovora subsp. wasabiae
Erwinia chrysanthemi

Erwinia chrysanthemi pv. chrysanthemi
Erwinia chrysanthemi pv.

Erwinia chrysanthemi pv. dieffenbachiae
Erwinia chrysanthemi pv. paradisiaca
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Erwinia chrysanthemi pv. parthenii
Erwinia chrysanthemi pv. zeae
Erwinia cypripedii

Erwinia dissolvens

Erwinia herbicola

Erwinia herbicola f. sp.
Erwinia herbicola pv. millettiae
Erwinia mallotivora

Erwinia nigrifluens

Erwinia nimipressuralis
Erwinia papayae

Erwinia proteamaculans
Erwinia persicina

Enterobacter pyrinus

Erwinia psidii

Erwinia pyrifoliae

Erwinia rhapontici

Erwinia rubrifaciens

Erwinia salicis

Erwinia stewartii

Erwinia tracheiphila

Erwinia uredovora

Ewingella

Ewingella americana
Gluconobacter Asai
Gluconobacter oxydans
Herbaspirillum

Herbaspirillum rubrisubalbicans
Janthinobacterium
Janthinobacterium agaricidamnosum
Leifsonia

Leifsonia cynodontis

Leifsonia xyli

Leifsonia xyli subsp. cynodontis
Leifsonia xyli subsp. xyli

Nocardia
Nocardia vaccinii

Pantoea

Pantoea agglomerans

Pantoea agglomerans pv. gypsophilae
Pantoea agglomerans pv. millettiae
Pantoea ananatis

Pantoea ananatis pv. ananatis
Pantoea ananatis pv. uredovora
Pantoea stewartii

Pantoea stewartii subsp. indologenes
Pantoea stewartii subsp. stewartii
Pectobacterium

Pectobacterium

Pectobacterium
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Pectobacterium cacticida corrig
Pectobacterium
Pectobacterium carotovorum

Pectobacterium carotovorum subsp.
atrosepticum

Pectobacterium carotovorum subsp.
betavasculorum

Pectobacterium carotovorum subsp.
brasiliensis

Pectobacterium carotovorum subsp.
carotovorum

Pectobacterium carotovorum subsp.
odoriferum

Pectobacterium carotovorum subsp. wasabiae
Pectobacterium chrysanthemi
Pectobacterium chrysanthemi pv.
chrysanthemi

Pectobacterium chrysanthemi pv. dianthicola
Pectobacterium chrysanthemi pv.
dieffenbachiae

Pectobacterium chrysanthemi pv. parthenii
Pectobacterium chrysanthemi pv. zeae
Pectobacterium cypripedii

Pectobacterium rhapontici

Pectobacterium wasabiae

Pseudomonas

Pseudomonas agarici

Pseudomonas amygdali
Pseudomonas andropogonis pv. andropogonis
Pseudomonas andropogonis pv. sojae
Pseudomonas andropogonis pv. stizolobii
Pseudomonas asplenii

Pseudomonas avellanae
Pseudomonas avenae

Pseudomonas avenae subsp. avenae
Pseudomonas avenae subsp. citrulli
Pseudomonas avenae subsp. konjaci
Pseudomonas beteli corrig.
Pseudomonas cannabina
Pseudomonas caricapapayae
Pseudomonas caryophylli
Pseudomonas cattleyae
Pseudomonas cepacia

Pseudomonas cichorii

Pseudomonas cissicola

Pseudomonas coronafaciens
Pseudomonas corrugata
Pseudomonas costantinii
Pseudomonas dodoneae
Pseudomonas ficuserectae
Pseudomonas flectens
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Pseudomonas fuscovaginae

Pseudomonas gingeri
Pseudomonas gladioli
Pseudomonas gladioli pv
Pseudomonas gladioli pv
Pseudomonas gladioli pv

. agaricicola
. alliicola
. gladioli

Pseudomonas glumae

Pseudomonas hibiscicola

Pseudomonas marginalis

Pseudomonas marginalis pv. alfalfae
Pseudomonas marginalis pv. marginalis
Pseudomonas marginalis pv. pastinacae
Pseudomonas mediterranea

Pseudomonas meliae

Pseudomonas palleroniana

Pseudomonas plantarii
Pseudomonas pomi

Pseudomonas pseudoalcaligenes subsp.

citrulli

Pseudomonas pseudoalcaligenes subsp.

konjaci

Pseudomonas rubrilineans

Pseudomonas rubrisubalbicans

Pseudomonas salomonii
Pseudomonas savastanoi

Pseudomonas savastanoi pv. fraxini
Pseudomonas savastanoi pv. glycinea
Pseudomonas savastanoi pv. nerii
Pseudomonas savastanoi pv. phaseolicola
Pseudomonas savastanoi pv. retacarpa
Pseudomonas savastanoi pv. savastanoi

Pseudomonas syringae

Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.

aceris
actinidiae
aesculi
alisalensis
antirrhini
apii
aptata

atropurpurea
avellanae

avii
berberidis
broussonetiae
castaneae
cerasicola
ciccaronei
coriandricola
coronafaciens
coryli
cunninghamiae
daphniphylli
delphinii
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Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syringae pv.
Pseudomonas syzygii
Pseudomonas tolaasii
Pseudomonas tremae
Pseudomonas viridiflava

Ralstonia

Ralstonia solanacearum
Ralstonia syzygii
Rathayibacter
Rathayibacter iranicus
Rathayibacter rathayi
Rathayibacter
Rathayibacter tritici
Rhizobacter

Rhizobacter dauci corrig.

Rhizobium
Rhizobium larrymoorei

dendropanacis
dysoxyli
eriobotryae
garcae
glycinea
helianthi

lapsa
maculicola

mori
MOrSprunorum .
myricae

papulans
passiflorae

philadelphi
photiniae
pisi

porri
primulae
rhaphiolepidis
ribicola
sesami
solidagae
spinaceae
syringae
tagetis
theae
tomato
ulmi
viburni
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Rhizobium radiobacter
Rhizobium rhizogenes
Rhizobium rubi
Rhizobium vitis

Rhodococcus
Rhodococcus fascians

Samsonia
Samsonia erythrinae

Serratia
Serratia marcescens
Serratia proteamaculans

Sphingomonas
Sphingomonas melonis Buonaurio
Sphingomonas suberifaciens

Spiroplasma
Spiroplasma citri

Spiroplasma kunkelii
Spiroplasma phoeniceum

Streptomyces

Streptomyces acidiscabies
Streptomyces albidoflavus
Streptomyces candidus
Streptomyces caviscabies
Streptomyces collinus
Streptomyces europaeiscabiei
Streptomyces intermedius
Streptomyces ipomoeae
Streptomyces luridiscabiei
Streptomyces niveiscabiei
Streptomyces puniciscabiei
Streptomyces reticuliscabei
Streptomyces scabiei corrig.
Streptomyces setonii
Streptomyces steliiscabiei
Streptomyces turgidiscabies
Streptomyces wedmorensis

Xanthomonas

Xanthomonas albilineans

Xanthomonas alfalfae

Xanthomonas alfalfae subsp. alfalfae
Xanthomonas alfalfae subsp. citrumelonis
Xanthomonas arboricola

Xanthomonas axonopodis

Xanthomonas bromi

Xanthomonas campestris

Xanthomonas cassavae
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Xanthomonas citri
Xanthomonas cucurbitae
Xanthomonas euvesicatoria
Xanthomonas fragariae
Xanthomonas fuscans
Xanthomonas fuscans
Xanthomonas gardneri
Xanthomonas hortorum
Xanthomonas hortorum
Xanthomonas hyacinthi
Xanthomonas oryzae
Xanthomonas populi
Xanthomonas sacchari
Xanthomonas theicola
Xanthomonas translucens
Xanthomonas vasicola

Xylella

Xylella fastidiosa
Xylophilus
Xylophilus ampelinus

‘Candidatus’ Plant Pathogenic Bacteria

*Candidatus Liberibacter’
‘Candidatus Liberibacter asiaticus’
‘Candidatus Phlomobacter’
‘Candidatus Phlomobacter fragariae’
‘Candidatus Phytoplasma’
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Table 7: Inventory of Predicted MDR Transporters from the RND (Pfam PF00873)
Superfamily Encoded in PsPto genome

NCBIID NCBI gene description Notes
RIND-type:
PSPTO_0375 | Cation efflux family protein
* AcrBlAcrDiAcrF family protein

PSPTO_0820
PSPTO_1308 | AcrB/AcrD¥AcrF family protein

PSPTO 2592 | Aliphatic isothiocyanate resistance protein SaxG; AcrB/ | Putative ortholog of P. aeruginosa
AcrDfAcrF family PAOL MexD

PSPTO_2755 | AcrBfAcrDVAcrF family protein
PSPTO_3100 | Aliphatic isothiocyanate resistance protein SaxF; AcrB/ | Putative ortholog of P, aernginosa

AcrD/AcrF family PAOT MexF
PSPTO_3302 | AcrB/AcrD/AcrF family protein
PSPTO 4304 | Isothiocyanate resistance protein SaxB Putative ortholog of P, aeruginesa
PAOT MexB

PSPTO_ 3191 | TpsC transporter

Table 8: Summary of log reduction in the pathogen Pto DC3000 load by the active GB™
compared with the control GB™ (see Example 1)

Experiment Average Reduction in | Percentage | Log Log
CFU/cm? | target (%) (CFU/ | reduction in
pathogen load | Reduction cm?) pathogen
(CFU/ cm?) in Pto (Pto DC3000)
DC3000 load*
load
Biological replicate-1
Pto DC3000 control 2 0E+05 _ -
Plant control GB™ 1 1.19E+05 - 5 -
Plant active GB™ 1 5.5E+03 1.14E+05 95 4 1.3
Biological replicate-2
Pto DC3000 control 1.6E+04 _ 4 -
Plant control GB™ 1 1.6E+04 - 4 -
Plant active GB™ 1 2. 7E+02 1.6E+04 98 2 1.8
Biological replicate-3
Pto DC3000 control 6.9E+04 - -
Plant control GB™ 1| 3. 0E+05 - 5 -
Plant active GB™ 1 2.9E+03 3.0E+05 99 3 2.0
Average log
reduction 1.7
Biological replicate-1
Pto DC3000 control 6.8F+04 _ 5 -
Plant control GB™ 2 3.2E+05 - 6 -
Plant active GB™ 2 1.4E+04 3.0E+03 96 4 1.4

Biological replicate 2
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Pto DC3000 control 4.6E+05 - 6 -
Plant control GB™ 2 9.0E+04 - 5 -
Plant active GB™ 2 7.2E+03 8.3E+04 92 4 1.1
Biological replicate 3
Pto DC3000 control 4.8E+05 _ 6 _
Plant control GB™ 2 7.2E+04 - 5 -
Plant active GB™ 2 6.3E+03 6.5E+04 91 4 1.1
Average log
reduction 1.2

Table 9: Durability of Anti-Bacterial Response Delivered by Conjugation

Experiment CFU/mL | CFU/mL | Percentage % kill active | Difference
Day 1 Day 7 (%) kill GB-Day 7 in % kill
active GB-
Day 1
Pfu 896 Guided Biotic vs. Pto
DC3000
Experiment 1
Pathogen only. Pto DC3000 8.05E+03 | 4.69E+05
Non Active Guided Biotic 2.06E+04 | 1.16E+05
Active Guided Biotic 2.49E+02 | 1.94E+03 98.8 98.3 -0.5
Experiment 2
Pathogen only. Pto DC3000 7.68E+02 | 1.57E+04
Non Active Guided Biotic 8.16E+02 | 6.34E+04
Active Guided Biotic# 3.26E+01 | 1.00E+00 96.0 100.0 4
Experiment 3
Pathogen only. Pto DC3000 7.40E+02 | 3.15E+05
Non-Active Guided Biotic 9.16E+04 | 1.16E+06
Active Guided Biotic 1.36E+02 | 1.08E+04 99.9 99.1 -0.8
Average % kill 0.9
Pfu 887 Guided Biotic vs.
Pto. DC3000
Experiment 1
Pathogen only. Pto DC3000 7.40E+02 | 3.15E+05
Non-Active Guided Biotic 2.57E+04 | 1.17E+06
Active Guided Biotic 1.80E+02 | 1.27E+04 99.3 98.9 -0.4
Experiment 2
Pathogen only. Pto DC3000 1.15E+04 | 1.96E+06
Non-Active Guided Biotic 9.17E+03 | 1.55E+05
Active Guided Biotic 6.38E+02 | 1.97E+03 93.0 98.7 57
Experiment 3
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Pathogen only. Pto DC3000 1.15E+04 | 1.96E+06

Non-Active Guided Biotic 1.48E+03 | 2.45E+05

Active Guided Biotic 3.15E+02 | 4.71E+03 78.8 98.1 19.3
Average % kill 8.2
Formula/key:

Percentage (%) kill by active GB= (CFU/mL of nonactive GB - CFU/mL of active GB)/CFU/mL of
nonactive GB*100

Difference in % killing =Percentage (%) kill active GB at Day 7- % kill active GB at Day 1)

Average % kill = Average of difference in % kill of triplicate experiments

# OE+0 changed to 1E+0 to calculate log CFU/mL

NUCLEOTIDE AND PROTEIN SEQUENCES

>PSPTO 0820 (SEQ ID NO: 1)
ATGAGCGAAGGTCGTTTCAACCTGTCAGTGCTGGCCGTGCGCGAGCGCTCGATCACCCTG
TTCCTGATTTGCCTGATTTCGCTGGCCGGGGTCATTGCCT
TITTCAAACTGGGCCGCGCCGAAGACCCGGCCTTCACGGTCAAGGTAATGACCGTGGTGT
CGGTCTGGCCGGGCGCAACCGCCCAGGAGATGCAGGATCA
GGTGGCGGAGAAGATCGAAAAGCGCCTTCAGGAACTGCGCTGGTACGACCGCACCGAAA
CCTACACGCGGCCTGGCATGGCATTCACAACCCTGACCCTG
CTCGACAGCACGCCGCCGTCGCAAGTGCCGGATGAGTTTTATCAGGCACGCAAGAAAAT
CGGTGACGAGGCCATGACGCTTCCGGCCGGGGTGATCGGGC
CGATGGTCAACGACGAGTATTCGGACGTTACTTTCGCGCTGTTCGCGCTCAAGGCCAAAG
GCGAGCCGCAGCGCGTGCTGGCACGTGACGCCGAATCGCT
GCGCCAGCGCCTGCTGCATGTGCCGGGCGTGAAGAAGGTCAACATCGTGGGCGAGCAGC
CCGAGCGCATCTACGTCGAGTTCTCCCACGAGCGACTGGCA
ACGCTGGGTATCAGCCCGCAAGAGGTATTTGCCGCGCTGAATAATCAGAATGCGCTTACC
CCGGCAGGCTCGGTCGAAACCCGTGGGCCGCAGGTGTTCA
TTCGGCTCGACGGCGCTTTCGATGAGCTGCAGAAGATCCGCGATACGCCGGTTGTGGCTC
AGGGCCGCACGCTGAAGCTGGCGGACATTGCCACGGTCAA
ACGCGGTTACGAAGACCCGGCAACGTTCATGATTCGCAACGGCGGCGAGCCGGCACTGT
TGCTGGGGATCGTCATGCGCGATGGCTGGAACGGGCTGGAC
CTTGGAAAGGCGCTGGATCATGAGGTGGGCGCGATCAACGCCGAGCTGCCCTTGGGCAT

133



WO 2022/096703 PCT/EP2021/080876

GAGCCTGAACAAGGTCACGGACCAGGCCGTCAACATCAGTT
CGGCGGTCGATGAGTTCATGATCAAGTTTTTCGTCGCATTGCTGGTGGTCATGCTGGTCT
GCTTTATCAGCATGGGCTGGCGTGTGGGCGTTGTGGTGGC
TGCCGCCGTACCGCTGACCCTGGCGGTGGTCTTCGTGATCATGGCCATGAGCGGCAAGAA
TITTCGACCGCATTACATTGGGTTCACTGATTCTGGCGCTC
GGGCTGCTGGTCGACGACGCGATCATCGCCATCGAAATGATGGTGGTGAAGATGGAAGA
AGGTTACGACCGCATCGCGGCCTCTGCGTACGCCTGGAGCC
ACACCGCCGCGCCCATGTTATCCGGCACCCTGGTCACCGCTGTCGGCTTCATGCCCAACG
GTTTTGCGCGCTCCACGGCAGGCGAATACACCAGCAACAT
GTTCTGGATCGTCGGTATCGCGCTGATTGCCTCATGGGTGGTCGCGGTGTTTTTCACACCG
TATCTGGGCGTGAAACTGTTGCCTGAGGTGAAGCAGGTC
GAAGGCGGACATGCAACGCTTTACGACACCCCACGCTACAACCGTTTCCGCCGGGTTCTG
GCACGCGTCATTGCAGGCAAGTGGCTGGTCGCAGGTTCGG
TCATCGGGTTGTTCGTCCTGGCAGTGCTGGGCATGGGGCTGGTCAAGAAACAGTTTTTTC
CGGTGTCCGACCGCCCAGAGGTGCTGGTCGAACTGCAGAT
GCCTTACGGCACCTCGATTGCTCAAACCAGCGCGGCCGCGGCCAAAGTGGAAAGCTGGC
TGGCCGAGCAGGCAGAAGCCGGGATCGTCACCGCCTACATT
GGCCAGGGCGCGCCACGTTTCTACATGGCGATGGGGCCGGAATTACCTGACCCGTCATIT
GCCAAGATCGTGGTGCGCACCGACAGCCAGGAACAGCGCG
AGACACTGAAACACCGCTTGCGTCAGGCTATTTCCGAAGGGCTGGCTGGCGAGGCGCAA
GTGCGCGTCACGCAACTGGTCTTCGGCCCGTATTCACCCTA
CCCGGTCGCCTACCGCGTTACTGGCCATGACCCGGACACACTGCGCAGCATTGCGGCGCA
GGTGCAACAGGTGCTGAGCGCCAGCCCGATGATGCGCACC
GTCAATACTGACTGGGGCACGCGCACCCCAACGCTGCATTTCACCTTGCAACAGGACCG
GATGCAGGCCATCGGGTTGAGTTCCAGCCAGGTCGCGCAAC
AATTGCAGTTCCTGCTGACCGGCCTGCCGGTTACGGCGGTGCGCGAGGACATTCGCACCG
TGCAGGTGGTTGCCCGCTCGGCTGGCGACACCCGACTGGA
TCCGGCAAAAATCATGGACTTCACCCTCACAGGCGTCGATGGGCAACGTGTTCCGCTGTC
GCAGATCGGTGCAGTCGATGTGCGCATGGAAGAGCCGGTC
ATGCGCCGGCGCGACCGCACGCCAACCATCACCGTACGGGGCGACATCGCCGACGGCCT
GCAACCGCCAGATGTATCGACGGCCATTACCCGGCAGTTGC
AGCCCATCATCGACACGCTGCCCAGTGGCTATCGGATCGATCAGGCAGGTTCAATCGAG
GAATCCGGCAAGGCAATGGCGGCGATGTTGCCACTGTTCCC
GATCATGCTGGCGGTCACGCTGATCATCCTGATTCTGCAGGTGCGTTCGATATCGGCCAT
GGTCATGGTGTTTCTGACCAGCCCGCTGGGGCTGATCGGT
GTGGTGCCTACGCTGATCCTCTTTCAGCAGCCCTTCGGCATCAATGCACTGGTCGGGCTG
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ATCGCACTGTCCGGCATTCTGATGCGCAACACGCTGATCC
TGATCGGCCAGATCCACCACAATGAACAGGCGGGGCTCGACCCGTTTCAGGCCGTGGTC
GAAGCCACCGTACAACGTGCGCGCCCGGTGATACTGACAGC
GCTGGCCGCCATTCTGGCGTTTATCCCCCTCACCCATTCGGTGTTCTGGGGCACGCTGGCC
TACACGCTGATCGGCGGCACATTCGCCGGTACGGTGCTG
ACCCTGGTGTTTCTGCCGGCAATGTACTCGATCTGGTTCAGGATCAGGCCCGATGGCAAC
GAGCGGCCGCAAGGCGGTCATTCCTTGTCCACAGGTAAAG GGGTGAGCTAG

>AcrB/AcrD/AcrF family protein (encoded by PSPTO_0820) (SEQ ID NO: 2)
MSEGRFNLSVLAVRERSITLFLICLISLAGVIAFFKLGRAEDPAFTVKVMTVVSVWPGATAQE

MQDQVAEKIEKRLQELRWYDRTETY TRPGMAFTTLTLLDSTPPSQVPDEFYQARKKIGDEA
MTLPAGVIGPMVNDEYSDVTFALFALKAKGEPQRVLARDAESLRQRLLHVPGVKKVNIVGE
QPERIY VEFSHERLATLGISPQEVFAALNNQNALTPAGSVETRGPQVFIRLDGAFDELQKIRDT
PVVAQGRTLKLADIATVKRGYEDPATFMIRNGGEPALLLGIVMRDGWNGLDLGKALDHEVG
AINAELPLGMSLNKVTDQAVNISSAVDEFMIKFFVALLVVMLVCFISMGWRVGVVVAAAVP
LTLAVVFVIMAMSGKNFDRITLGSLILALGLLVDDAIIAIEMMVVKMEEGYDRIAASAYAWS
HTAAPMLSGTLVTAVGFMPNGFARSTAGEY TSNMFWIVGIALIASWVVAVFFTPYLGVKLLP
EVKQVEGGHATLYDTPRYNRFRRVLARVIAGKWLVAGSVIGLFVLAVLGMGLVKKQFFPVS
DRPEVLVELQMPYGTSIAQTSAAAAKVESWLAEQAEAGIVTAYIGQGAPRFY MAMGPELPD
PSFAKIVVRTDSQEQRETLKHRLRQAISEGLAGEAQVRVTQLVFGPYSPYPVAYRVTGHDPD
TLRSIAAQVQQVLSASPMMRTVNTDWGTRTPTLHFTLQQDRMQAIGLSSSQVAQQLQFLLT
GLPVTAVREDIRTVQVVARSAGDTRLDPAKIMDFTLTGVDGQRVPLSQIGAVDVRMEEPVM
RRRDRTPTITVRGDIADGLQPPDVSTAITRQLQPIIDTLPSGYRIDQAGSIEESGKAMAAMLPLF
PIMLAVTLIILILQVRSISAMVMVFLTSPLGLIGVVPTLILFQQPFGINALVGLIALSGILMRNTLI
LIGQIHHNEQAGLDPFQAVVEATVQRARPVILTALAAILAFIPLTHSVFWGTLAYTLIGGTFAG
TVLTLVFLPAMY SIWFRIRPDGNERPQGGHSLSTGKGVS

>PSPTO_4977 (SEQ 1D NO: 3)
ATGTTGCGCAAACTTTCGTTGGTCGTGGCTGTTTCGTTGGCGTCCAGCGGACTGACCTGG
GCTGCCGACTTGCCGCTGCCAACCAAAACCGGTCTGTTGA
ATGTGTATCAGCAGGCGGTAGACAACAACGCCGACCTCGCGGCCTCGCGTGCCGATTAC
GATGCCCGCAAGGAAGCCGTGCCACAGGCCCGAGCCGGCCT
GCTGCCGAATATTTCCGGCAGTGTCCAGAACACCAACACCCGCACCAGCATCGACCGCC
CCAGCGCCATGGCGACCCGCAGCGGCACGGTTTATCAGGCC
ACCCTGAGCCAGCCGATCTTTCGCGCCGACCGCTGGTTCCAGTTGCAGGCTGCCGAAGCG
GTCAACGAACAGGCCGCGCTGGAACTGTCGGCCACCGAGC
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AGAACCTGATCCTGCAATCGGCGCAGAGCTATTTCAGTGTGTTGCGCGCGCAGGACAATC
TGGCCTCGACCAAGGCTGAGGAAGCGGCGTTCAAACGCCA
GCTCGATCAGGCCAACGAACGCTTCGATGTCGGTCTGTCAGACAAGACCGATGTGCTGC
AGGCCCAGGCCAGCTACGACACCTCGCGCGCCAGCCGGCTG
ATCGCCAGGCGTCAGGTGGACGATGCCTTTCAGGCGCTGGTGACCCTGACCAATCGCGA
ATACAACTCCATCGAAGGCATCGTGCACACCTTGCCGGTGC
TGGCACCAACGCCCAACGACGCCAAGGCCTGGGTGGATACGGCAGCGCAACAAAACCTC
AACCTGCTGGCCAGCAACTACGCCGTCAGCGCTGCCGAAGA
AACCCTGCGCCAGCGCAAGGCCGGGCACGCGCCCACCCTTGATGCCGTGGCGACTTACC
AGCGTGGCGACAACGATGCATTGGGTTTCAACAACCCCAAC
TACACCGGGCAAAATTACGGCGGCGACGTCGAGCAACGCAGCATTGGCGTGCAGTTGAA
TATCCCGATCTACAGCGGCGGCCTGACCAGTTCACAGGTGC
GTGAGGCTTATTCGCGCCTGAGCCAGAGCGAGCAGCGCCGCGAAAGCCTGCGACGTCAG
GTGGTGGAAAACACCCGTAACCTGCACCGTGCGGTGAACAC
TGATGTCGAGCAGGTTCAGGCGCGCAAACAGTCGATCATCTCCAACCAGAGTGCGCTGG
AAGCCACGGAAATCGGCTATCAGGTCGGCACCCGCAACATC
GTCGATGTGCTGGACGCCCAGCGTCAGTTGTATGCCTCGGTGCGTGACTACAACAACACG
CGCTATGACTACATCCTCGACAACCTGCGCCTCAAGCAGG
CAGCGGGCACCCTGAACCCGGGCGACTTGCAGGACCTGTCACGCTACCTCAAACCGGAC
TACAACCCGGACAAGGACTTCCTGCCGCCGGATTTGGCGAC
TGCAGCGCAGAAGAATTTCGAGCGGCCGGCGCAGCGCTGA

>Quter membrane efflux protein TolC (encoded by PSPTO_4977) (SEQ ID NO: 4)
MLRKLSLVVAVSLASSGLTWAADLPLPTKTGLLNVYQQAVDNNADLAASRADYDARKEAV
PQARAGLLPNISGSVQNTNTRTSIDRPSAVATRSGTVY QATLSQPIFRADRWFQLQAAEAVNE
QAALELSATEQNLILQSAQSYFSVLRAQDNLASTKAEEAAFKRQLDQANERFDVGLSDKTDV
LQAQASYDTSRASRLIARRQVDDAFQALVTLTNREYNSIEGIVHTLPVLAPTPNDAKAWVDT
AAQQNLNLLASNYAVSAAEETLRQRKAGHAPTLDAVATY QRGDNDALGFNNPNYTGQNYG
GDVEQRSIGVQLNIPTYSGGLTSSQVREAYSRLSQSEQRRESLRRQVVENTRNLHRAVNTDVE
QVQARKQSIISNQSALEATEIGYQVGTRNIVDVLDAQRQLYASVRDYNNTRYDYILDNLRLK
QAAGTLNPGDLQDLSRYLKPDYNPDKDFLPPDLATAAQKNFERPAQR




WO 2022/096703 PCT/EP2021/080876

CLAIMS:

1. A method of killing a bacterial target cell, the cell comprising at least one Resistance-Nodulation-
Cell Division (RND)-efflux pump, the method comprising contacting the target cell with a carrier
bacterial cell, wherein the carrier cell comprises a conjugative plasmid, the plasmid encoding an
antibacterial agent that is toxic to the target cell, wherein the carrier cell conjugates to the target
cell and the plasmid is transferred into the target cell, wherein the agent is expressed in the target

cell and the target cell is killed.

2. The method of claim 1, wherein the agent comprises a CRISPR/Cas system or component thereof.

3. The method of claim 2, wherein the agent is a crRNA or guide RNA that guides a Cas nuclease in
the target cell to a target protospacer sequence, wherein the Cas cuts the target sequence and the

target cell is killed.

4. The method of claim 3, wherein the target sequence is a chromosomal sequence of the target cell.

5. The method of any preceding claim, wherein the plasmid encodes a or said Cas nuclease,

optionally a Cas9, Cas3 or Cpfl.

6. The method of any preceding claim, wherein the target cell comprises an RND efflux pump of a

strain selected from

(1) Azotobacter chroococcum NCIMB 8003, Azotobacter chroococcum strain B3,
Azotobacter salinestris strain KACC 13899, Burkholderia ambifaria MC40-6,
Burkholderia cenocepacia AU 1054 chromosome 1, Burkholderia cenocepacia HI2424
chromosome 3, Burkholderia cenocepacia MCO0-3, Burkholderia cenocepacia strain
CR318 chromosome 3, Burkholderia cenocepacia strain FDAARGOS 720, Burkholderia
lata strain AO5, Burkholderia pyrrocinia strain mHSRS5, Cupriavidus basilensis strain
4G11, Cupriavidus necator N-1 plasmid pBB1, Cupriavidus taiwanensis STM 3679,
Lysobacter gummosus strain 3.2.11, Paraburkholderia sprentiac WSM5005,
Paraburkholderia terricola strain mHS 1, Ralstonia pseudosolanacearum strain
CRMRs218, Ralstonia solanacearum strain UA-1591, Variovorax paradoxus S110,

Variovorax sp. PBL-H6, Xanthomonas arboricola pv. juglandis strain Xaj 417,
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Xanthomonas arboricola pv. pruni strain 15-088, Xanthomonas arboricola strain 17,
Xanthomonas axonopodis pv. dieffenbachiac LMG 695, Xanthomonas axonopodis pv.
phaseoli strain ISO18C8, Xanthomonas axonopodis pv. phaseoli strain ISO98C12,
Xanthomonas campestris pv. campestris MAFF302021, Xanthomonas citri pv. glycines
strain 2098, Xanthomonas euvesicatoria strain LMG930, Xanthomonas perforans strain
LH3 and Xanthomonas sp. ISO98C4, which strains have NCBI Accession Numbers
respectively of CP010415.1, CP011835.1, CP045302.1, CP001027.1, CP000378.1,
CP000460.1, CP000960.1, CP017240.1, CP050980.1, CP024945.1, CP024903.1,
CP010537.1, CP002879.1, LT984803.1, CP011131.1, CP017561.1, CP024941.1,
CP021764.1, CP034195.1, CP001636.1, LR594659.1, CP012251.1, CP044334 1,
CP011256.1, CP014347.1, CP012063.1, CP012057.1, AP019684.1, CP041965.1,
CP018467.1, CP018475.1 and CP012060.1, or an orthologue or homologue of such a

pump;

(i1) Pseudomonas acruginosa strain: IOMTU 133, Pseudomonas acruginosa DSM 50071,
Pseudomonas aeruginosa genome assembly NCTC10332, Pseudomonas aeruginosa
isolate BIOW, Pseudomonas acruginosa isolate PA 140r, Pseudomonas acruginosa
NCGM2 .S1, Pseudomonas acruginosa PAK, Pscudomonas acruginosa strain 243931,
Pseudomonas aeruginosa strain 24Pae112 | Pseudomonas acruginosa strain 268,
Pscudomonas acruginosa strain 60503, Pscudomonas acruginosa strain AR_0095,
Pseudomonas aeruginosa strain AR 0353, Pseudomonas acruginosa strain AR 0354,
Pseudomonas acruginosa strain AR 455, Pseudomonas acruginosa strain BAMCPAO07-
48, Pseudomonas acruginosa strain CCUG 51971, Pseudomonas aeruginosa strain E90,
Pseudomonas acruginosa strain FDAARGOS 571, Pseudomonas aeruginosa strain
GIMC5002:PAT-169, Pseudomonas aeruginosa strain H26023, Pseudomonas acruginosa
strain L 10, Pseudomonas acruginosa strain M1608, Pseudomonas acruginosa strain
M37351, Pseudomonas aeruginosa strain MRSN 12280, Pseudomonas aeruginosa strain
NCTC13715, Pseudomonas acruginosa strain Pa58, Pscudomonas acruginosa strain
PABLO048, Pseudomonas acruginosa strain PAK, Pseudomonas aeruginosa strain
PASGNDM345, Pseudomonas acruginosa strain PASGNDM699, Pseudomonas
aeruginosa strain PA-VAP-3, Pseudomonas acruginosa strain PB368, Pseudomonas
acruginosa strain PB369, Pseudomonas acruginosa strain S04 90, Pscudomonas
acruginosa strain ST773 Pscudomonas acruginosa strain T2436, Psecudomonas acruginosa
strain W60856, Pseudomonas acruginosa strain WPB099, Pseudomonas aeruginosa strain
WPB100, Pseudomonas acruginosa strain WPB101, Pseudomonas acruginosa UCBPP-
PA 14, Pseudomonas acruginosa UCBPP-PA 14, Pseudomonas acruginosa VRFPA04,

Pscudomonas amygdali pv. lachrymans str. M301315, Pseudomonas amygdali pv.
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lachrymans strain NM002, Pseudomonas amygdali pv. morsprunorum strain R15244,
Pscudomonas amygdali pv. tabaci str. ATCC 11528, Pseudomonas avellanae strain
R2leaf, Pseudomonas coronafaciens pv. coronafaciens strain B19001, Pseudomonas
coronafaciens pv. oryzae str. 1_6, Pseudomonas coronafaciens strain X-1, Pseudomonas
otitidis MrB4, Pseudomonas salegens strain CECT 8338, Pseudomonas savastanoi pv.
phaseolicola 1448A, Pseudomonas savastanoi pv. savastanoi NCPPB 3335, Pseudomonas
sp. KBS0707, Pseudomonas sp. LPH1, Pseudomonas syringac CC1557, Pseudomonas
syringae group genomosp. 3 isolate CFBP6411, Pseudomonas syringac isolate
CFBP3840, Pseudomonas syringae pv. actinidiac ICMP 18708, Pseudomonas syringae
pv. actinidiac ICMP 18884, Pseudomonas syringae pv. actinidiac ICMP 9853,
Pseudomonas syringae pv. actinidiae str. Shaanxi_M228, Pseudomonas syringae pv.
actinidiae strain CRAFRU 12.29, Pseudomonas syringae pv. actinidiae strain CRAFRU
14.08, Pseudomonas syringae pv. actinidiae strain MAFF212063, Pseudomonas syringae
pv. actinidiae strain NZ-45, Pseudomonas syringae pv. actinidiae strain NZ-47,
Pseudomonas syringae pv. actinidiae strain P155, Pseudomonas syringae pv. avii isolate
CFBP3846, Pseudomonas syringae pv. cerasicola isolate CFBP6109, Pseudomonas
syringae pv. maculicola str. ES4326, Pseudomonas syringae pv. tomato str. DC3000,
Pseudomonas syringae pv. tomato strain B13-200, Pseudomonas syringae pv. tomato
strain delta IV/IX, Pseudomonas syringae pv. tomato strain delta VI, Pseudomonas
syringae pv. tomato strain delta X, Pseudomonas syringae strain CFBP 2116 and
Pscudomonas syringae strain Ps25, which strains have NCBI Accession Numbers
respectively of AP017302.1, CP012001.1, LN831024.1, CP017969.1, LT608330.1,
AP012280.1, CP020659.1, CP041772.1, CP029605.1, CP032761.1, CP041774.1,
CP027538.1, CP027172.1, CP027171.1, CP030328.1, CP015377.1, CP043328.1,
CP044006.1, CP033833.1, CP043549.1, CP033685.1, CP019338.1, CP008862.2,
CP008863.1, CP028162.1, LR134330.1, CP021775.1, CP039293.1, LR657304.1,
CP020703.1, CP020704.1, CP028330.1, CP025050.1, CP025049.1, CP011369.1,
CP041945.1, CP039988.1, CP008864.2, CP031878.1, CP031877.1, CP031876.1,
CP034244.1, CP000438.1, CP008739.2, CP031225.1, CP020351.1, CP026558.1,
CP042804.1, CP026562.1, CP046441.1, CP046035.1, CP050260.1, AP022642.1,
LT629787.1, CP000058.1, CP008742.1, CP041754.1, CP017290.1, CP007014.1,
LT963408.1, LT963409.1, CP012179.1, CP011972.2, CP018202.1, CP032631.1,
CP019730.1, CP019732.1, CP024712.1, CP017007.1, CP017009.1, CP032871.1,
LT963402.1, LT963391.1, CP047260.1, AE016853.1, CP019871.1, CP047072.1,
CP047071.1, CP047073.1, LT985192.1 and CP034558.1, or an orthologue or homologue

of such a pump;
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(iii)

(iv)

Stenotrophomonas rhizophila strain GA1, Enterococcus faecalis strain V583 and
Paucimonas lemoignei strain NCTC10937, which strains have NCBI Accession Numbers
respectively CP031729.1, CP022312.1 and LS483371.1, or an orthologue or homologue

of such a pump; or

Pseudomonas amygdali pv. lachrymans strain NM002, Pseudomonas amygdali pv.
morsprunorum strain R15244, Pscudomonas amygdali pv. tabaci str. ATCC 11528,
Pseudomonas asturiensis strain CC1524, Pscudomonas avellanae strain R2, Pscudomonas
cerasi isolate PL963, Pseudomonas chlororaphis strain PCL1606, Pseudomonas
chlororaphis subsp. aurantiaca strain JD37, Pseudomonas chlororaphis subsp.
aurcofaciens strain ChPhzTR36, Pseudomonas chlororaphis subsp. chlororaphis strain
DSM 50083, Pseudomonas chlororaphis subsp. piscium strain DSM 21509, Pseudomonas
cichorii JBC1, Pseudomonas coronafaciens pv. coronafaciens strain B19001,
Pseudomonas putida GB-1 chromosome, Pseudomonas savastanoi pv. phaseolicola
1448A, Pseudomonas sp. 09C 129, Pseudomonas syringac CC1557, Pseudomonas
syringae pv. actinidiae ICMP 18708, Pseudomonas syringae pv. cerasicola isolate
CFBP6109, Pseudomonas syringae pv. lapsa strain ATCC 10859, Pseudomonas syringae
pv. maculicola str. ES4326, Pscudomonas syringae pv. pisi str. PP1, Pscudomonas
syringae pv. syringaec B301D, Pseudomonas syringae pv. syringae B301D, Pseudomonas
syringac UMAFO0158 and Pscudomonas viridiflava strain CFBP 1590, which strains have
NCBI Accession Numbers respectively of CP020351.1, CP026558.1, CP042804.1,
CP047265.1, CP026562.1, LT963395.1, CP011110.1, CP009290.1, CP027721.1,
CP027712.1, CP027707.1, CP007039.1, CP046441.1, CP000926.1, CP000058.1,
CP025261.1, CP007014.1, CP012179.1, LT963391.1, CP013183.1, CP047260.1,
CP034078.1, CP005969.1, AE016853.1, CP005970.1 and LT855380.1, or an orthologue

or homologue of such a pump.

7. The method of any preceding claim, wherein the efflux pump comprises a protein produced by a

strain listed in claim 6.

8. The method of any preceding claim, wherein the efflux pump comprises a protein encoded by a

Pseudomonas syringae gene selected from PSPTO 0820, PSPTO_4977, PSPTO_02375,
PSPTO 1308, PSPTO 2592, PSPTO 2755, PSPTO 3100, PSPTO 3302, PSPTO 430 or
PSPTO_5191, or an orthologue or homologue thereof.
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9. The method of any preceding claim, wherein the efflux pump comprises a protein encoded by

(a) Pseudomonas syringae PSPTO_0820 or PSPTO_4977 gene or an orthologue or

homologue thereof; or

(b) A nucleotide sequence selected from SEQ ID NO: 1 and 3, or a nucleotide sequence that
is at least 70% identical to SEQ ID NO: 1 or 3.

10. The method of any one of claims 1 to 7, wherein the efflux pump is a Mex efflux pump
(optionally a MexAB-OprM efflux pump, MexCD-Opr] efflux pump, MexEF-OprN efflux pump
or MexXY efflux pump), AdeABC efflux pump, AcrAD-TolC efflux pump, AcrAB-TolC efflux
pump, AcrABZ-TolC efflux pump, AcrA efflux pump, ArcB efflux pump, AcrC efflux pump,
AcrD efflux pump, AcrAB efflux pump, AcrEF efflux pump, AcrF efflux pump, CmeABC efflux
pump, VexB efflux pump , VexD efflux pump, VexK efflux pump, ade ABC efflux pump, adelJK
efflux pump, MdsABC efflux pump or MdtABC efflux pump.

11. The method of any preceding claim, wherein the carrier cell is a Pseudomonas cell, optionally a P

fluorescens cell.

12. The method of any preceding claim, wherein the carrier cell comprises a Chitinase class 1

exoenzyme and/or the carrier cell genome encodes a Chitinase class I exoenzyme.

13. The method of any preceding claim, wherein the carrier cell comprises a pepl gene.

14. The method of any preceding claim, wherein the carrier cell is a motile bacterial cell.

15. The method of any preceding claim, wherein the target cell is a Pseudomonas (optionally a P
fluorescens or P aeruginosa) cell, Erwinia (optionally E carotovora), Xanthomonas,
Agrobcaterium, Burkholdi, Clavibacterium, Enterobacteria, Pantoae, Pectobacterium (eg, P
atrosepticum), Rhizobium, Streptomyces (eg, S scabies), Xylella (eg, X fastidiosa), Candidatus
(eg, C liberibacter), Phytoplasma, Ralstonia (eg, R solanacearum), or Dickeya (eg, D dadantii)

cell.

141



16.

17.

18.

19.

20.

21.

22.

23.

24,

WO 2022/096703 PCT/EP2021/080876

The method of any preceding claim, wherein the method is carried out in vitro or ex vivo.

The method of any preceding claim, wherein the target cell is comprised by
(a) a plant microbiome,
(b) an animal or human microbiome; or

(c) asoil, manure, food or beverage microbiome.

The method of claim 17(a), wherein the cell is comprised by a plant leaf, stem, root, seed, bulb,

flower or fruit microbiome.

The method of any preceding claim, wherein the target cell is a cell of a species found in soil.

The method of any preceding claim, wherein the method is carried out using a first cell population
comprising a plurality of carrier cells that are contacted with a second cell population comprising
a plurality of target cells, wherein copies of said plasmid are conjugatively transferred from

carrier cells into target cells, whereby some or all of the cells of the second population are killed.

The method of claim 20, wherein at least 90% of the target cells are killed.

A method of increasing the biomass of a plant or part thereof, the method comprising carrying out
the method of claim 20 or 21, wherein the plant comprises said target cells (optionally on leaves
and/or stems thereof or comprised by the apoplast of the plant), whereby target cells are killed and

said biomass is increased.

The method of claim 22, wherein leaf, fruit, ear, seed, grain, head, pod, stem, trunk, tuber and/or

root biomass is increased.

A method of promoting germination of a plant seed, the method comprising carrying out the
method of claim 20 or 21, wherein the plant seed comprises said target cells, whereby target cells

are killed and germination is promoted.
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25. A method of increasing leaf chlorophyll production in a plant, the method comprising carrying
out the method of claim 20 or 21, wherein the plant comprises said target cells (optionally on
leaves and/or stems thereof, or comprised by the apoplast of the plant), whereby target cells are

killed and chlorophyll is increased in the plant.

26. A method for reducing a biofilm comprised by a subject or comprised on a surface, wherein the
biofilm comprises target cells, wherein the method comprises carrying out the method of claim 20
or 21, thereby killing the target cells in the biofilm or reducing the growth or proliferation of

target cells, optionally wherein the method is carried out ex vivo or in vitro.

27. The method of Claim 26, wherein the subject is a human or animal, optionally wherein the surface

is a lung surface.

28. The method of Claim 26 wherein the subject is a plant, optionally wherein the biofilm is

comprised by a leaf, trunk, root or stem of the plant.

29. The method of Claim 26, wherein the surface is comprised by a domestic or industrial apparatus

or container.

30. A carrier bacterial cell for use in a method of killing a bacterial target cell according to any
preceding claim, wherein the carrier cell comprises a conjugative plasmid, the plasmid encoding
an antibacterial agent that is toxic in the target cell, wherein the carrier cell is capable of
conjugating to the target cell wherein the plasmid is transferred into the target cell, wherein the

agent is expressed in the target cell and the target cell is killed.

31. The carrier cell of claim 30, wherein the carrier cell and/or the target cell is according any one of

claims 1 to 29.

32. A pharmaceutical composition comprising a plurality of carrier cells of claim 30 or 31 for
administration to a human or animal subject for killing a plurality of bacterial target cells

comprised by the subject, wherein each target cell comprises at least one Resistance-Nodulation-
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Cell Division (RND)-efflux pump whereby each target cell is an antibiotic resistant cell, wherein
plasmids encoding the antibacterial agent are introduced from carrier cells into target cells by
conjugation and said antibacterial agent is produced in target cells, whereby target cells are killed

and an antibiotic resistant infection of bacterial target cells is treated or prevented in the subject.

The composition of claim 32, wherein at least 90% of said target cells are killed.

A method of treating or preventing a disease or condition in a plant, the method comprising
contacting the plant (eg, one or more stems and/or one or more leaves of the plant) with a
composition comprising a plurality of carrier cells of claim 30 or 31, wherein the plant comprises
target bacterial cells that mediate the disease or condition, wherein each target cell comprises at
least one Resistance-Nodulation-Cell Division (RND)-efflux pump, wherein plasmids encoding
the antibacterial agent are introduced from carrier cells into target cells by conjugation and said
antibacterial agent is produced in target cells, whereby target cells are killed and the disease or

condition is treated or prevented.

Use of a carrier cell of claim 30 or 31 in the manufacture of a composition, for killing a bacterial
target cell ex vivo or wherein the target cell is not comprised by a human or animal (eg, the target
cell is comprised by a plant or soil), wherein the target cell comprises at least one Resistance-
Nodulation-Cell Division (RND)-efflux pump, wherein the target cell is contacted with the carrier
cell and the carrier cell conjugates to the target cell, whereby the plasmid is introduced into the
target cell, wherein the antibacterial agent is expressed in the target cell and the target cell is
killed.

The use of claim 35, wherein the carrier cell and/or the target cell is according any one of claims 1

to 29.

The use of claim 35 or 36, wherein the use comprises using a plurality of said carrier cells to kill a

plurality of said target cells, wherein the use is for killing at least 90% of the target cells.
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38. The use of claim 35, 36 or 37, wherein the use comprises using a plurality of said carrier cells to
kill a plurality of said target cells, wherein the target cells are comprised by a plant or plant

environment (eg, soil) and the killing

a) increases (or is for increasing) the biomass of the plant or part thereof (eg, leaf, fruit, ear,

seed, grain, head, pod, stem, trunk, tuber and/or root biomass is increased);
b) promotes (or is for promoting) germination of one or more seeds of the plant;
¢) increases (or is for increasing) the amount of leaf chlorophyll of the plant; and/or

d) reduces (or is for reducing) a biofilm comprised by the plant, wherein the biofilm comprises

target cells (eg, Pseudomonas cells).
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