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PRODUCTS, USES & METHODS

TECHNICAL FIELD
[0001] The invention relates to the production and use of Cas-encoding sequences and vectors
comprising these. Aspects of the invention provide products, vectors, delivery vehicles, uses and

methods for producing Cas-encoding sequences in bacterial or archaeal cells.

BACKGROUND

[0002] The state of the art describes vectors and uses of these that employ CRISPR/Cas systems. For
example, reference is made to W0O2017/118598, US20180140698, US20170246221,
US20180273940, US20160115488, US20180179547, US20170175142, US20160024510,
US20150064138, US20170022499, US20160345578, US20180155729, US20180200342,
WO02017112620, W02018081502, PCT/EP2018/066954, PCT/EP2018/066980, PCT/EP2018/071454
and USSN 15/985,658 and equivalent publications by the US Patent and Trademark Office (USPTO)

or WIPO, the disclosures of which are incorporated herein by reference.

SUMMARY OF THE INVENTION

[0003] The invention provides the following configurations.

[0004] In a First Configuration

A nucleic acid vector for introduction into a host cell, the vector comprising a first nucleotide
sequence encoding a Type I Cas3 and a second nucleotide sequence encoding one or more Cascade
proteins, wherein the first and second sequences are under the control of one or more promoters

comprised by the vector for expression of the proteins in the cell.

In an example, the vector comprises an operon for expression in the cell of the Cas3 and Cascade
proteins from a Cas module, the module comprising the nucleotide sequences encoding the Cas3 and
Cascade proteins, and the operon comprising the Cas module under the control of a promoter for

controlling the expression of both the Cas3 and Cascade proteins.

The invention also provides a delivery vehicle comprising the vector, as well as a pharmaceutical
composition comprising the vector or vehicle and a pharmaceutically acceptable diluent, excipient or

carrier.

The invention also provides a method of treating or reducing the risk of a disease or condition in a
human or animal subject, the method comprising administering the vector, vehicle or compostion to

the subject, and introducing the vector into target host bacterial or archaeal cells in the subject (eg, in
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a gut microbiota, lung, eye or blood of the subject), wherein the Cas cuts (or otherwise modifies) one
or more target sequences in the target cells and the cells are killed or growth or proliferation of the

cells is reduced.

[0005] In a Second Configuration
A method of amplifying copies of a DNA encoding a functional Cas protein (optionally a Cas
nuclease) in a bacterial or archaeal production strain of cells, the method comprising
(a) Providing production strain cells, each cell comprising a copy of said DNA, wherein each
DNA comprises a nucleotide sequence encoding said Cas, wherein the nucleotide
sequence is under the control of a promoter for controlling the expression of the Cas in
the production strain cell, the DNA comprising an origin of replication that is operable in
the cell for replication of the DNA;
(b) Culturing the cells to allow replication of the DNA, whereby the DNA is amplified; and
(c) Optionally isolating copies of the DNA,

Optionally wherein the promoter is an attenuated constitutive promoter.

[0006] In a third Configuration

Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby amplifying
the DNA in the cells, for enhancing the yield of amplified DNA produced by the production host

cells.

[0007] In a fourth Configuration

Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby amplifying

the DNA in the cells, for reducing toxicity of the Cas in the production strain.

[0008] In a fifth Configuration

Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby amplifying
the DNA in the cells, for reducing mutation of the DNA (optionally the Cas-encoding sequence) in the
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production strain.

[0009] In a sixth Configuration

Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby amplifying
the DNA in the cells, for promoting production cell viability during the amplification of the DNA.

[00010]In a seventh Configuration

Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby amplifying
the DNA in the cells, for reducing the occurrence of Cas cutting of DNA.

[00011]In an eighth Configuration

A method for enhancing the yield of amplified copies of a DNA construct in a population of bacterial
or archaeal production strain cells, wherein the construct comprises a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of a promoter, the method
comprising culturing the cells to allow replication of the DNA thereby amplifying the DNA in the

cells, wherein the promoter is an attenuated promoter.

[00012]In a ninth Configuration

A method for reducing toxicity of a functional Cas protein (optionally a Cas nuclease) in a population
of bacterial or archaeal production strain cells in a process of amplifying copies of a DNA construct,
wherein the construct comprises a nucleotide sequence encoding the Cas and the sequence is under
the control of a promoter, the method comprising culturing the cells to allow replication of the DNA

thereby amplifying the DNA in the cells, wherein the promoter is an attenuated promoter.

[00013]In a tenth Configuration

A method for reducing mutation of a DNA construct encoding a functional Cas protein (optionally a
Cas nuclease) in a population of bacterial or archaeal production strain cells in a process of
amplifying copies of the construct, wherein the construct comprises a nucleotide sequence encoding
the Cas and the sequence is under the control of a promoter, the method comprising culturing the cells
to allow replication of the DNA thereby amplifying the DNA in the cells, wherein the promoter is an

attenuated promoter.
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[00014]In an eleventh Configuration

A method for promoting production cell viability of a population of bacterial or archaeal production
strain cells in a process of amplifying copies of a DNA construct comprised by the cells, wherein the
construct comprises a nucleotide sequence encoding a functional Cas protein (optionally a Cas
nuclease) and the sequence is under the control of a promoter, the method comprising culturing the
cells to allow replication of the DNA thereby amplifying the DNA in the cells, wherein the promoter
is an attenuated promoter.

[00015]In a twelfth Configuration

A method for reducing the occurrence of Cas nuclease cutting of a DNA construct in a population of
bacterial or archaeal production strain cells in a process of amplifying copies of the construct, wherein
the construct comprises a nucleotide sequence encoding the Cas and the sequence is under the control
of a promoter, the method comprising culturing the cells to allow replication of the DNA thereby

amplifying the DNA in the cells, wherein the promoter is an attenuated promoter.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Type I CRISPR-Cas system of C. difficile targeting E. coli MG1655. (A) Layout of the
CRISPR Guided Vector™, CGV™, Plasmid 1: pSC101 ori, pPBAD promoter (induced by arabinose),
cas3 and cascade genes. Plasmid 2: pCloDF13 ori, pTac promoter (induced by IPTG), CRISPR array.
(B) Dilution series (10'-10°) of drop spots (5 ul) of E. coli MG1655 harboring the CGV on LB agar
plates with and without inducers. (C) CRISPR induction killed 99.9 % of the population (grey bar).
Growth in absence of induction is shown in black. CGV™ refers to a CRISPR Guided Vector™,

which is a nucleic acid vector comprising nucleotide sequences encoding CRISPR/Cas components.

Figure 2. Type I CRISPR-Cas system of C. difficile targeting E. coli MG1655. (A) Layout of the
CRISPR Guided Vector™, CGV™, pSC101 ori, pTac promoter (induced by IPTG), CRISPR array,
pBAD promoter (induced by arabinose), cas3 and cascade genes. (B) Dilution series (10'-10°) of drop
spots (5 pl) of E. coli MG1655 harboring the CGV on SM agar plates with and without inducers. (C)
CRISPR induction killed 99 % of the population (grey bar). Growth in absence of induction is shown
in black. CGV™ refers to a CRISPR Guided Vector™, which is a nucleic acid vector comprising

nucleotide sequences encoding CRISPR/Cas components.

Figure 3. Time-Kill curves for E. coli MG1655 harboring the CGV. (A) CRISPR induction killed

99 % of the population in 60 minutes (dashed line). Growth in absence of induction is shown in black
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lines. CRISPR/Cas was induced at time-point 0 and monitored until 120 minutes. (B) Dilution series

(10'-10°) of drop spots (5 pl) on SM agar plates of E. coli M(G1655 after 60 minutes of induction.

Figure 4. Specific killing of E. coli MG1655 with type I-B CRISPR-Cas system of C. difficile in
a synthetic microbial consortium. (A) Bacteria count of a synthetic population composed of three
different strains. CRISPR was induced at time-point 0 and monitored for 60 minutes. Growth in
absence of induction is shown in black. CRISPR induction prompted 1-logio reduction in viable cells
of target strain E. coli MG1655, while leaving E. coli Top10 and L. lactis NZ9000 populations intact
(dark grey bars). (B) Dilution series (10'-10°) of drop spots (5 pl) of the bacterial community mixture
after 60 minutes of induction. E. coli MG1655 grows selectively on BHI+streptomycin, E. coli Top10

on ampicillin, and L. lactis NZ9000 on chloramphenicol.

Figure 5. Killing of E. coli MG1655 with type I-B CRISPR-Cas system of C. difficile in

a synthetic microbial consortium compared to a pure culture of E. coli MG1655. (A) CRISPR
induction generated 4-logio reductions in viable cells of target strain E. coli M(G1655, both in the pure
culture and in the community mixture (grey bars). Growth in absence of induction is shown in black.
(B) Dilution series of a pure culture of E. coli MG1655 and the bacterial community mixture on

streptomycin plates with and without inducers.

DETAILED DESCRIPTION

[00016] The invention relates to the production and use of Cas-encoding sequences and vectors
comprising these. Aspects of the invention provide products, vectors, delivery vehicles, uses and
methods for producing Cas-encoding sequences in bacterial or archaeal cells.

[00017] An aspect of the invention provides for the control of expression of Cas and optionally also
Cascade proteins from single vectors, such as by regulated use of Cas modules in an operon and/or

using attenuated promoters.

[00018] CONCEPTS:

An aspect of the invention provides nucleic acid vectors that are useful for introducing into target host
cells of any eukaryotic or prokaryotic species (eg, ex vivo or in vitro) for expressing Type I Cas and
optionally other components of a Type I CRISPR/Cas system. Usefully, the vector may in some
examples therefore provide a single-vector means for introducing a complete exogenous Type I
CRISPR/Cas system into a target cell for modification (eg, cutting by Cas3) of DNA in the target cell.

In an example, a chromosomal target sequence (ie, protospacer that is cognate with the Cas3) is
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modified. In another example, an episomal DNA sequence is modified, for example a plasmid
sequence or a DNA that has been introduced into the cell. The latter may be useful in a
recombineering method of the invention wherein exogenous DNA in the target cell is cut by the Cas3
and optionally this produces one or more recombinogenic ends for recombination of the cut DNA
with a further DNA of interest, thereby producing a recombination product in the cell. For example,
in such a recombineering method, the targt cell is a recombinongenic E coli cell, eg, comprising a
red/ET system. In another example, the target cell is an undesired cell (eg, a cell of a species or strain
that is pathogenic to humans or animals, such as a bacterial disease-causing species or strain) and the
cutting by Cas3 kills the cell. This may be useful for treating or preventing an infection in a human or
animal harbouring target cells. The provision of single-vector means that express minimally a Cas
endonuclease (eg, Cas3), cognate accessory proteins (eg, Cascade proteins) and at least one CRISPR
array (or nucleotide sequence encoding a guide RNA (eg, a single guide RNA)), wherein the Cas,
accessory proteins and array (or nucleotide sequence) comprise a functional CRISPR/Cas system is
more convenient and the inventors believe more efficient for introducing into a target cell and
effecting CRISPR/Cas modification of a target sequence therein than the use of 2 or 3 or more
separate vectors (eg, a vector encoding the Cas nuclease and a different vector encoding the accessory
proteins, and possibly a further vector comprising the array (or gRNA-encoding nucleotide sequence)
which all need to transform the target cell for the system to function). This may provide one or more
benefits, therefore, such as simplifying delivery (and thus the design of delivery vehicles), simplifying
construction of the vector and vehicle and/or providing for better cutting or killing efficiencies.
Conveniently, an example of the invention therefore uses an operon for the coordinated expression in
the target cells of the Cas and accessory proteins (and optionall also the array or gRNA-encoding
sequence(s)). Whilst not wishing to be bound by any particular theory, the introduction of a single
vector (eg, using an operon) as per the invention may advantageously coordinate the expression of the
Cas and accessory proteins (and optionally production of cRNAs or gRNAs) so that these are
available to operate together without undue delay in the target cell. This may be important to tip the
balance between, on the one hand the target cell using its endogenous anti-restriction, endogenous Cas
or other endogenous mechanisms that seek out and degrade invading phage and DNA, and on the
other hand efficient cell killing or deactivation of such mechanisms by the invading CRISPR
components of the vector of the invention. In such an arms race, concerted and early operation of the
CRISPR components in the cell are likely to be important to gain the upper hand and effect cell

killing. The invention provides means to assist this.

By way of example, the invention thus provides the following Concepts:-
1. A nucleic acid vector for introduction into a host cell, the vector comprising a first nucleotide
sequence encoding a Type I Cas3 and a second nucleotide sequence encoding one or more

Cascade proteins, wherein the first and second sequences are under the control of one or more
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promoters comprised by the vector for expression of the proteins in the cell.

The vector of concept 1, wherein the vector comprises an operon for expression in the cell of the
Cas3 and Cascade proteins from a Cas module, the module comprising the nucleotide sequences
encoding the Cas3 and Cascade proteins, and the operon comprising the Cas module under the

control of a promoter for controlling the expression of both the Cas3 and Cascade proteins.

The vector of concept 2, wherein
(a) the first sequence is between the promoter and the second sequence in the operon;
(b) the operon comprises no Cas-encoding nucleotide sequences between the promoter and
the first nucleotide sequence; and/or
(c) the operon comprises (in 5’ to 3” direction) the promoter, the first sequence and the

second sequence.

The vector of any preceding concept, wherein each promoter is a constitutive promoter.

The vector of any one of concepts 1 to 3, wherein the promoter is repressible (optionally

repressible by a tetracycline repressor or lac repressor).

The vector of any one of concepts 1 to 3, wherein the promoter is inducible.

The vector of any preceding concept, wherein the first sequence is under the control of a medium

strength promoter.

The vector of any preceding concept, wherein the first sequence is under the control of a promoter

that has an Anderson Score (AS) of 0.5>AS >0.1.

The vector of any preceding concept, wherein the first sequence (and optionally the second
sequence) is under the control of a promoter and translation initiation site (TIS) combination that
is capable of producing expression of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from 0.5 to 4 times
the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a P10
promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5’ to 3°
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide

sequence encoding GFP, a 3’ UTR, a transcription terminator and a downstream insulator.
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The vector of concept 9, wherein fluorescence using the first EOU is 0.5 to 2 times the

fluorescence using the second EOU.

The vector of any preceding concept, wherein the vector comprises an origin of replication that is

operable in the host cell.

The vector of any preceding concept, wherein the vector comprises an origin of replication that is
operable in a bacterial cell of a vector production strain, wherein the Cas3 is not operable in the
production strain cell to target and cut a chromosomal sequence thereof.

The vector of concept 12, wherein the first sequence is under the control of a promoter that is
capable of controlling expression of the Cas3 at a level that is not toxic to the production strain
cell.

The vector of any preceding concept, wherein the vector is a high copy number vector.

The vector of any preceding concept, wherein the first nucleotide sequence or operon is

comprised by a mobile genetic element.

The vector of any preceding concept, wherein the vector is devoid of a Cas adaption module.

The vector of any preceding concept, wherein the vector is devoid of nucleotide sequence

encoding one, more or all of a Casl, Cas2, Cas4, Cas6, Cas7 and Cas 8.

The vector of any preceding concept, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas11, Cas7 and Cas8al.

The vector of concept 18, wherein the vector comprises nucleotide sequence encoding Cas3’

and/or Cas3”’.

The vector or concept 19, wherein the nucleotide sequences encoding the Cas3’ and/or Cas3”’ are

between the promoter and the sequence(s) recited in concept 18.

The vector of any one of concepts 18 to 20, wherein the host cell comprises a Type IA CRISPR

array that is cognate with the Cas3.



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

WO 2020/078893 PCT/EP2019/077760

The vector of any one of concepts 18 to 20, wherein the host cell comprises an endogenous Type

1B, C, U, D, E or F CRISPR/Cas system.

The vector of any one of concepts 1 to 17, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas8bl, Cas7 and Cas5.

The vector of concept 23, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in concept 23.

The vector of concept 23 or 24, wherein the host cell comprises a Type IB CRISPR array that is
cognate with the Cas3.

The vector of concept 23 or 24, wherein the host cell comprises an endogenous Type IA, C, U, D,

E or F CRISPR/Cas system.

The vector of any one of concepts 1 to 17, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas5, Cas8c and Cas7.

The vector of concept 27, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in concept 27.

The vector of concept 27 or 28, wherein the host cell comprises a Type IC CRISPR array that is

cognate with the Cas3.

The vector of concept 27 or 28, wherein the host cell comprises an endogenous Type IA, B, U, D,

E or F CRISPR/Cas system.

The vector of any one of concepts 1 to 17, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas8U2, Cas7, Cas5 and Cas6.

The vector of concept 31, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in concept 31.

The vector of concept 31 or 32, wherein the host cell comprises a Type IU CRISPR array that is

cognate with the Cas3.
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The vector of concept 31 or 32, wherein the host cell comprises an endogenous Type 1A, B, C, D,

E or F CRISPR/Cas system.

The vector of any one of concepts 1 to 17, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas10d, Cas7 and Cas5.

The vector of concept 35, wherein the vector comprises a nucleotide sequence encoding Cas3’

and/or Cas3”’.

The vector of concept 36, wherein the nucleotide sequences encoding the Cas3’ and/or Cas3’” are

between the promoter and the sequence(s) recited in concept 35.

The vector of any one of concepts 35 to 37, wherein the host cell comprises a Type ID CRISPR

array that is cognate with the Cas3.

The vector of any one of concepts 35 to 37, wherein the host cell comprises an endogenous Type

IA, B, C, U, E or F CRISPR/Cas system.

The vector of any one of concepts 1 to 17, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas8e, Cas11, Cas7, Cas5 and Cas6.

The vector of concept 40, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in concept 40.

The vector of concept 40 or 41, wherein the host cell comprises a Type IE CRISPR array that is

cognate with the Cas3.

The vector of concept 40 or 41, wherein the host cell comprises an endogenous Type IA, B, C, D,

U or F CRISPR/Cas system.

The vector of any one of concepts 1 to 17, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas8f, Cas5, Cas7 and Cas6f.
The vector of concept 44, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in concept 44, wherein the vector is devoid of

nucleotide sequence encoding further Cas between the promoter and the sequence encoding the
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Cas3.

46. The vector of concept 44 or 45, wherein the host cell comprises a Type IF CRISPR array that is
cognate with the Cas3.

47. The vector of concept 44 or 45, wherein the host cell comprises an endogenous Type 1A, B, C, D,
U or E CRISPR/Cas system.

48. The vector of any one of concepts 1 to 17, wherein the Cas and Cascade are
(a) Type IA Cas and Cascade proteins;
(b) Type IB Cas and Cascade proteins;
(c) Type IC Cas and Cascade proteins;
(d) Type ID Cas and Cascade proteins;
(e) Type IE Cas and Cascade proteins;
(f) Type IF Cas and Cascade proteins; or
(g) TypeIU Cas and Cascade proteins.

49. The vector of any preceding concept, wherein the Cas and Cascade are E coli (optionally Type IE

or IF) Cas and Cascade proteins.

50. The vector of concept 49, wherein the E coli is ESBL-producing E. coli or E. coli ST131-
025b:H4.

51. The vector of any preceding concept, wherein the Cas and Cascade are

(a) Clostridium (eg, C dificile) Cas and Cascade proteins, optionally C dificile resistant to
one or more antibiotics selected from aminoglycosides, lincomycin, tetracyclines,
erythromycin, clindamycin, penicillins, cephalosporins and fluoroquinolones;

(b) Pseudomonas aeruginosa Cas and Cascade proteins, optionally P aeruginosa resistant to
one or more antibiotics selected from carbapenems, aminoglycosides, cefepime,
ceftazidime, fluoroquinolones, piperacillin and tazobactam; or

(¢) Kilebsiella pneumoniae (eg, carbapenem-resistant Klebsiella pneumoniae or Extended-

Spectrum Beta-Lactamase (ESBL)-producing K pneumoniae) Cas and Cascade proteins.

52. The vector of any preceding concept, wherein the Cas and Cascade are E coli, C difficile, P

aeruginosa, K pneumoniae, P furiosus or B halodurans Cas and Cascade proteins.
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The vector of any preceding concept, wherein the Cas3 is a Cas3 of a CRISPR/Cas locus of a first
bacterial or archaeal species, wherein the distance between the Cas3-encoding sequence of the
locus and its cognate promoter is further than the distance between the Cas3-encoding sequence

and the respective promoter comprised by the vector.

The vector of any preceding concept, wherein the distance between the promoter and the Cas3-
encoding sequence and/or Cascade protein-encoding sequence(s) is shorter than in a

corresponding wild-type Type I locus.

The vector of any preceding concept, wherein the vector comprises (i) a CRISPR array for
producing ctrRNAs in the host cell and/or (ii) one or more nucleotide sequences encoding one or
more guide RNAs (gRNAs or single gRNAs), wherein the crRNAs or gRNAs are cognate to the

Cas3 (and optionally cognate to the Cascade proteins).

The vector of concept 55 when dependent from concept 2, wherein the array or gRNA-encoding

sequence(s) are comprised by the operon and under the control of the promoter.

The vector of concept 56, wherein the array or gRNA-encoding sequence(s) are under the control

of a promoter that is different from the promoter that controls the expression of the Cas3.

. The vector of concept 56 or 57, wherein one or more of the crRNAs or gRNAs comprises a spacer

sequence that is capable of hybridising to a target nucleotide sequence of the host cell, wherein

the target sequence is adjacent a PAM, the PAM being cognate to the Cas3.

The vector of concept 58, wherein the target sequence is a chromosomal sequence of the host cell.

The vector of concept 58 or 59, wherein the Cas3 is operable to cut the target sequence.

The vector of any preceding concept, wherein the vector is a plasmid or phagemid.

A delivery vehicle comprising the vector of any preceding concept, wherein the delivery vehicle

is capable of delivering the vector into the host cell.

The vehicle of concept 62, wherein the delivery vehicle is a phage, non-replicative transduction

particle, nanoparticle carrier, bacterium or liposome.
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The vector or vehicle of any preceding concept, wherein the host cell is a bacterial or archaeal
cell, optionally, the host cell is a C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-
resistant Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S

pneumoniae or S aureus cell.

The vector or vehicle of any preceding concept for administration to a human or animal subject

for treating or reducing the risk of a disease or condition in the subject.

The vector or vehicle of concept 65, wherein the disease or condition is an infection of the subject
with host cells (eg, bacterial cells), or wherein the disease or condition is mediated by host cells

(eg, bacterial cells).

A pharmaceutical composition comprising the vector or vehicle of any preceding concept and a

pharmaceutically acceptable diluent, excipient or carrier.

A method of treating or reducing the risk of a disease or condition in a human or animal subject,
the method comprising administering the vector, vehicle or compostion of any preceding concept
to the subject, and introducing the vector into target host bacterial or archaeal cells in the subject
(eg, in a gut microbiota, lung, eye or blood of the subject), wherein the Cas cuts (or otherwise
modifies) one or more target sequences in the target cells and the cells are killed or growth or

proliferation of the cells is reduced.

The method of concept 68, wherein the target cells are cells of a disease pathogen species.

The method of concept 68 or 69, wherein the targt cells are C dificile, P aeruginosa, K
pneumoniae (eg, carbapenem-resistant Klebsiella pneumoniae or Extended-Spectrum Beta-
Lactamase (ESBL)-producing K pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli
ST131-025b:H4), H pylori, S pneumoniae or S aureus cells.

[00019]EMBODIMENTS:

An aspect of the invention provides improved ways of amplifying DNA constructs in bacterial and

archaeal production strain cells. For example, the DNA may be a high copy number plasmid or

phagemid comprising a constitutive promoter for controlling the expression of one or more Cas

proteins when the DNA has been introduced into a target host bacterial or host cell. It is desirable,

according to an aspect of the invention, to consider attenuating the promoter activity during

amplification of the DNA in the production strain. This is useful, since the inventors have found that
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Cas expression in production strains may be toxic to production strain cells, thereby reducing the
yield of amplified DNA. Toxicity may be due, for example, to off-target cutting of the production
strain chromosomal DNA when the Cas is a nuclease (such as Cas9 or Cas3) and/or due to relatively
high levels of expression of the Cas in the cells. Additionally or alternatively, undesirably the Cas
expression or activity may impose a selective pressure that favours mutation and propagation of
mutated DNA constructs (such as mutation in one more or all of a CRISPR/Cas operon, Cas-encoding
gene, Cascade-encoding gene, CRISPR array and gRNa-encoding sequence of the DNA construct) in
production cells, thereby reducing the yield of desired amplified constructs and imposing an undesired
step of separating desired from mutated DNA constructs for further formulation into useful
compositions.. Such compositions may be pharmaceutical compositions, herbicides, pesticides,
environmental remediation compositions etc. In one example, the promoter attenuation in production
strains is achieved by using a medium strength (not high or low) promoter to control the Cas-encoding
nucleotide sequence of the DNA constructs. A medium level of Cas expression may be tolerable in
the production strains, and yet once the DNA is subsequently introduced into target host cells the Cas
is expressed at sufficiently high levels to produce desired activity to modify (eg, cut) target sequences
in target cells. In an alternative, the invention uses a repressible promoter, wherein the promoter is
repressed in production strain, but not repressed in target host cells. For example, aspects of the
invention use a tetracycline repressor (tetR) expressed in production strain cells that represses the
promoter.
[00020] Thus, the yield can be enhanced by one or more of

(a) reducing toxicity of the Cas in the production strain;

(b) reducing mutation of the DNA (optionally the Cas-encoding sequence) in the production

strain;
(c) promoting production cell viability during the amplification of the DNA; and
(d) reducing the occurrence of Cas cutting of DNA (optionally cutting of production host cell

chromosomal DNA or said DNA construct).

[00021] To this end, the invention provides Embodiments as follows:-
1. A method of amplifying copies of a DNA encoding a functional Cas protein (optionally a Cas
nuclease) in a bacterial or archaeal production strain of cells, the method comprising
(a) Providing production strain cells, each cell comprising a copy of said DNA, wherein each
DNA comprises a nucleotide sequence encoding said Cas, wherein the nucleotide
sequence is under the control of a promoter for controlling the expression of the Cas in
the production strain cell, the DNA comprising an origin of replication that is operable in
the cell for replication of the DNA;
(b) Culturing the cells to allow replication of the DNA, whereby the DNA is amplified; and
(c) Optionally isolating copies of the DNA,
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wherein the promoter is an attenuated constitutive promoter.

In an example, promoter is a medium strength promoter. In another example, the promoter is

repressed in the production strain cell. Hence, the promoter is an attenuated promoter in these

examples.

2. Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby
amplifying the DNA in the cells, for enhancing the yield of amplified DNA produced by the

production host cells.

3. The use of paragraph 2, wherein the use is for enhancing said yield by
(a) reducing toxicity of the Cas in the production strain;
(b) reducing mutation of the DNA (optionally the Cas-encoding sequence) in the production
strain;
(c) promoting production cell viability during the amplification of the DNA; and/or
(d) reducing the occurrence of Cas cutting of DNA (optionally cutting of production host cell

chromosomal DNA or said DNA construct).

4. Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby

amplifying the DNA in the cells, for reducing toxicity of the Cas in the production strain.

5. Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby
amplifying the DNA in the cells, for reducing mutation of the DNA (optionally the Cas-encoding

sequence) in the production strain.

6. Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby

amplifying the DNA in the cells, for promoting production cell viability during the amplification
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of the DNA.

Use of an attenuated promoter in a DNA construct comprising a nucleotide sequence encoding a
functional Cas protein (optionally a Cas nuclease) that is under the control of the promoter, in a
method of amplifying copies of the DNA in a population of bacterial or archaeal production strain
cells, the method comprising culturing the cells to allow replication of the DNA thereby

amplifying the DNA in the cells, for reducing the occurrence of Cas cutting of DNA.

A method for enhancing the yield of amplified copies of a DNA construct in a population of
bacterial or archaeal production strain cells, wherein the construct comprises a nucleotide
sequence encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of
a promoter, the method comprising culturing the cells to allow replication of the DNA thereby

amplifying the DNA in the cells, wherein the promoter is an attenuated promoter.

A method for reducing toxicity of a functional Cas protein (optionally a Cas nuclease) in a
population of bacterial or archaeal production strain cells in a process of amplifying copies of a
DNA construct, wherein the construct comprises a nucleotide sequence encoding the Cas and the
sequence is under the control of a promoter, the method comprising culturing the cells to allow
replication of the DNA thereby amplifying the DNA in the cells, wherein the promoter is an

attenuated promoter.

A method for reducing mutation of a DNA construct encoding a functional Cas protein
(optionally a Cas nuclease) in a population of bacterial or archaeal production strain cells in a
process of amplifying copies of the construct, wherein the construct comprises a nucleotide
sequence encoding the Cas and the sequence is under the control of a promoter, the method
comprising culturing the cells to allow replication of the DNA thereby amplifying the DNA in the

cells, wherein the promoter is an attenuated promoter.

A method for promoting production cell viability of a population of bacterial or archaeal
production strain cells in a process of amplifying copies of a DNA construct comprised by the
cells, wherein the construct comprises a nucleotide sequence encoding a functional Cas protein
(optionally a Cas nuclease) and the sequence is under the control of a promoter, the method
comprising culturing the cells to allow replication of the DNA thereby amplifying the DNA in the

cells, wherein the promoter is an attenuated promoter.

A method for reducing the occurrence of Cas nuclease cutting of a DNA construct in a population

of bacterial or archaeal production strain cells in a process of amplifying copies of the construct,
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wherein the construct comprises a nucleotide sequence encoding the Cas and the sequence is
under the control of a promoter, the method comprising culturing the cells to allow replication of
the DNA thereby amplifying the DNA in the cells, wherein the promoter is an attenuated

promoter.

13. The use of paragraph 5 or 7, or the method of paragraph 10 or 12, wherein the mutation or cutting

is mutation or cutting of host cell chromosomal DNA or the construct DNA.

14. The method or use of any one of paragraphs 2 to 13, wherein the promoter is a constitutive

promoter.

15. The method or use of any preceding paragraph, wherein the promoter is repressed in the

production strain cells (optionally repressed by a tetracycline repressor or a lac repressor).

16. The method or use of paragraph 15, wherein the promoter is Pricto-1, PLiaco-1 OF a repressible

homologue thereof.

Other examples of suitable repressible promoters are Ptac (repressed by lacl) and he Leftward
promoter (pL) of phage lambda (which repressed by the Acl repressor). In an example, the promoter
comprises a repressible operator (eg, tetO or lacO) fused to a promoter sequence. The corresponding
repressor is encoded by a nucleic acid in the production strain (eg, a chromosomally-integrated
sequence or a sequence comprised by an episome) and the repressor is expressed during the DNA or
vector amplification method of the invention, whereby the promoter controlling Cas expression is
repressed. In delivery vehicles that are subsequently produced from isolated amplified DNA/vector,
the vehicle is devoid of an expressible nucleotide sequence encoding the repressor, whereby the
promoter is functional when the DNA/vector is introduced into a target host cell. For example, in the
absence of the repressor the promoter is consitutively ON for expression of the Cas. The system is
therefore primed to work once the DNA/vector is introduced into the host cells, and this effect can be
enhanced further by using a high copy number DNA/vector comprising an origin of replication that is
operable in the host cell.. A high copy number vector or DNA is also desirable in the production strain
cells for enhancing yield of the DNA/vector, and by use of an attenuated promoter as described herein
(eg, medium strength promoter and/or repressed promoter in the production strain cells) one can

minimise Cas toxicity whilst culturing to maximise amplification and thus yield of the DNA/vector.

17. The method or use of any preceding paragraph, wherein the promoter is a medium strength

promoter.
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The method or use of any preceding paragraph, wherein the promoter has an Anderson Score

(AS) of 0.5>AS >0.1.

The method or use of any preceding paragraph, wherein the nucleotide sequence encoding said
Cas is under the control of a promoter and translation initiation site (TIS) combination that is
capable of producing expression of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from 0.5 to 4 times
the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a P10
promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5’ to 3°
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide

sequence encoding GFP, a 3° UTR, a transcription terminator and a downstream insulator.

The method or use of paragraph 19, wherein fluorescence using the first EOU is 0.5 to 2 times the

fluorescence using the second EOU.

The method or use of any preceding paragraph, wherein the nuclease is Cas3 and optionally the

DNA or cell encodes cognate Cascade proteins.

The method or use of any one of paragraphs 1 to 20, wherein the Cas is a Cas9.

The method or use of any preceding paragraph, wherein the production strain cells comprise a
helper phage genome that is inducible to produce phage coat proteins in the cells, wherein the
method further comprises inducing production of the phage proteins and causing packaging of the
amplified DNA into phage particles or non-self-replicative transduction particles, and further
isolating the phage or transduction particles and optionally formulating the particles into a
pharmaceutical composition for administration to a human or animal subject for treating or

reducing the risk of a disease or condition in the subject.

The method or use of paragraph 23, wherein the particles are capable of infecting target host cells
in the subject and transducing the cells with the DNA, wherein the Cas and crRNAs (or guide
RNAs, gRNAs) encoded by the DNA are expressed in the cells, the crRNAs or (gRNAs) being
operable to guide the Cas to a target nucleotide sequence (optionally a chromosomal sequence)
comprised by the cells, wherein the Cas cuts the target sequences in the cells, thereby killing host

cells and treating or reducing the risk of the disease or condition.
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25. The method or use of paragraph 24, wherein the host cells are bacterial or archaeal cells,
optionally, the host cells are C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S

pneumoniae or S aureus cells.

26. The method or use of any preceding paragraph, wherein each DNA is comprised by a high copy

number plasmid or phagemid.
27. The method or use of any preceding paragraph, wherein the DNA construct comprises one or
more nucleotide sequences for producing crRNAs or gRNAs that are operable for Cas nuclease

targeting in target host cells.

[00022] PARAGRAPHS & GENERALLY APPLICABLE FEATURES:

The invention provides the following Paragraphs, which are supported by the Examples below. Any
features of the Concepts are combinable with any features of the Embodiments. Any features of the
Concpets are combinable with any features of the Embodiments. Any features of the Paragraphs are

combinable with any features of the Embodiments.

Any cell herein (eg, a production strain cell or target host cell) may be a bacterial cell, archaeal cell,
algal cell, fungal cell, protozoan cell, invertebrate cell, vertebrate cell, fish cell, bird cell, mammal
cell, companion animal cell, dog cell, cat cell, horse cell, mouse cell, rat cell, rabbit cell, eukaryotic
cell, prokaryotic cell, human cell, animal cell, rodent cell, insect cell or plant cell. Preferably, the cell
is a bacterial cell. Alternatively, the cell is a human cell. Optionally, the production strain cell(s) and

target host cell(s) are of the same phylum, order, family, genus, species or strain.

In an example, the Cas is any Cas (eg, a Cas2, 3, 4, 5, or 6) of a Type I system. In this example, in an
embodiment, the Cas may be fused or conjugated to a moiety that is operable to increase or reduce
transcription of a gene comprising the target sequence. For example the nucleic acid encoding the
Cas may comprise a nucleotide sequence encoding the moiety, wherein the Cas and moiety are
expressed in the host cell as a fusion protein. In one embodiment, the Cas is N-terminal of the

moiety; in another embodiment it is C-terminal to the moiety.
1. A nucleic acid vector for introduction into a host cell, the vector comprising a first nucleotide

sequence encoding a Type I Cas3, wherein the sequence is under the control of a promoter

comprised by the vector for expression of the Cas3 in the cell.
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In an example, the vector is a DNA vector, eg, ssDNA vector or dsDNA vector.

2. The vector of paragraph 1, wherein the vector comprises a second nucleotide sequence encoding
one or more Cascade proteins, wherein the first and second sequences are under the control of one

or more promoters comprised by the vector for expression of the proteins in the cell.

3. The vector of paragraph 2, wherein the Cascade protein(s) are cognate with the Cas3.

In an example, the Cas3 is cognate with Cascade proteins encoded by the host cell and/or encoded by
a second operon. Optionally, the second operon is comprised by the vector. Optionally, the second
operon is comprised by a second vector that is capable of introducing the second operon into the host
cell, whereby the Cas3 and Cascade proteins are expressed from the operons in the host cell and are
operable with crRNA or gRNA to target the Cas to a host cell target sequence, wherein the Cas3 is

capable of modifying the target sequence.

4. The vector of paragraph 2 or 3, wherein the vector comprises an operon for expression in the cell
of the Cas3 and Cascade proteins from a Cas module, the module comprising the nucleotide
sequences encoding the Cas3 and Cascade proteins, and the operon comprising the Cas module
under the control of a promoter for controlling the expression of both the Cas3 and Cascade

proteins.

The term “operon” is known to the skilled person such as relating to a functioning unit of DNA
containing at least expressible 2 nucleotide sequences respectively encoding for an expression product

(eg, a respective translatable mRNA), wherein the sequences are under common promoter control.

5. The vector of paragraph 4, wherein the first sequence is between the promoter and the second

sequence in the operon.

6. The vector of paragraph 4 or 5, wherein the operon comprises no Cas-encoding nucleotide

sequences between the promoter and the first nucleotide sequence.

Optionally, the Cas3 is a Cas3 encoded by a CRISPR/Cas locus of a first bacterial or archaeal species,
wherein in the locus the Cas3-encoding sequence is 3° of Cascade protein-encoding sequences (ie, the

latter are between the Cas3 and the 5’-most promoter of the locus).

Optionally, the Cas3 is a ygcB protein (eg, wherein the production strain cell and/or host target cell is

an E coli).

20



WO 2020/078893 PCT/EP2019/077760

Optionally, the Cascade proteins comprise or consist of
cas5 (casD, csy2)

caso (cas6f, cse3, casE)

cas7 (csc2, csy3, csed, casC)

cas8 (casA, cas8al, cas8bl, cas8c, cas10d, cas8e, csel, cas8f, csyl).

Optionally herein the promoter and the Cas3-encoding sequence are spaced no more than 150, 100,

50, 40, 30, 20 or 10bp apart, eg, from 30-45, or 30-40, or 39 or around 39bp apart.

Optionally herein a ribosome binding site and the Cas3-encoding sequence are spaced no more than

20, 15, 14,13, 12,11, 10, 9, 8, 7, 6, 4 or 3bp apart, eg, from 10-5, 6 or around 6bp apart.

7. The vector of any one of paragraphs 4 to 6, wherein the operon comprises (in 5’ to 3’ direction)

the promoter, the first sequence and the second sequence.

8. The vector of any preceding paragraph, wherein each promoter is a constitutive promoter.

9. The vector of any one of paragraphs 1 to 7, wherein the promoter is repressible (optionally

repressible by a tetracycline repressor or lac repressor).

10. The vector of any one of paragraphs 1 to 7, wherein the promoter is inducible.

11. The vector of any preceding paragraph, wherein the first sequence is under the control of a weak

promoter.

12. The vector of any one of paragraphs 1 to 7, wherein the first sequence is under the control of a

medium strength promoter.

13. The vector of any one of paragraphs 1 to 7, wherein the first sequence is under the control of a

strong promoter.

In an example, the promoter is in combination with a Shine-Dalgarno sequence comprising the

sequence 5’- aaagaggagaaa-3’ (SEQ ID NO: 5) or a ribosome binding site homologue thereof.

14. The vector of any one of paragraphs 1 to 7, wherein the first sequence is under the control of a

promoter that has an Anderson Score (AS) of AS >0.5.
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See Table 2 for more information on Anderson Scores in relation to promoters.

15. The vector of any one of paragraphs 1 to 7, wherein the first sequence is under the control of a

promoter that has an Anderson Score (AS) of 0.5>AS >0.1.

16. The vector of any one of paragraphs 1 to 7, wherein the first sequence is under the control of a

promoter that has an Anderson Score (AS) of <0.1.

17. The vector of any one of paragraphs 1 to 7, wherein the first sequence (and optionally the second
sequence) is under the control of a promoter and translation initiation site (TIS) combination that
is capable of producing expression of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from 0.5 to 4 times
the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a P10
promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5’ to 3’
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide

sequence encoding GFP, a 3’ UTR, a transcription terminator and a downstream insulator.

18. The vector of paragraph 17, wherein fluorescence using the first EOU is 0.5 to 2 times the

fluorescence using the second EOU.

For example, fluorescence using the first EOU is 0.5 to X times the fluorescence using the second
EOU, wherein X is from 3.0 to 1.0, eg, 3, 2.5, 2, 1.5 or 1, wherein fluorescence is determined using
excitation at 481 nm and emission at 507 nm. Optionally, E coli cultures at OD600 of 0.3-0.5 in the

exponential growth phase are used.

For example, the upstream insulator, the nucleotide sequence encoding GFP, 3° UTR, transcription
terminator and downstream insulator of each EOU are as disclosed in Mutalik ef al (2013). For
example, the upstream insulator, the nucleotide sequence encoding GFP, 3° UTR, transcription
terminator and downstream insulator of each EOU are corresponding sequences of SEQ ID NO: 4.
For example, the E coli is E. coli BW25113 is grown in MOPS EZ Rich Medium (Teknova)
supplemented with 50 ng/ml kanamycin (kan) at 37 °C, shaken at 900 r.p.m. For example, each
EOUs is comprised by a medium copy plasmid, eg, a plasmid derived from pFAB217 comprising a

p15A replication origin and a kan resistance gene.
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19. The vector of any preceding paragraph, wherein the vector comprises an origin of replication that

is operable in the host cell.

20. The vector of any preceding paragraph, wherein the vector comprises an origin of replication that
is operable in a bacterial cell of a vector production strain, wherein the Cas3 is not operable in the

production strain cell to target and cut a chromosomal sequence thereof.

An example of a production strain cell is an E coli cell. A production strain cell is a cell that is used
to amplify DNA encoding Cas (and optionally other components of a CRISPR/Cas system). Usefully,
the strain may package the amplified DNA into transduction particles that are may be isolated to
produce a composition that can be contacted with a population of target host cells (eg, bacterial,
archaeal, prokaryotic, eukaryotic, human, animal, mammal, rodent, mouse, rat, rabbit, Xenopus, fish,
bird, amphibian, insect, plant, amoeba or algae cells) wherein the DNA is introduced into the cells for
expression of the Cas (and optional other CRISPR/Cas system components), wherein the Cas is
guided to a protospacer target sequence in the host cells and modifies (eg, cuts) the sequence. In
another example, the amplified DNA isolated from a population of production strain cells and is
combined with a delivery vehicle (eg, a carrier bacterium, nanoparticle or liposome), wherein the
delivery vehicle can be contacted with a population of target host cells (eg, bacterial, archaeal,
prokaryotic, eukaryotic, human, animal, mammal, rodent, mouse, rat, rabbit, Xenopus, fish, bird,
amphibian, insect, plant, amoeba or algae cells) wherein the DNA is introduced into the cells for
expression of the Cas (and optional other CRISPR/Cas system components), wherein the Cas is

guided to a protospacer target sequence in the host cells and modifies (eg, cuts) the sequence.

21. The vector of paragraph 20, wherein the first sequence is under the control of a promoter that is
capable of controlling expression of the Cas3 at a level that is not toxic to the production strain

cell.

In an example, substantially no production strain cells are killed when the Cas3-encoding sequence is
amplified therein. In another example, no more than 40, 30, 20, 10, 5, 4, 3, 2, or 1% of production
strain cells are killed when the Cas3-encoding sequence is amplified therein. For example this is in a

1,2,3,4,5,6,7,89 10, 12 or 24 hour period of culturing the cells.
22. The vector of paragraph 20, wherein the first sequence is under the control of a promoter that

controls expression of the Cas3 in the production strain cell such that the cell is capable of growth

and propagation sufficient to produce at least 1000 copies of the vector.
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For example thisisina 1,2, 3,4,5, 6,7, 89 10, 12 or 24 hour period of culturing the cells. For
example, at least 10%, 10°, 10°, 107, 108, 10, 10%°, 10", 10'2, 10'3, 1014, 10'3, 10'¢, 10" or 10'® copies
of the vector are produced per 10, 10%, 105, 10°, 107, 108, 10°, 10'°, 10!, 10'2, 103, 101%, 10'3, 10,

10" production strain cells respectively.

23. The vector of any one of paragraphs 20 to 22, wherein the cell is capable of at least 2 or 3 logs of

expansion when the vector is comprised therein.

For example, thisisina 1, 2, 3,4, 5, 6,7, 8 9 10, 12 or 24 hour period of culturing the cells.

24, The vector of any preceding paragraph, wherein the vector is a high copy number vector.

25. The vector of any preceding paragraph, wherein the first nucleotide sequence or operon is

comprised by a mobile genetic element.
Suitable mobile genetic elements, eg, transposons, are disclosed in W02016177682 and
US20170246221, the disclosures of which are explicitly incorporated herein for possible use in the
invention and for providing one or more features for the claims herein.
26. The vector of any preceding paragraph, wherein the vector is devoid of a Cas adaption module.
For example, the vector is devoid of nucleotide sequences encoding a Cas1, Cas2 and/or Cas4.
27. The vector of any preceding paragraph, wherein the vector is devoid of nucleotide sequence
encoding one, more or all of a Casl, Cas2, Cas4, Cas6 (optionally Cas6f), Cas7 and Cas 8

(optionaly Cas8f).

28. The vector of any preceding paragraph, wherein the vector is devoid of a sequence encoding a

Casb6 (optionally a Cas6f).

29. The vector of any one of paragraphs 1 to 27, wherein the module encodes a Cas6 (optionally a

Cas6f).

30. The vector of any preceding paragraph, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas11, Cas7 and Cas8al.
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31. The vector of paragraph 30, wherein the vector comprises nucleotide sequence encoding Cas3’
and/or Cas3’’ (optionally wherein the nucleotide sequences encoding the Cas3’ and/or Cas3’’ are

between the promoter and the sequence(s) recited in paragraph 30).

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3° direction) that encode a
Cas3 (eg, Cas3’ and/or Cas3’’), Casl1, Cas7 and Cas8al. Optionally, a nucleotide sequence encoding
Cas6 is between the Cas3 sequence(s) and the Casl1 sequence. Optionally, the vector comprises a
Type TA CRISPR array or one or more nucleotide sequences encoding single guide RNA(s)
(gRNAC(s)), wherein the array and each gRNA comprises repeat sequence that is cognate with the
Cas3. Thus, the array is operable in a host cell when the vector has been introduced into the cell for
production of guide RNAs, wherein the guide RNAs are operable with the Cas and Cascade proteins
to target and modify (eg, cut) a target nucleotide sequence in the host cell, optionally thereby killing
the host cell. Similarly, the single guide RNAs encoded by the vector in one embodiment are
operable with the Cas and Cascade proteins to target and modify (eg, cut) a target nucleotide sequence

in the host cell, optionally thereby killing the host cell.

32. The vector of paragraph 30 or 31, wherein the host cell comprises a Type IA CRISPR array that is
cognate with the Cas3.

33. The vector of paragraph 30 or 31, wherein the host cell comprises an endogenous Type 1B, C, U,
D, E or F CRISPR/Cas system.

34. The vector of any one of paragraphs 1 to 29, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas8b1, Cas7 and CasS5.

35. The vector of paragraph 34, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in paragraph 34.

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3 direction) that encode a
Cas3, Cas8bl, Cas7 and Cas5. Optionally, a nucleotide sequence encoding Cas6 is between the Cas3
sequence(s) and the Cas8bl sequence. Optionally, the vector comprises a Type IB CRISPR array or
one or more nucleotide sequences encoding single guide RNA(s) (gRNAC(s)), wherein the array and
each gRNA comprises repeat sequence that is cognate with the Cas3. Thus, the array is operable in a
host cell when the vector has been introduced into the cell for production of guide RNAs, wherein the
guide RNAs are operable with the Cas and Cascade proteins to target and modify (eg, cut) a target
nucleotide sequence in the host cell, optionally thereby killing the host cell. Similarly, the single

guide RNAs encoded by the vector in one embodiment are operable with the Cas and Cascade
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proteins to target and modify (eg, cut) a target nucleotide sequence in the host cell, optionally thereby

killing the host cell.

36. The vector of paragraph 34 or 35, wherein the host cell comprises a Type IB CRISPR array that is

cognate with the Cas3.

37. The vector of paragraph 34 or 35, wherein the host cell comprises an endogenous Type IA, C, U,
D, E or F CRISPR/Cas system.

38. The vector of any one of paragraphs 1 to 29, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas5, Cas8c and Cas7.

39. The vector of paragraph 38, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in paragraph 38.

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3° direction) that encode a
Cas3, Cas5, Cas8c and Cas7. Optionally, a nucleotide sequence encoding Cas6 is between the Cas3
sequence(s) and the Cas5 sequence. Optionally, the vector comprises a Type IC CRISPR array or one
or more nucleotide sequences encoding single guide RNA(s) (gRNA(s)), wherein the array and each
gRNA comprises repeat sequence that is cognate with the Cas3. Thus, the array is operable in a host
cell when the vector has been introduced into the cell for production of guide RNAs, wherein the
guide RNAs are operable with the Cas and Cascade proteins to target and modify (eg, cut) a target
nucleotide sequence in the host cell, optionally thereby killing the host cell. Similarly, the single
guide RNAs encoded by the vector in one embodiment are operable with the Cas and Cascade
proteins to target and modify (eg, cut) a target nucleotide sequence in the host cell, optionally thereby

killing the host cell.

40. The vector of paragraph 38 or 39, wherein the host cell comprises a Type IC CRISPR array that is
cognate with the Cas3.

41. The vector of paragraph 38 or 39, wherein the host cell comprises an endogenous Type IA, B, U,
D, E or F CRISPR/Cas system.

42. The vector of any one of paragraphs 1 to 29, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas8U2, Cas7, Cas5 and Cas6.
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43. The vector of paragraph 42, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in paragraph 42.

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3° direction) that encode a
Cas3, Cas8U2, Cas7, Cas5 and Cas6. Optionally, a nucleotide sequence encoding Casb6 is between
the Cas3 sequence(s) and the Cas8U2 sequence. Optionally, the vector comprises a Type [U CRISPR
array or one or more nucleotide sequences encoding single guide RNA(s) (gRNA(s)), wherein the
array and each gRNA comprises repeat sequence that is cognate with the Cas3. Thus, the array is
operable in a host cell when the vector has been introduced into the cell for production of guide
RNAs, wherein the guide RNAs are operable with the Cas and Cascade proteins to target and modify
(eg, cut) a target nucleotide sequence in the host cell, optionally thereby killing the host cell.
Similarly, the single guide RNAs encoded by the vector in one embodiment are operable with the Cas
and Cascade proteins to target and modify (eg, cut) a target nucleotide sequence in the host cell,

optionally thereby killing the host cell.

44. The vector of paragraph 42 or 43, wherein the host cell comprises a Type IU CRISPR array that is
cognate with the Cas3.

45. The vector of paragraph 42 or 43, wherein the host cell comprises an endogenous Type IA, B, C,
D, E or F CRISPR/Cas system.

46. The vector of any one of paragraphs 1 to 29, wherein the vector comprises (optionally in 5° to 3°

direction) nucleotide sequence encoding one, more or all of Cas10d, Cas7 and Cas5.

47. The vector of paragraph 46, wherein the vector comprises a nucleotide sequence encoding Cas3’
and/or Cas3”’ (optionally wherein the nucleotide sequences encoding the Cas3’ and/or Cas3’” are

between the promoter and the sequence(s) recited in paragraph 46).

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3° direction) that encode a
Cas3, Cas10d, Cas7 and Cas5. Optionally, a nucleotide sequence encoding Cas6 is between the Cas3
sequence(s) and the Cas10d sequence. Optionally, the vector comprises a Type ID CRISPR array or
one or more nucleotide sequences encoding single guide RNA(s) (gRNAC(s)), wherein the array and
each gRNA comprises repeat sequence that is cognate with the Cas3. Thus, the array is operable in a
host cell when the vector has been introduced into the cell for production of guide RNAs, wherein the
guide RNAs are operable with the Cas and Cascade proteins to target and modify (eg, cut) a target
nucleotide sequence in the host cell, optionally thereby killing the host cell. Similarly, the single

guide RNAs encoded by the vector in one embodiment are operable with the Cas and Cascade
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proteins to target and modify (eg, cut) a target nucleotide sequence in the host cell, optionally thereby

killing the host cell.

48. The vector of paragraph 46 or 47, wherein the host cell comprises a Type ID CRISPR array that is

cognate with the Cas3.

49. The vector of paragraph 46 or 47, wherein the host cell comprises an endogenous Type IA, B, C,
U, E or F CRISPR/Cas system.

50. The vector of any one of paragraphs 1 to 29, wherein the vector comprises (optionally in 5° to 3

direction) nucleotide sequence encoding one, more or all of Cas8e, Cas11, Cas7, Cas5 and Cas6.

51. The vector of paragraph 50, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in paragraph 50.

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3’ direction) that encode a
Cas3, Cas8e, Casl1, Cas7, Cas5 and Cas6. Optionally, a nucleotide sequence encoding Cas6 is
between the Cas3 sequence(s) and the Cas11 sequence. Optionally, the vector comprises a Type IE
CRISPR array or one or more nucleotide sequences encoding single guide RNA(s) (gRNAC(s)),
wherein the array and each gRNA comprises repeat sequence that is cognate with the Cas3. Thus, the
array is operable in a host cell when the vector has been introduced into the cell for production of
guide RNAs, wherein the guide RNAs are operable with the Cas and Cascade proteins to target and
modify (eg, cut) a target nucleotide sequence in the host cell, optionally thereby killing the host cell.
Similarly, the single guide RNAs encoded by the vector in one embodiment are operable with the Cas
and Cascade proteins to target and modify (eg, cut) a target nucleotide sequence in the host cell,

optionally thereby killing the host cell.

52. The vector of paragraph 50 or 51, wherein the host cell comprises a Type IE CRISPR array that is
cognate with the Cas3.

53. The vector of paragraph 50 or 51, wherein the host cell comprises an endogenous Type IA, B, C,
D, U or F CRISPR/Cas system.

54. The vector of any one of paragraphs 1 to 29, wherein the vector comprises (optionally in 5” to 3°

direction) nucleotide sequence encoding one, more or all of Cas8f, Cas5, Cas7 and Cas6f.
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55. The vector of paragraph 54, wherein the vector comprises a nucleotide sequence encoding Cas3
between the promoter and the sequence(s) recited in paragraph 54, wherein the vector is devoid of
nucleotide sequence encoding further Cas between the promoter and the sequence encoding the

Cas3.

In one embodiment, the vector comprises nucleotide sequences (in 5° to 3 direction) that encode a
Cas3, Cas8f, Cas5, Cas7 and Cas6f. Optionally, a nucleotide sequence encoding Cas6 is between the
Cas3 sequence(s) and the Cas8f sequence. Optionally, the vector comprises a Type IF CRISPR array
or one or more nucleotide sequences encoding single guide RNA(s) (gRNA(s)), wherein the array and
each gRNA comprises repeat sequence that is cognate with the Cas3. Thus, the array is operable in a
host cell when the vector has been introduced into the cell for production of guide RNAs, wherein the
guide RNAs are operable with the Cas and Cascade proteins to target and modify (eg, cut) a target
nucleotide sequence in the host cell, optionally thereby killing the host cell. Similarly, the single
guide RNAs encoded by the vector in one embodiment are operable with the Cas and Cascade
proteins to target and modify (eg, cut) a target nucleotide sequence in the host cell, optionally thereby

killing the host cell.

56. The vector of paragraph 54 or 55, wherein the host cell comprises a Type IF CRISPR array that is

cognate with the Cas3.

57. The vector of paragraph 54 or 55, wherein the host cell comprises an endogenous Type IA, B, C,
D, U or E CRISPR/Cas system.

58. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type IA Cas and

Cascade proteins.

59. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type IB Cas and

Cascade proteins.

60. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type IC Cas and

Cascade proteins.

61. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type ID Cas and

Cascade proteins.
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62. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type IE Cas and

Cascade proteins.

63. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type IF Cas and

Cascade proteins.

64. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Type IU Cas and

Cascade proteins.

65. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are E coli (optionally
Type IE or IF) Cas and Cascade proteins, optionally wherein the E coli is ESBL-producing E. coli
or E. coli ST131-O25b:H4.

66. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Clostridium (eg, C
dificile) Cas and Cascade proteins, optionally C dificile resistant to one or more antibiotics
selected from aminoglycosides, lincomycin, tetracyclines, erythromycin, clindamycin, penicillins,

cephalosporins and fluoroquinolones.

67. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Pseudomonas
aeruginosa Cas and Cascade proteins, optionally P aeruginosa resistant to one or more antibiotics
selected from carbapenems, aminoglycosides, cefepime, ceftazidime, fluoroquinolones,

piperacillin and tazobactam.

68. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are Klebsiella
pneumoniae (eg, carbapenem-resistant Klebsiella pneumoniae or Extended-Spectrum Beta-

Lactamase (ESBL)-producing K pneumoniae) Cas and Cascade proteins.

69. The vector of any one of paragraphs 1 to 29, wherein the Cas and Cascade are E coli, C difficile,

P aeruginosa, K pneumoniae, P furiosus or B halodurans Cas and Cascade proteins.

70. The vector of any preceding paragraph, wherein the Cas3 is a Cas3 of a CRISPR/Cas locus of a
first bacterial or archaeal species, wherein the distance between the Cas3-encoding sequence of
the locus and its cognate promoter is further than the distance between the Cas3-encoding

sequence and the respective promoter comprised by the vector.

The cognate promoter here is the one that controls expression of Cas3 in the wild-type locus.
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71. The vector of any preceding paragraph, wherein the distance between the promoter and the Cas3-
encoding sequence and/or Cascade protein-encoding sequence(s) is shorter than in a

corresponding wild-type Type I locus.

A corresponding locus is a wild-type locus of a bacterial or archaeal species or strain that comprises
an endogenous CRISPR/Cas system encoding the Cas3 and/or Cascade proteins of the type that are
also encoded by the vector. Thus, when the vector comprises an operon, the operon may comprise

Cas3- and Cascade-encoding nucleotide sequences that are not in a natural configuration.

72. The vector of any preceding paragraph, wherein the vector comprises (i) a CRISPR array for
producing ctrRNAs in the host cell and/or (ii) one or more nucleotide sequences encoding one or
more single guide RNAs (gRNAs), wherein the crRNAs or gRNAs are cognate to the Cas3 (and

optionally cognate to the Cascade proteins).

73. The vector of paragraph 72 when dependent from paragraph 4, wherein the array or gRNA-

encoding sequence(s) are comprised by the operon and under the control of the promoter.

74. The vector of paragraph 72, wherein the array or gRNA-encoding sequence(s) are under the

control of a promoter that is different from the promoter that controls the expression of the Cas3.
75. The vector of any one of paragraphs 72 to 74, wherein one or more of the crRNAs or gRNAs

comprises a spacer sequence that is capable of hybridising to a target nucleotide sequence of the

host cell, wherein the target sequence is adjacent a PAM, the PAM being cognate to the Cas3.
Thus, the spacer hybridises to the protospacer to guide the Cas3 to the protospacer. Optionally, the
Cas3 cuts the protospacer, eg, using exo- and/or endonuclease activity of the Cas3. Optionally, the

Cas3 removes a plurality (eg, at least 2, 3,4, 5, 6, 7, 8, 9 or 10) nucleotides from the protospacer.

76. The vector of paragraph 75, wherein the target sequence is a chromosomal sequence of the host

cell.

77. The vector of paragraph 75 or 76, wherein the Cas3 is operable to cut the target sequence.

78. The vector of any preceding paragraph, wherein the vector is a plasmid or phagemid.
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79. A delivery vehicle comprising the vector of any preceding paragraph, wherein the delivery

vehicle is capable of delivering the vector into the host cell.

80. The vehicle of paragraph 79, wherein the delivery vehicle is a phage, non-replicative transduction

particle, nanoparticle carrier, bacterium or liposome.

The phage or particles comprise phage coat proteins encapsidating DNA, wherein the DNA comprises
the vector. Suitable examples of phage and particles are disclosed in USSN 15/985,658 (and its
equivalent publication by USPTO) the disclosures of which are incorporated herein by reference for
possible use in the invention and for providing one or more features that may be included in gthe
claims herein. Phage or particle is capable of infecting the cell, thereby introducing the vector into the

cell.

81. The vector or vehicle of any preceding paragraph, wherein the host cell is a bacterial or archaeal
cell, optionally, the host cell is a C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-
resistant Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S

pneumoniae or S aureus cell.

82. The vector or vehicle of any preceding paragraph for administration to a human or animal subject

for treating or reducing the risk of a disease or condition in the subject.

83. The vector or vehicle of paragraph 82, wherein the disease or condition is an infection of the
subject with host cells (eg, bacterial cells), or wherein the disease or condition is mediated by host

cells (eg, bacterial cells).

84. A pharmaceutical composition comprising the vector or vehicle of any preceding paragraph and a

pharmaceutically acceptable diluent, excipient or carrier.

85. A method of amplifying copies of a DNA encoding a functional Cas protein (optionally a Cas
nuclease) in a bacterial or archaeal production strain of cells, the method comprising

(a) Providing production strain cells, each cell comprising a copy of said DNA, wherein each
DNA comprises a nucleotide sequence encoding said Cas, wherein the nucleotide
sequence is under the control of a promoter for controlling the expression of the Cas in
the production strain cell, the DNA comprising an origin of replication that is operable in
the cell for replication of the DNA;

(b) Culturing the cells to allow replication of the DNA, whereby the DNA is amplified; and
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(c) Optionally isolating copies of the DNA,

86. The method of paragraph 85, wherein the promoter is a constitutive promoter.

87. The method of paragraph 85, wherein the promoter is repressible (optionally repressible by a

tetracycline repressor or a lac repressor).

88. The method of paragraph 85, wherein the promoter is inducible.

89. The method of any one of paragraphs 85 to 88, wherein the promoter is a medium strength

promoter.

90. The method of any one of paragraphs 85 to 89, wherein the promoter has an Anderson Score (AS)
of 0.5>AS >0.1.

91. The method of any one of paragraphs 85 to 90, wherein the nucleotide sequence encoding said
Cas is under the control of a promoter and translation initiation site (TIS) combination that is
capable of producing expression of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from 0.5 to 4 times
the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a P10
promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5’ to 3°
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide

sequence encoding GFP, a 3° UTR, a transcription terminator and a downstream insulator.

92. The method of paragraph 91, wherein fluorescence using the first EOU is 0.5 to 2 times the

fluorescence using the second EOU.

93. The method of any one of paragraphs 85 to 92, wherein the nuclease is Cas3 and optionally the
DNA or cell encodes cognate Cascade proteins and/or one or more ctRNAs that are operable for

Cas nuclease targeting.

For example, the targeting is targeting of the Cas to a protospacer sequence comprised by a host cell
chromosome or an episome thereof. In another example the targeting is in a recombineering method
and the Cas is targeted to a protospacer sequence of a DNA that has been introduced into or amplified

in the host cell. In an example of such recombineering, the host cell is an E coli cell.
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94. The method of any one of paragraphs 85 to 92, wherein the Cas is a Cas9.

95. The method of any one of paragraphs 85 to 92, wherein the Cas is a Type IIIA csm protein or a
Type IIIB cmr protein.

96. The method of any one of paragraphs 85 to 92, wherein the Cas is a Csf1.

97. The method of any one of paragraphs 85 to 92, wherein the Cas is a Cpfl.

98. The method of any one of paragraphs 85 to 92, wherein the Cas is a Cas13 (optionally Cas13a or
Cas13b).

99. The method of any one of paragraphs 85 to 92, wherein the Cas is selected from a Cas3, Cas8a,
Cas5, Cas8b, Cas8c, Cas10d, Csel, Cse2, Csyl, Csy2, Csy3, GSU0054, Cas10, Csm2, Cmr5,
Casl10, Csx11, Csx10, Csf1, Cas9, Csn2, Cas4, Cpf1, C2c1, C2c3, Cas13a, Cas13b and Casl3c.

100.  The method of any one of paragraphs 85 to 99, wherein the production strain cells comprise a
helper phage genome that is inducible to produce phage coat proteins in the cells, wherein the
method further comprises inducing production of the phage proteins and causing packaging of the
amplified DNA into phage particles or non-self-replicative transduction particles, and further
isolating the phage or transduction particles and optionally formulating the particles into a
pharmaceutical composition for administration to a human or animal subject for treating or

reducing the risk of a disease or condition in the subject.

101.  The method of paragraph 100, wherein the particles are capable of infecting target host cells
in the subject and transducing the cells with the DNA, wherein the Cas and crRNAs (or gRNAs)
encoded by the DNA are expressed in the cells, the crRNAs or (gRNAs) being operable to guide
the Cas to a target nucleotide sequence (optionally a chromosomal sequence) comprised by the
cells, wherein the Cas cuts the target sequences in the cells, thereby killing host cells and treating

or reducing the risk of the disease or condition.

102.  The method of paragraph 101, wherein the host cells are bacterial or archaeal cells,
optionally, the host cells are C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S

pneumoniae or S aureus cells.
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103.  The method of any one of paragraphs 85 to 102, wherein each DNA is comprised by a high
copy number vector, optionally a high copy number plasmid (an optionally the promoter is a

constitutive promoter).

104.  The method of any one of paragraphs 85 to 103, wherein each DNA is comprised by a vector

or vehicle according to any one of paragraphs 1 to 83.

105.  Use of an attenuated strength promoter in a DNA construct comprising a nucleotide sequence
encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of the
promoter, in a method of amplifying copies of the DNA in a population of bacterial or archaeal
production strain cells, the method comprising culturing the cells to allow replication of the DNA
thereby amplifying the DNA in the cells, for enhancing the yield of amplified DNA produced by

the production host cells.

Thus, said enhancing may be relative to the yield produced using a strong promoter, eg, a strong
constitutive promoter (for example a promoter having an Anderson Score (AS) of AS >0.5). In
another example, the strong promoter is a promoter comprised by a promoter and translation initiation
site (TIS) combination that is capable of producing expression of green fluorescent protein (GFP)
from a first expression operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of
>4 times the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a
P10 promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5’ to 3’
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide sequence

encoding GFP, a 3’ UTR, a transcription terminator and a downstream insulator.

106.  The use of paragraph 105, wherein the use is for enhancing said yield by
(d) reducing toxicity of the Cas in the production strain;
(e) reducing mutation of the DNA (optionally the Cas-encoding sequence) in the production
strain;
() promoting production cell viability during the amplification of the DNA; and/or
(g) reducing the occurrence of Cas cutting of DNA (optionally cutting of production host cell

chromosomal DNA or said DNA construct).

107.  Use of an attenuated strength promoter in a DNA construct comprising a nucleotide sequence
encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of the
promoter, in a method of amplifying copies of the DNA in a population of bacterial or archaeal

production strain cells, the method comprising culturing the cells to allow replication of the DNA
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thereby amplifying the DNA in the cells, for reducing toxicity of the Cas in the production strain.

108.  Use of an attenuated strength promoter in a DNA construct comprising a nucleotide sequence
encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of the
promoter, in a method of amplifying copies of the DNA in a population of bacterial or archaeal
production strain cells, the method comprising culturing the cells to allow replication of the DNA
thereby amplifying the DNA in the cells, for reducing mutation of the DNA (optionally the Cas-

encoding sequence) in the production strain.

109.  Use of an attenuated strength promoter in a DNA construct comprising a nucleotide sequence
encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of the
promoter, in a method of amplifying copies of the DNA in a population of bacterial or archaeal
production strain cells, the method comprising culturing the cells to allow replication of the DNA
thereby amplifying the DNA in the cells, for promoting production cell viability during the
amplification of the DNA.

110.  Use of an attenuated strength promoter in a DNA construct comprising a nucleotide sequence
encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of the
promoter, in a method of amplifying copies of the DNA in a population of bacterial or archaeal
production strain cells, the method comprising culturing the cells to allow replication of the DNA

thereby amplifying the DNA in the cells, for reducing the occurrence of Cas cutting of DNA.

111. A method for enhancing the yield of amplified copies of a DNA construct in a population of
bacterial or archaeal production strain cells, wherein the construct comprises a nucleotide
sequence encoding a functional Cas protein (optionally a Cas nuclease) that is under the control of
a promoter, the method comprising culturing the cells to allow replication of the DNA thereby

amplifying the DNA in the cells, wherein the promoter is an attenuated strength promoter.

112. A method for reducing toxicity of a functional Cas protein (optionally a Cas nuclease) in a
population of bacterial or archaeal production strain cells in a process of amplifying copies of a
DNA construct, wherein the construct comprises a nucleotide sequence encoding the Cas and the
sequence is under the control of a promoter, the method comprising culturing the cells to allow
replication of the DNA thereby amplifying the DNA in the cells, wherein the promoter is an

attenuated strength promoter.

113. A method for reducing mutation of a DNA construct encoding a functional Cas protein

(optionally a Cas nuclease) in a population of bacterial or archaeal production strain cells in a
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process of amplifying copies of the construct, wherein the construct comprises a nucleotide
sequence encoding the Cas and the sequence is under the control of a promoter, the method
comprising culturing the cells to allow replication of the DNA thereby amplifying the DNA in the

cells, wherein the promoter is an attenuated strength promoter.

114. A method for promoting production cell viability of a population of bacterial or archaeal
production strain cells in a process of amplifying copies of a DNA construct comprised by the
cells, wherein the construct comprises a nucleotide sequence encoding a functional Cas protein
(optionally a Cas nuclease) and the sequence is under the control of a promoter, the method
comprising culturing the cells to allow replication of the DNA thereby amplifying the DNA in the

cells, wherein the promoter is an attenuated strength promoter.

115. A method for reducing the occurrence of Cas nuclease cutting of a DNA construct in a
population of bacterial or archaeal production strain cells in a process of amplifying copies of the
construct, wherein the construct comprises a nucleotide sequence encoding the Cas and the
sequence is under the control of a promoter, the method comprising culturing the cells to allow
replication of the DNA thereby amplifying the DNA in the cells, wherein the promoter is an

attenuated strength promoter.

116.  The use of paragraph 108 or 110, or the method of paragraph 113 or 115, wherein the

mutation or cutting is mutation or cutting of host cell chromosomal DNA or the construct DNA.

117.  The use or method of any one of paragraphs 105 to 116, wherein the promoter is a

constitutive promoter.

118.  The use or method of any one of paragraphs 105 to 117, wherein the promoter is repressible

(optionally repressible by a tetracycline repressor or a lac repressor).

In an example, the promoter is a constitutive promoter and optionally the DNA is comprised by a high

copy number plasmid or phagemid.

119, The use or method of any one of paragraphs 105 to 118, wherein the promoter is Prieo-1,

PLico-1 Or a repressible homologue thereof.

PLico-1 is repressed by lac repressor (LacR). Preio-1 is repressed by tet repressor (TetR).
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120.  The use or method of any one of paragraphs 105 to 119, wherein the promoter is a medium

strength promoter.

121.  The use or method of any one of paragraphs 105 to 120, wherein the promoter has an
Anderson Score (AS) of 0.5>AS >0.1.

122, The use or method of any one of paragraphs 105 to 121, wherein the nucleotide sequence
encoding said Cas is under the control of a promoter and translation initiation site (TIS)
combination that is capable of producing expression of green fluorescent protein (GFP) from a
first expression operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from
0.5 to 4 times the fluorescence produced in E. coli strain BW25113 cells using a second EOU
comprising a P10 promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2),
wherein the EOUs differ only in their promoter and TIS combinations, wherein each EOU
comprises (in 5’ to 3’ direction) an upstream initiator, the respective promoter, the respective TIS,
a nucleotide sequence encoding GFP, a 3° UTR, a transcription terminator and a downstream

insulator.

123.  The use or method of paragraph 122, wherein fluorescence using the first EOU is 0.5 to 2

times the fluorescence using the second EOU.

124.  The use or method of any one of paragraphs 105 to 123, wherein the nuclease is Cas3 and

optionally the DNA construct encodes cognate Cascade proteins.

125.  The use or method of any one of paragraphs 105 to 123, wherein the Cas is a Cas9.

126.  The use or method of any one of paragraphs 105 to 123, wherein the Cas is a Type IIIA csm

protein or a Type IIIB cmr protein.

127.  The use or method of any one of paragraphs 105 to 123, wherein the Cas is a Csf1.

128.  The use or method of any one of paragraphs 105 to 123, wherein the Cas is a Cpf1.

129.  The use or method of any one of paragraphs 105 to 123, wherein the Cas is a Cas13
(optionally Cas13a or Cas13b).

130.  The use or method of any one of paragraphs 105 to 123, wherein the Cas is selected from a
Cas3, Cas8a, Cas5, Cas8b, Cas8c, Cas10d, Csel, Cse2, Csyl, Csy2, Csy3, GSU0054, Cas10,
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Csm2, Cmr5, Cas10, Csx11, Csx10, Csf1, Cas9, Csn2, Cas4, Cpfl, C2c1, C2c3, Cas13a, Cas13b
and Cas13c.

131.  The use or method of any one of paragraphs 105 to 130, wherein the DNA construct
comprises one or more nucleotide sequences for producing ctrRNAs or gRNAs that are operable

for Cas nuclease targeting.

132, The use or method of any one of paragraphs 105 to 131, wherein the production strain cells
comprise a helper phage genome that is inducible to produce phage coat proteins in the cells,
wherein the method further comprises inducing production of the phage proteins and causing
packaging of the amplified DNA into phage particles or non-self-replicative transduction
particles, and further isolating the phage or transduction particles and optionally formulating the
particles into a pharmaceutical composition for administration to a human or animal subject for

treating or reducing the risk of a disease or condition in the subject.

133, The method of paragraph 132, wherein the particles are capable of infecting target host cells
in the subject and transducing the cells with the DNA, wherein the Cas and crRNAs (or gRNAs)
encoded by the DNA are expressed in the cells, the crRNAs or (gRNAs) being operable to guide
the Cas to a target nucleotide sequence (optionally a chromosomal sequence) comprised by the
cells, wherein the Cas cuts the target sequences in the cells, thereby killing host cells and treating

or reducing the risk of the disease or condition.

134, The method of paragraph 133, wherein the host cells are bacterial or archaeal cells,
optionally, the host cells are C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S

pneumoniae or S aureus cells.
135.  The use or method of any one of paragraphs 105 to 134, wherein each DNA is comprised by a
high copy number vector, optionally a high copy number plasmid (an optionally the promoter is a

constitutive promoter).

136.  The use or method of any one of paragraphs 105 to 135, wherein each DNA is comprised by a

vector according to any one of paragraphs 1 to 78 and 81 to 83.

[00023] There is also provided the following clauses:-
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CLAUSES:

A nucleic acid vector for introduction into a host cell, the vector comprising a first nucleotide
sequence encoding a Type I Cas3 and a second nucleotide sequence encoding one or more
Cascade proteins, wherein the first and second sequences are under the control of one or more

promoters comprised by the vector for expression of the proteins in the cell.

The vector of clause 1, wherein the vector comprises an operon for expression in the cell of the
Cas3 and Cascade proteins from a Cas module, the module comprising the nucleotide sequences
encoding the Cas3 and Cascade proteins, and the operon comprising the Cas module under the

control of a promoter for controlling the expression of both the Cas3 and Cascade proteins.

The vector of clause 2, wherein
(a) the first sequence is between the promoter and the second sequence in the operon;
(b) the operon comprises no Cas-encoding nucleotide sequences between the promoter and
the first nucleotide sequence; and/or
(c) the operon comprises (in 5’ to 3° direction) the promoter, the first sequence and the

second sequence.

The vector of any preceding clause, wherein each promoter is a constitutive promoter.

The vector of any one of clauses 1 to 3, wherein the promoter is repressible (optionally repressible

by a tetracycline repressor or lac repressor).

The vector of any one of clauses 1 to 3, wherein the promoter is inducible.

The vector of any preceding clause, wherein the first sequence is under the control of a medium

strength promoter.

The vector of any preceding clause, wherein the first sequence is under the control of a promoter

that has an Anderson Score (AS) of 0.5>AS >0.1.

The vector of any preceding clause, wherein the first sequence (and optionally the second
sequence) is under the control of a promoter and translation initiation site (TIS) combination that
is capable of producing expression of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from 0.5 to 4 times

the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a P10
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promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5° to 3’
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide

sequence encoding GFP, a 3’ UTR, a transcription terminator and a downstream insulator.

The vector of clause 9, wherein fluorescence using the first EOU is 0.5 to 2 times the fluorescence

using the second EOU.

The vector of any preceding clause, wherein the vector comprises an origin of replication that is

operable in the host cell.

The vector of any preceding clause, wherein the vector comprises an origin of replication that is
operable in a bacterial cell of a vector production strain, wherein the Cas3 is not operable in the
production strain cell to target and cut a chromosomal sequence thereof.

The vector of clause 12, wherein the first sequence is under the control of a promoter that is
capable of controlling expression of the Cas3 at a level that is not toxic to the production strain
cell.

The vector of any preceding clause, wherein the vector is a high copy number vector.

The vector of any preceding clause, wherein the first nucleotide sequence or operon is comprised

by a mobile genetic element.

The vector of any preceding clause, wherein the vector is devoid of a Cas adaption module.

The vector of any preceding clause, wherein the vector is devoid of nucleotide sequence encoding

one, more or all of a Cas1, Cas2, Cas4, Cas6, Cas7 and Cas 8.

The vector of any preceding clause, wherein the vector comprises (optionally in 5° to 3’ direction)

nucleotide sequence encoding one, more or all of Cas11, Cas7 and Cas8al.

The vector of clause 18, wherein the vector comprises nucleotide sequence encoding Cas3’ and/or

Cas3”’.
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The vector or clause 19, wherein the nucleotide sequences encoding the Cas3’ and/or Cas3’’ are

between the promoter and the sequence(s) recited in clause 18.

The vector of any one of clauses 18 to 20, wherein the host cell comprises a Type IA CRISPR

array that is cognate with the Cas3.

The vector of any one of clauses 18 to 20, wherein the host cell comprises an endogenous Type

IB, C, U, D, E or F CRISPR/Cas system.

The vector of any one of clauses 1 to 17, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas8b1, Cas7 and Cas5.

The vector of clause 23, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in clause 23.

The vector of clause 23 or 24, wherein the host cell comprises a Type IB CRISPR array that is
cognate with the Cas3.

The vector of clause 23 or 24, wherein the host cell comprises an endogenous Type 1A, C, U, D, E

or F CRISPR/Cas system.

The vector of any one of clauses 1 to 17, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas5, Cas8c and Cas7.

The vector of clause 27, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in clause 27.

The vector of clause 27 or 28, wherein the host cell comprises a Type IC CRISPR array that is
cognate with the Cas3.

The vector of clause 27 or 28, wherein the host cell comprises an endogenous Type 1A, B, U, D, E

or F CRISPR/Cas system.

The vector of any one of clauses 1 to 17, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas8U2, Cas7, Cas5 and Cas6.
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32. The vector of clause 31, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in clause 31.

33. The vector of clause 31 or 32, wherein the host cell comprises a Type IU CRISPR array that is

cognate with the Cas3.

34. The vector of clause 31 or 32, wherein the host cell comprises an endogenous Type IA, B, C, D, E
or F CRISPR/Cas system.

35. The vector of any one of clauses 1 to 17, wherein the vector comprises (optionally in 5° to 3°

direction) nucleotide sequence encoding one, more or all of Cas10d, Cas7 and Cas5.

36. The vector of clause 35, wherein the vector comprises a nucleotide sequence encoding Cas3’
and/or Cas3”’.

37. The vector of clause 36, wherein the nucleotide sequences encoding the Cas3’ and/or Cas3’’ are

between the promoter and the sequence(s) recited in clause 35.

38. The vector of any one of clauses 35 to 37, wherein the host cell comprises a Type ID CRISPR

array that is cognate with the Cas3.

39. The vector of any one of clauses 35 to 37, wherein the host cell comprises an endogenous Type

IA, B, C, U, E or F CRISPR/Cas system.

40. The vector of any one of clauses 1 to 17, wherein the vector comprises (optionally in 5° to 3’

direction) nucleotide sequence encoding one, more or all of Cas8e, Cas11, Cas7, Cas5 and Cas6.

41. The vector of clause 40, wherein the vector comprises a nucleotide sequence encoding Cas3

between the promoter and the sequence(s) recited in clause 40.

42. The vector of clause 40 or 41, wherein the host cell comprises a Type IE CRISPR array that is
cognate with the Cas3.

43. The vector of clause 40 or 41, wherein the host cell comprises an endogenous Type IA, B, C, D,

U or F CRISPR/Cas system.
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The vector of any one of clauses 1 to 17, wherein the vector comprises (optionally in 5’ to 3’

direction) nucleotide sequence encoding one, more or all of Cas8f, Cas5, Cas7 and Cas6f.

The vector of clause 44, wherein the vector comprises a nucleotide sequence encoding Cas3
between the promoter and the sequence(s) recited in clause 44, wherein the vector is devoid of
nucleotide sequence encoding further Cas between the promoter and the sequence encoding the

Cas3.

The vector of clause 44 or 45, wherein the host cell comprises a Type IF CRISPR array that is

cognate with the Cas3.

The vector of clause 44 or 45, wherein the host cell comprises an endogenous Type IA, B, C, D,

U or E CRISPR/Cas system.

The vector of any one of clauses 1 to 17, wherein the Cas and Cascade are
(a) Type IA Cas and Cascade proteins;
(b) Type IB Cas and Cascade proteins;
(c) Type IC Cas and Cascade proteins;
(d) Type ID Cas and Cascade proteins;
(e) Type IE Cas and Cascade proteins;
(f) TypeIF Cas and Cascade proteins; or
(g) Type IU Cas and Cascade proteins.

The vector of any preceding clause, wherein the Cas and Cascade are E coli (optionally Type IE

or IF) Cas and Cascade proteins.

The vector of clause 49, wherein the E coli is ESBL-producing E. coli or E. coli ST131-025b:H4.

The vector of any preceding clause, wherein the Cas and Cascade are
(a) Clostridium (eg, C dificile) Cas and Cascade proteins, optionally C dificile resistant to
one or more antibiotics selected from aminoglycosides, lincomycin, tetracyclines,
erythromycin, clindamycin, penicillins, cephalosporins and fluoroquinolones;
(b) Pseudomonas aeruginosa Cas and Cascade proteins, optionally P aeruginosa resistant to
one or more antibiotics selected from carbapenems, aminoglycosides, cefepime,

ceftazidime, fluoroquinolones, piperacillin and tazobactam; or
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(c) Klebsiella pneumoniae (eg, carbapenem-resistant Kiebsiella pneumoniae or Extended-

Spectrum Beta-Lactamase (ESBL)-producing K pneumoniae) Cas and Cascade proteins.

The vector of any preceding clause, wherein the Cas and Cascade are E coli, C difficile, P

aeruginosa, K pneumoniae, P furiosus or B halodurans Cas and Cascade proteins.

The vector of any preceding clause, wherein the Cas3 is a Cas3 of a CRISPR/Cas locus of a first
bacterial or archaeal species, wherein the distance between the Cas3-encoding sequence of the
locus and its cognate promoter is further than the distance between the Cas3-encoding sequence

and the respective promoter comprised by the vector.

. The vector of any preceding clause, wherein the distance between the promoter and the Cas3-

encoding sequence and/or Cascade protein-encoding sequence(s) is shorter than in a

corresponding wild-type Type I locus.

The vector of any preceding clause, wherein the vector comprises (i) a CRISPR array for
producing crRNAs in the host cell and/or (ii) one or more nucleotide sequences encoding one or
more guide RNAs (gRNAs or single gRNAs), wherein the crRNAs or gRNAs are cognate to the

Cas3 (and optionally cognate to the Cascade proteins).

The vector of clause 55 when dependent from clause 2, wherein the array or gRNA-encoding

sequence(s) are comprised by the operon and under the control of the promoter.

The vector of clause 56, wherein the array or gRNA-encoding sequence(s) are under the control

of a promoter that is different from the promoter that controls the expression of the Cas3.

The vector of clause 56 or 57, wherein one or more of the crRNAs or gRNAs comprises a spacer
sequence that is capable of hybridising to a target nucleotide sequence of the host cell, wherein
the target sequence is adjacent a PAM, the PAM being cognate to the Cas3.

The vector of clause 58, wherein the target sequence is a chromosomal sequence of the host cell.

The vector of clause 58 or 59, wherein the Cas3 is operable to cut the target sequence.

The vector of any preceding clause, wherein the vector is a plasmid or phagemid.
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62. A delivery vehicle comprising the vector of any preceding clause, wherein the delivery vehicle is

capable of delivering the vector into the host cell.

63. The vehicle of clause 62, wherein the delivery vehicle is a phage, non-replicative transduction

particle, nanoparticle carrier, bacterium or liposome.

64. The vector or vehicle of any preceding clause, wherein the host cell is a bacterial or archaeal cell,
optionally, the host cell is a C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S

pneumoniae or S aureus cell.

65. The vector or vehicle of any preceding clause for administration to a human or animal subject for

treating or reducing the risk of a disease or condition in the subject.

66. The vector or vehicle of clause 65, wherein the disease or condition is an infection of the subject
with host cells (eg, bacterial cells), or wherein the disease or condition is mediated by host cells

(eg, bacterial cells).

67. A pharmaceutical composition comprising the vector or vehicle of any preceding clause and a

pharmaceutically acceptable diluent, excipient or carrier.

[00024] 1t 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. Reference is made to WO2017/118598,
US20180140698, US20170246221, US20180273940, US20160115488, US20180179547,
US20170175142, US20160024510, US20150064138, US20170022499, US20160345578,
US20180155729, US20180200342, W02017112620, W0O2018081502, PCT/EP2018/066954,
PCT/EP2018/066980, PCT/EP2018/071454 and USSN 15/985,658 and equivalent publications by
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the US Patent and Trademark Office (USPTO) or WIPO, the disclosures of which are
incorporated herein by reference for providing disclosure that may be used in the present
invention and/or to provide one or more features (eg, of a vector) that may be included in one or
more claims herein.

[00025] The use of the word "a" or "an" when used in conjunction with the term "comprising" in the
claims and/or the 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.

[00026] 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

[00027] 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.

[00028] Any part of this disclosure may be read in combination with any other part of the disclosure,
unless otherwise apparent from the context.

[00029] 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.

[00030] The present invention is described in more detail in the following non-limiting Examples.
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EXAMPLES

[00031] The examples illustrate fast and precision killing of Escherichia coli strains. As a model
programmable nuclease system, we used a CRISPR guided vector (CGV™) to specifically target
Escherichia coli MG1655.

EXAMPLE 1. Single-Vector Cas3 & Cascade: Type I CRISPR-Cas system targeting E. coli.

[00032] A plasmid (which we call a CRISPR Guided Vector™, CGV™) was constructed comprising
an operon with nucleotide sequences encoding a Type I Cas3 and Cascade proteins under the
control of a common promoter. C. dificile Type IB Cas3 and Cascade was used. A cognate
CRISPR array comprising C. djficile repeat sequences and spacer sequence for targeting an E. coli
host cell chromosome was also introduced into target cells. An adaptation module containing
Casl, Cas2 and Cas4 was omitted in the vector (see Fig. 1A). In the wild-type C. dificile Type 1B
CRISPR/Cas locus, the cas3 gene is 3° of the Cascade genes (cas8b1, cas7 and cas5) and thus
spaced away from the promoter upstream of the Cascade genes. When we tried this arrangement,
we found killing of E. coli cells, but surprisingly when we changed to a synthetic operon
arrangement (in 5° to 3’ orientation) of promoter, cas3, cas8b1, cas7 and cas5 we saw

significantly higher killing of the target E. coli cells.

[00033] Results using this synthetic operon arrangement are shown in Figure 1. In Fig 1B there is
shown a dilution series (10'-10°) of drop spots (5 ul) of target E. coli MG1655 cells harboring the
CGYV on LB agar plates with and without inducers. CRISPR/Cas induction surprisingly killed
99.9% of the population (Fig 1C, grey bar). Growth in absence of induction is shown in black.
CGV™ refers to a CRISPR Guided Vector™, which is a nucleic acid vector comprising

nucleotide sequences encoding CRISPR/Cas components.

[00034] We also managed to achieve desirable targeted killing of E coli cells using a similar set-up,
except that E coli Type IE Cas and Cascade were used, together with a cognate array targeting
host cell E coli chromosomal DNA (data not shown). In this case, a vector was used comprising
(in 5’ to 3’ direction) a promoter controlling the expression of Cas3, Cas8e, Casl1, Cas7, Cas5

and Cas6 in an operon.

Materials and methods
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[00035] E. coli MG 1655 was grown in lysogeny broth (LB) with shaking (250 rpm) at 37 °C. When
necessary, cultures were supplemented with tetracycline (10 ug/mL), and spectinomycin (400
pug/mL).

[00036] To construct a plasmid containing C. difficile CRISPR system under arabinose inducible
pBAD promoter, cas3, cas6, cas8b, cas7 and cas5 genes from C. difficile were amplified and
cloned in a low copy number plasmid (pSC101 ori). cas3 was located in the beginning of the
operon followed by cas6, cas8b, cas7 and cas5. The adaptation module (consisting of cas!, cas2,
and cas4) was omitted in the vector (Fig. 1A). A second plasmid containing an IPTG inducible
single—spacer array targeting a chromosomal intergenic region in E. coli MG1655 was
constructed (Fig. 1A). The spacer was cloned under control of the IPTG-inducible Ptrc promoter,
in a CloDF13 ori backbone. It contains 37 nucleotides from the genome of E. coli MG1655
(ctttgecgegegcettegteacgtaattctegtegeaa) (SEQ ID NO: 26). Additionally, the 3'-CCT protospacer
adjacent motif (PAM) is located adjacent to the selected target sequence in the genome of E. coli

MG1655 (Fig. 1A).

[00037] To perform killing assays, both plasmids were transformed into E. coli MG1655 by
electroporation. Transformants were grown in liquid LB with antibiotics to mid-log phase, and the
killing efficiency was determined by serial dilution and spot plating onto LB, and LB + inducers
(0.5 mM IPTG and 1 % arabinose). Viability was calculated by counting colony forming units

(CFUs) on the plates and data were calculated as viable cell concentration (CFU/ml).

EXAMPLE 2. Single-Vector Cas3-Cascade & Array: Type I CRISPR-Cas system targeting E.

coli.

[00038] A plasmid (which we call a CRISPR Guided Vector™, CGV™) was constructed comprising
an operon with nucleotide sequences encoding a Type I Cas3 and Cascade proteins under the
control of a common promoter. C. dificile Type IB Cas3 and Cascade was used. An adaptation
module containing Cas1, Cas2 and Cas4 was omitted in the vector. A cognate CRISPR array
comprising C. dificile repeat sequences and spacer sequence for targeting an E. coli host cell

chromosome was also included in the vector (see Figure 2A).

[00039] The CGV was transformed into E. coli MG1655. Results using this synthetic operon
arrangement are shown in Figure 2. In Fig 2B there is shown a dilution series (10'-10°) of drop
spots (5 ul) of target E. coli MG 1655 cells harboring the CGV on synthetic medium (SM) agar

plates with and without inducers. CRISPR/Cas induction resulted in more than 2-logio reductions

49



WO 2020/078893 PCT/EP2019/077760

in viable cells of E. coli MG1655 (Fig 2C, grey bar). Growth in absence of induction is shown in
black.

[00040] The survival of E. coli M(G1655 upon induction was followed over time by plating the
cultures in serial dilutions every 60 minutes, for 2 hours (Figure 3). Killing curves revealed that
CRISPR/Cas induction mediated rapid killing of E. coli M(G1655, generating a two-logio
reduction in E. coli by the first 60 minutes. Fig 3B shows a dilution series (10'-10°) of drop spots
(5 ul) of induced and non-induced cultures of target E. coli MG1655 on LB agar plates.

Materials and methods

[00041] E. coli MG1655 was grown in synthetic medium (SM) with shaking (250 rpm) at 37 °C.

Cultures were supplemented with 10 pg/mL tetracycline when required.

[00042] To construct a plasmid containing C. difficile CRISPR system under arabinose inducible
pBAD promoter, cas3, cas6, cas8b, cas7 and cas5 genes from C. difficile were amplified and
cloned in a low copy number plasmid (pSC101 ori). cas3 was located in the beginning of the
operon followed by cas6, cas8bh, cas7 and cas5. Additionally, an IPTG inducible single—spacer
array targeting a chromosomal intergenic region in E. coli M(G1655 was included in the
vector under control of the IPTG-inducible Ptrc promoter (Fig 2A). It contains 37 nucleotides
from the PKS gene (previously integrated into the genome of E. coli MG1655)
(gtttggegatggegegggtgtggttgtgcttecggegt) (SEQ ID NO: 27). Additionally, the 3'-CCT protospacer
adjacent motif (PAM) is located adjacent to the selected target sequence in the genome of E. coli

MG1655.

[00043] The CGV was transformed into E. coli MG1655 by electroporation. Transformants were
grown in liquid SM with antibiotics to mid-log phase, and the killing efficiency was determined
by serial dilution and spot plating onto LB, and LB + inducers (0.5 mM IPTG and 1 % arabinose).
Viability was calculated by counting colony forming units (CFUs) on the plates and data were

calculated as viable cell concentration (CFU/ml).

[00044] To perform killing curves, E. coli M(G1655 harboring the CGV was grown in liquid SM with
antibiotics to mid-log phase. The culture was divided into two tubes and either inducers (0.5 mM
IPTG and 1 % arabinose) or PBS were added. Survival of the strain was followed over time by
plating the cultures in serial dilutions (10'-10°) of drop spots (5 pl) every 60 minutes, for 2 h, on
SM plates with antibiotics. Survival frequency was calculated by counting colony forming units

(CFUs) on the plates and data were calculated as viable cell concentration (CFU/ml).
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EXAMPLE 3. Precision killing of target strain E. coli MG1655 in a microbiome.

[00045] An artificial microbial consortium was constructed to study the efficiency of the CGV
carrying the CRISPR-Cas system of C. difficile, to specifically target E. coli MG1655 in the

presence of other microbes, mimicking the human microbiome.

[00046] The synthetic consortium consisted of three strains (two different species) with differential
antibiotic resistance profiles: a streptomycin-resistant E. coli MG1655 (target strain), an
ampicillin—resistant E. coli Top10, and a chloramphenicol-resistant Lactococcus lactis NZ9000.
To create the consortium, bacterial cultures were grown separately in Brain Heart Infusion broth
(BHI, optimal growth medium for L. lactis) to mid-log phase and mixed in fresh BHI broth with
and without inducers. After 1 h induction at 30 °C, the composition of the consortium was
determined by counting viable colonies on selective plates. Induction of the CRISPR system in
the mixed community, resulted in >10-fold killing of target E. coli M(G1655, while leaving E. coli
Topl0 and L. lactis NZ900O0 cell populations unharmed (Figure 4A). In Fig 4B there is shown a
dilution series (10'-10%) of drop spots (5 ul) of the synthetic consortium after 1 h induction on

BHI agar plates.

[00047] Additionally, CRISPR killing of target strain E. coli M(G1655 in the synthetic microbial
consortium was compared to a pure culture (ie, target strain E. coli MG1655 that is not mixed
with another strain or species). Unexpectedly, in both conditions, killing of 4 logs was achieved
when plated on BHI agar plates with inducers (Figure SA). Thus, surprisingly the killing in the
microbiome setting was as efficient as the killing in pure culture. In Fig 5B there is shown a
dilution series (10'-10°) of drop spots (5 ul) of the synthetic consortium and E. coli MG1655 in

pure culture on BHI agar plates with and without inducers.

Materials and methods

[00048] E. coli MG 1655, E. coli Topl0, and Lactococcus lactis NZ9000 were grown in BHI broth
with shaking (250 rpm) at 30 °C. Cultures were supplemented with 1000 pg/mL streptomycin,
100 pg/mL ampicillin, or 10 pg/mL chloramphenicol, respectively.

[00049] To create the consortium, bacterial cultures were grown in BHI with appropriate antibiotics to
mid-log phase. Cultures were washed twice in PBS to remove the antibiotics and mixed in fresh
BHI broth. The mixed culture was spotted onto BHI plates with streptomycin, ampicillin or

chloramphenicol to quantify the initial concentration of E. coli MG1655, E. coli Top10 and L.
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lactis NZ9000, respectively. The mixed culture was divided into two tubes and either inducers
(0.5 mM IPTG and 1 % arabinose) or PBS were added. After 1 h induction at 30 °C, the
composition of the consortium was calculated by counting colony forming units (CFUSs) on

selective plates and data were calculated as viable cell concentration (CFU/ml).

EXAMPLE 4. Use of Promoter Repression in Vector Amplification Strains

[00050] We engineered an E coli Top10 production strain cell population comprising plasmid CGV
DNA and an expressible sequence encoding a Tet repressor (TetR). The DNA comprised a Cas9-
encoding nucleotide sequence under the control of a Tet promoter (pLtetO-1 promoter). The
promoter is normally constitutively ON, but it was repressed by TetR in our cells. Thus, in this
way we could successfully culture the cells and amplify the CGV without observing adverse

toxicity due to Cas9 expression.

[00051]In an experiment in the absence of repression, we did not observe any colonies of production
strain bacteria, and we surmise that this was due to Cas9 toxicity. We believe, in addition to
providing a way of increasing CGV yield (eg, for subsequent packaging into phage or non-self-
replicative transduction particles), our method using repression can minimize selection for
mutations in the DNA that would otherwise be forced by higher Cas9 expression and cutting (eg,
due to CGV cutting).

References
[00052] Mutalik er al, Nat Methods. 2013 Apr;10(4):354-60. doi: 10.1038/nmeth. 2404. Epub 2013
Mar 10, “Precise and reliable gene expression via standard transcription and translation initiation

clements”.
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TABLE 2: Sequences

Nucleic acid sequences herein are written in 5° to 3” direction; amino acid sequences are written in N-

to C-terminal direction.
SEQ ID NO: 1 (P10)
TTCAATTTAATCATCCGGCTCGTATAATGTGTGGA

SEQ ID NO: 2 (BCD14)
GGGCCCAAGTTCACTTAAAAAGGAGATCAACAATGAAAGCAATTTTCGTACTGAAACAT
CTTAATCATGCGGTGGAGGGTTICTAATG

SEQ ID NO: 3 (gfp)
ATGAGCAAAGGAGAAGAACTTTTCACTGGAGTTGTC

SEQ ID NO: 4 (example EOU)
[ﬁxmmﬁm Qymmg Unit ]

{Esoitb Balis-aF Stopaapotspeces ol feeminator T TATRoMS S5pE 1" proviolei-B CD-sf CFP. Kol Bamhilh bl teeminator (3UTHG

AATTORA ABATCTTAAS TAAGTAABAGT ATADGTATATURRCTAR
TASCGTATTAAGEL LT VCAGLOUUTTTITTIATGRSGETATT TTCATCUCCA TOUACAC G T DUAALG CACNGURIAALA
AOGTORACOTATCAGCTOLETGCTTTCTATGAGTCO TTOCTGUAT AR TTGALAAT TARTUATOCGRCTOUTATAA
TETGTRGMABCD G0
GATCCARALTCOAGTAALGATUTCCAGLUATCARATAB AR LGARRGLUTUAGTUC MAGACTGOOCCT TICATTTTA
TCTGTTGTTTGTCOG TEAACRCTCTOTACTAGAGTCACAC TGO TCACCTTICHGOTAGHCCTTICTGLGTTTATA

SEQ ID NO: 4

gaattcaaaa gatcttaagt aagtaagagt atacgtatat cggctaataa cgtattaagg cgcettcggeg cctttttita tgggeetatt
ttcatcccaa tecacacgtc caacgeacag caaacaccac gtcgacccta tcagetgegt getttctatg agtegttget geataacttg
acaattaatc atccggceteg tataatgtgt ggaa- BCD-GOI -ggat ccaaactcga gtaaggatet ccaggeatca aataaaacga
aaggctcagt cgaaagactg ggcctitegt tttatctgtt gtttgtcggt gaacgcetcete tactagagic acactggcete accttegggt
ggegcctttct gegtttata

SEQ ID NO: 5 (Example Shine Dalgarno Sequence)
Aaagaggagaaa

SEQ ID NO: 26 (Spacer sequence)
ctttgeegegegcettegtcacgtaattctegicgeaa

SEQ ID NO: 27 (Spacer sequence)
gtttggcgatggcgegggtatggtigtacticggegt
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SEQID
Identifier Sequence® Measured Strength®
NO:

p BBa J23119 ttgacagctagctcagtcctaggtataatgetage n/a
7 BBa J23100 ttgacggctagctcagtcctaggtacagtgetage 1

g BBa J23101 tttacagctagctcagtcctaggtattatgetage 0.7
9 BBa J23102 ttgacagctagctcagtcctaggtactgtgetage 0.86
10 BBa J23103 ctgatagctagetcagtcctagggattatgetage 0.01
1 BBa J23104 ttgacagctagctcagtcctaggtattgtgctage 0.72
1 BBa J23105 tttacggctagctcagtcctaggtactatgetage 0.24
13 BBa J23106 tttacggctagctcagtcctaggtatagtgctage 0.47
14 BBa J23107 tttacggctagctcagecctaggtattatgetage 0.36
15 BBa J23108 ctgacagctagctcagtcctaggtataatgetage 0.51
16 BBa J23109 tttacagctagctcagtectagggactgtgetage 0.04
17 BBa J23110 tttacggctagetcagtcctaggtacaatgetage 0.33
18 BBa J23111 ttgacggctagctcagtcctaggtatagtgctage 0.58
19 BBa J23112 ctgatagctagctcagtcctagggattatgetage 0
20 BBa J23113 ctgatggctagetcagtcctagggattatgctage 0.01
’1 BBa J23114 tttatggctagctcagtcctaggtacaatgetage 0.1
» BBa J23115 (ttatagctagctcageccttggtacaatgetage 0.15
7 BBa J23116 ttgacagctagctcagtcctagggactatgetage 0.16
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4 BBa J23117 ttgacagctagctcagtcctagggattgtgctage 0.06

95 BBa J23118 ttgacggctagctcagtcctaggtatigtgctage 0.56

a: also shown in the Anderson Catalog, see http://parts.igem,org/Promoters/Catalog/Anderson

b: Strength is the Anderson Score (AS), eg, a strength of 1 isa AS of 1. Reported activities of the
promoters are given as the relative fluorescence of plasmids in strain TG1 grown in LB media to
saturation. A suitable plasmid is EX-Ptet-S-rbsRFP-P "RFP reporter” as described at
http://parts.igem.org/Part:BBa_J61002; insertion of a promoter element between Xbal and Spel sites

results in a RFP reporter.
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CLAIMS:

A nucleic acid vector for introduction into a host cell, the vector comprising a first nucleotide
sequence encoding a Type I Cas3 and a second nucleotide sequence encoding one or more
Cascade proteins, wherein the first and second sequences are under the control of one or more

promoters comprised by the vector for expression of the proteins in the cell.

The vector of claim 1, wherein the vector comprises an operon for expression in the cell of the
Cas3 and Cascade proteins from a Cas module, the module comprising the nucleotide sequences
encoding the Cas3 and Cascade proteins, and the operon comprising the Cas module under the

control of a promoter for controlling the expression of both the Cas3 and Cascade proteins.

The vector of claim 2, wherein
(a) the first sequence is between the promoter and the second sequence in the operon;
(b) the operon comprises no Cas-encoding nucleotide sequences between the promoter and
the first nucleotide sequence; and/or
(c) the operon comprises (in 5’ to 3° direction) the promoter, the first sequence and the

second sequence.

The vector of any preceding claim, wherein first sequence is under the control of a promoter that

has an Anderson Score (AS) of 0.5>AS >0.1.

The vector of any preceding claim, wherein the first sequence (and optionally the second
sequence) is under the control of a promoter and translation initiation site (TIS) combination that
is capable of producing expression of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with a fluorescence of from 0.5 to 4 times
the fluorescence produced in E. coli strain BW25113 cells using a second EOU comprising a P10
promoter (SEQ ID NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), wherein the EOUs
differ only in their promoter and TIS combinations, wherein each EOU comprises (in 5’ to 3°
direction) an upstream initiator, the respective promoter, the respective TIS, a nucleotide

sequence encoding GFP, a 3° UTR, a transcription terminator and a downstream insulator.
The vector of any preceding claim, wherein the vector is devoid of a Cas adaption module; and/or

wherein the vector is devoid of nucleotide sequence encoding one, more or all of a Cas1, Cas2,

Cas4, Cas6, Cas7 and Cas 8.
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7. The vector of any preceding claim, wherein the vector is a high copy number vector.

8. The vector of any preceding claim, wherein
(a) the vector comprises (optionally in 5’ to 3’ direction) nucleotide sequence encoding one,
more or all of Cas11, Cas7 and Cas8al;
(b) the vector comprises nucleotide sequence encoding Cas3’ and/or Cas3’’; and
(c) the nucleotide sequences encoding the Cas3’ and/or Cas3’’ are between the promoter and
the sequence(s) recited in (a); and
(d) optionally the host cell comprises an endogenous Type IB, C, U, D, E or F CRISPR/Cas

system.

9. The vector of any one of claims 1 to 7, wherein
(a) the vector comprises (optionally in 5’ to 3’ direction) nucleotide sequence encoding one,
more or all of Cas8b1, Cas7 and Cas5; and
(b) the vector comprises a nucleotide sequence encoding Cas3 between the promoter and the
sequence(s) recited in (a); and
(c) optionally the host cell comprises an endogenous Type IA, C, U, D, E or F CRISPR/Cas

system.

10. The vector of any one of claims 1 to 7, wherein
(a) the vector comprises (optionally in 5’ to 3’ direction) nucleotide sequence encoding one,
more or all of Cas5, Cas8c and Cas7; and
(b) the vector comprises a nucleotide sequence encoding Cas3 between the promoter and the
sequence(s) recited in (a); and
(c) optionally the host cell comprises an endogenous Type IA, B, U, D, E or F CRISPR/Cas

system.

11. The vector of any one of claims 1 to 7, wherein
(a) the vector comprises (optionally in 5’ to 3° direction) nucleotide sequence encoding one,
more or all of Cas8U2, Cas7, Cas5 and Cas6; and
(b) the vector comprises a nucleotide sequence encoding Cas3 between the promoter and the
sequence(s) recited in (a); and
(c) optionally the host cell comprises an endogenous Type IA, B, C, D, E or F CRISPR/Cas

system.

12. The vector of any one of claims 1 to 7, wherein
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(a) the vector comprises (optionally in 5° to 3° direction) nucleotide sequence encoding one,
more or all of Cas10d, Cas7 and Cas5;

(b) the vector comprises a nucleotide sequence encoding Cas3’ and/or Cas3’’; and

(c) the nucleotide sequences encoding the Cas3’ and/or Cas3’’ are between the promoter and
the sequence(s) recited in (a); and

(d) optionally the host cell comprises an endogenous Type IA, B, C, U, E or F CRISPR/Cas

system.

13. The vector of any one of claims 1 to 7, wherein
(a) the vector comprises (optionally in 5’ to 3’ direction) nucleotide sequence encoding one,
more or all of Cas8e, Casl1, Cas7, Cas5 and Cas6; and
(b) the vector comprises a nucleotide sequence encoding Cas3 between the promoter and the
sequence(s) recited in (a); and
(c) optionally the host cell comprises an endogenous Type IA, B, C, D, U or F CRISPR/Cas

system.

14. The vector of any one of claims 1 to 7, wherein

(a) the vector comprises (optionally in 5’ to 3’ direction) nucleotide sequence encoding one,
more or all of Cas8f, Cas5, Cas7 and Cas6f;

(b) the vector comprises a nucleotide sequence encoding Cas3 between the promoter and the
sequence(s) recited in (a); and

(c) the vector is devoid of nucleotide sequence encoding further Cas between the promoter
and the sequence encoding the Cas3; and

(d) optionally the host cell comprises an endogenous Type IA, B, C, D, U or E CRISPR/Cas

system.

15. The vector of any one of claims 1 to 7, wherein the Cas and Cascade are
(a) Type IB Cas and Cascade proteins; or
(b) Type IE Cas and Cascade proteins.

16. The vector of any preceding claim, wherein the Cas3 is a Cas3 of a CRISPR/Cas locus of a first
bacterial or archaeal species, wherein the distance between the Cas3-encoding sequence of the
locus and its cognate promoter is further than the distance between the Cas3-encoding sequence
and the respective promoter comprised by the vector; or the vector of any preceding claim,
wherein the distance between the promoter and the Cas3-encoding sequence and/or Cascade

protein-encoding sequence(s) is shorter than in a corresponding wild-type Type I locus.
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17. The vector of any one of claims 1 to 7, wherein the Cas and Cascade are E coli Cas and Cascade

proteins; or Clostridium (eg, C dificile) Cas and Cascade proteins.

18. The vector of any preceding claim, wherein the vector comprises (i) a CRISPR array for
producing ctRNAs in the host cell and/or (ii) one or more nucleotide sequences encoding one or
more guide RNAs (gRNAs or single gRNAs), wherein the crRNAs or gRNAs are cognate to the

Cas3 (and optionally cognate to the Cascade proteins).

19. The vector of claim 18 when dependent from claim 2, wherein the array or gRNA-encoding
sequence(s) are comprised by the operon and under the control of the promoter; or wherein the
array or gRNA-encoding sequence(s) are under the control of a promoter that is different from the

promoter that controls the expression of the Cas3.

20. A delivery vehicle comprising the vector of any preceding claim, wherein the delivery vehicle is
capable of delivering the vector into the host cell; optionally wherein the delivery vehicle is a

phage, non-replicative transduction particle, nanoparticle carrier, bacterium or liposome.

21. The vector or vehicle of any preceding claim, wherein the host cell is a bacterial or archaeal cell
(optionally, the host cell is a C dificile, P aeruginosa, K pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-Lactamase (ESBL)-producing K
pneumoniae), E coli (eg, ESBL-producing E. coli, or E. coli ST131-025b:H4), H pylori, S
pneumoniae or S aureus cell); or the cell is a eukaryotic cell (optionally a human cell, an animal

cell, a plant cell or a yeast cell).

22, The vector or vehicle of any preceding claim for administration to a human or animal subject for
treating or reducing the risk of a disease or condition in the subject; optionally wherein the disease
or condition is an infection of the subject with host cells (eg, bacterial cells), or wherein the

disease or condition is mediated by host cells (eg, bacterial cells).

23. A pharmaceutical composition comprising the vector or vehicle of any preceding claim and a

pharmaceutically acceptable diluent, excipient or carrier.
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