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SINGLE-VECTOR TYPE I VECTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica- 
tion Ser. No. 16/201,736, filed Nov. 27, 2018 which claims 
priority to Great Britain Patent Application No. 1816700.7, 
filed Oct. 14, 2018, and Great Britain Patent Application No. 
1817509.1, filedOct. 27,2018, the contents ofeachofwhich 
are hereby incorporated herein by reference in their entirety. 

SUBMISSION OF SEQUENCE LISTING ON 
ASCII TEXT FILE 

The content of the following submission on ASCII text 
file is incorporated herein by reference in its entirety: a 
computer readable form (CRF) of the Sequence Listing (file 
name: 7862120006025EQL15T.TXT, date recorded: Feb. 
10, 2021, size: 6 KB). 

TECHNICAL FIELD 

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 

The state of the art describes vectors and uses of these that 
employ CRISPRICas systems. For example, reference is 
made to W02017/118598, U520180140698, 
U520170246221, U520180273940, U5201601 15488, 
U5201 80179547, U520170175 142, U5201 60024510, 
U5201 50064138, U520170022499, U5201 60345578, 
U5201 80155729, U5201 80200342, W020171 12620, 
W0201 8081502, PCT/EP2O1 8/066954, PCT/EP2O1 8/ 
066980, PCT/EP2018/071454 and U.S. Ser. No. 15/985,658 
and equivalent publications by the US Patent and Trademark 
Office (TJSPTO) or WIPO, the disclosures of which are 
incorporated herein by reference. 

SUMMARY OF THE INVENTION 

The invention provides the following confgurations. 
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 expres- 
sion 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 com- 
prising the vector or vehicle and a pharmaceutically accept- 
able diluent, excipient or carrier. 

2 

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 composition to the subject, and introduc- 

5 ing 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. 

10 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 

15 (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 produc- 

20 tion 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 

25 (c) Optionally isolating copies of the DNA, 
Optionally wherein the promoter is an attenuated consti- 

tutive promoter. 
In a Third Confguration 
Use of an attenuated promoter in a DNA construct com- 

30 prising 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 

35 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. 

In a Fourth Configuration 
Use of an attenuated promoter in a DNA construct com- 

40 prising 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 

45 allow replication of the DNA thereby amplifying the DNA 
in the cells, for reducing toxicity of the Cas in the production 
strain. 

In a Fifth Configuration 
Use of an attenuated promoter in a DNA construct com- 

50 prising 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 

55 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. 

In a Sixth Configuration 
Use of an attenuated promoter in a DNA construct com- 

60 prising 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 

65 allow replication of the DNA thereby amplifying the DNA 
in the cells, for promoting production cell viability during 
the amplification of the DNA. 
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In a Seventh Configuration 
Use of an attenuated promoter in a DNA construct com- 

prising 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. 

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 (op- 
tionally 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. 

In a Ninth Confguration 
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. 

In a Tenth Configuration 
A method for reducing mutation of a DNA construct 

encoding a functional Cas protein (optionally a Cas nude- 
ase) 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. 

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 com- 
prised by the cells, wherein the construct comprises a 
nucleotide sequence encoding a functional Cas protein (op- 
tionally 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. 

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 

FIGS. lA-iC. Type I CRISPR-Cas system of C. dfflci/e 

targeting E. co/i MGi 655. (FIG. 1A) Layout of the CR1 SPR 
Guided VectorTM, CGVrM. Plasmid 1: pSCiOi ori, pBAD 
promoter (induced by arabinose), cas3 and cascade genes. 
Plasmid 2: pC1oDF13 or pTac promoter (induced by IPTG), 

4 

CRISPR array. (FIG. 1B) Dilution series (101106) of drop 
spots (5 p1) of E. co/i MGi 655 harboring the CGV on LB 
agar plates with and without inducers. (FIG. 1C) CRISPR 
induction killed 99.9% of the population (grey bar). Growth 

5 in absence of induction is shown in black. CGVM refers to 
a CRISPR Guided VectorTM, which is a nucleic acid vector 
comprising nucleotide sequences encoding CRISPRICas 
components. 

FIGS. 2A-2C. Type I CRISPR-Cas system of C. dfflci/e 
10 targetingE. co/i MGi 655. (FIG. 2A) Layout of the CRISPR 

Guided VectorTM, CGVrM. pSC101 or pTac promoter (in- 

duced by IPTG), CRISPR array, pBAD promoter (induced 
by arabinose), cas3 and cascade genes. (FIG. 2B) Dilution 

15 
series (101106) of drop spots (5 tl) of E. co/i MG1655 
harboring the CGV on SM agar plates with and without 
inducers. (FIG. 2C) CRISPR induction killed 99% of the 
population (grey bar). Growth in absence of induction is 
shown in black. CGVrM refers to a CRISPR Guided Vec- 

20 torTM, which is a nucleic acid vector comprising nucleotide 
sequences encoding CRISPRICas components. 

FIGS. 3A-3B. Time-kill curves for E. co/i MG1655 
harboring the CGV. (FIG. 3A) CRISPR induction killed 
99% of the population in 60 minutes (dashed line). Growth 

25 in absence of induction is shown in black lines. CRISPRICas 
was induced at time-point 0 and monitored until 120 min- 
utes. (FIG. 3B) Dilution series (101106) of drop spots (5 tl) 

on SM agar plates of E. co/i MG1655 after 60 minutes of 
induction. 

30 FIGS. 4A-4B. Specific killing of E. co/i MG1655 with 
type I-B CRISPR-Cas system of C. dffici/e in a synthetic 
microbial consortium. (FIG. 4A) Bacteria count of a syn- 

thetic population composed of three different strains. 
CRISPR was induced at time-point 0 and monitored for 60 

35 minutes. Growth in absence of induction is shown in black. 
CRISPR induction prompted 1-log10 reduction in viable 
cells of target strain E. co/i MG1655, while leaving E. co/i 
ToplO and L. /actis NZ9000 populations intact (dark grey 
bars). (FIG. 4B) Dilution series (101106) of drop spots (5 tl) 

40 of the bacterial community mixture after 60 minutes of 
induction. E. co/i MG1655 grows selectively on BHI+ 
streptomycin, E. co/i ToplO on ampicillin, and L. /actis 
NZ9000 on chioramphenicol. 

FIGS. SA-SB. Killing of E. co/i MG1655 with type I-B 
45 CRISPR-Cas system of C. dffici/e in a synthetic microbial 

consortium compared to a pure culture of E. co/i MG1655. 
(FIG. SA) CRISPR induction generated 4-log10 reductions 
in viable cells of target strain E. co/i MG1655, both in the 
pure culture and in the community mixture (grey bars). 

50 Growth in absence of induction is shown in black. (FIG. SB) 
Dilution series of a pure culture of E. co/i MG1655 and the 
bacterial community mixture on streptomycin plates with 
and without inducers. 

FIGS. 6A-6B. Type I CRISPR-Cas system of E. co/i 
55 targeting E. co/i MG1655. (FIG. 6A) Dilution series (10'- 

106) of drop spots (5 p1) of E. co/i MG1655 harboring the 
CGV on SM agar plates with and without inducers. (FIG. 
6B) CRISPR induction killed 99% of the population (grey 
bar). Growth in absence of induction is shown in black. 

60 CGVM refers to a CRISPR Guided VectorTM which is a 
nucleic acid vector comprising nucleotide sequences encod- 
ing CRISPRICas components. 

65 

DETAILED DESCRIPTION 

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

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. 
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, cx vivo or in vitro) for 
expressing Type I Cas and optionally other components of a 
Type I CRISPRICas system. Usefully, the vector may in 
some examples therefore provide a single-vector means for 
introducing a complete exogenous Type I CRISPRICas 
system into a target cell for modification (eg, cutting by 
Cas3) of DNA in the target cell. In an example, a chromo- 
somal target sequence (ie, protospacer that is cognate with 
the Cas3) is 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 
target cell is a recombinongenic E co/i 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 dis- 
ease-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 CRISPRICas 
system is more convenient and the inventors believe more 
efficient for introducing into a target cell and effecting 
CRISPRICas 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 com- 
prising 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 optionally 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 

6 

invading CRISPR components of the vector of the inven- 
tion. In such an arms race, concerted and early operation of 
the CRISPR components in the cell are likely to be impor- 
tant to gain the upper hand and effect cell killing. The 

5 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 
10 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 

15 
proteins in the cell. 

2. 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 

20 proteins, and the operon comprising the Cas module 
under the control of a promoter for controlling the expres- 
sion of both the Cas3 and Cascade proteins. 

3. The vector of concept 2, wherein 
(a) the first sequence is between the promoter and the 

25 second sequence in the operon; 
(b) the operon comprises no Cas-encoding nucleotide 

sequences between the promoter and the first nucleo- 
tide sequence; and/or 

(c) the operon comprises (in 5' to 3' direction) the pro- 
30 moter, the first sequence and the second sequence. 

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

5. The vector of any one of concepts 1 to 3, wherein the 
promoter is repressible (optionally repressible by a tetra- 

35 cycline repressor or lac repressor). 
6. The vector of any one of concepts 1 to 3, wherein the 

promoter is inducible. 
7. The vector of any preceding concept, wherein the first 

sequence is under the control of a medium strength 
40 promoter. 

8. The vector of any preceding concept, wherein the first 
sequence is under the control of a promoter that has an 
Anderson Score (AS) of O.5>AS>O.1. 

9. The vector of any preceding concept, wherein the first 
45 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. co/i strain BW25 113 cells with 

50 a fluorescence of from 0.5 to 4 times the fluorescence 
produced in E. co/i strain BW25 113 cells using a second 
EOU comprising a PlO promoter (SEQ ID NO: 1) com- 
bined with a BCD14 TIS (SEQ ID NO: 2), wherein the 
EOUs differ only in their promoter and TIS combinations, 

55 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. 

10. The vector of concept 9, wherein fluorescence using the 
60 first EOU is 0.5 to 2 times the fluorescence using the 

second EOU. 
11. The vector of any preceding concept, wherein the vector 

comprises an origin of replication that is operable in the 
host cell. 

65 12. 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 
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Cas3 is not operable in the production strain cell to target 
and cut a chromosomal sequence thereof. 

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

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

15. The vector of any preceding concept, wherein the first 
nucleotide sequence or operon is comprised by a mobile 
genetic element. 

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

17. The vector of any preceding concept, wherein the vector 
is devoid of nucleotide sequence encoding one, more or 
all of a Casi, Cast, Cas4, Cas6, Cas7 and Cas8. 

18. The vector of any preceding concept, wherein the vector 
comprises (optionally in 5' to 3' direction) nucleotide 
sequence encoding one, more or all of Cash, Cas7 and 
Cas8al. 

19. The vector of concept 18, wherein the vector comprises 
nucleotide sequence encoding Cas3' and/or Cas3". 

20. 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. 

21. 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. The vector of any one of concepts 18 to 20, wherein the 
host cell comprises an endogenous Type TB, C, U, D, E 
or F CRISPR/Cas system. 

23. The vector of any one of concepts 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8b 1, Cas7 
and CasS. 

24. The vector of concept 23, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in concept 23. 

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

26. 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. 

27. The vector of any one of concepts 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of CasS, Cas8c 
and Cas7. 

28. The vector of concept 27, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in concept 27. 

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

30. 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. 

31. The vector of any one of concepts 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8U2, Cas7, 
CasS and Cas6. 

32. The vector of concept 31, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in concept 31. 

33. The vector of concept 31 or 32, wherein the host cell 
comprises a Type IU CRISPR array that is cognate with 
the Cas3. 

8 

34. The vector of concept 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 concepts 1 to 17, wherein the 

5 vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of CaslOd, Cas7 
and CasS. 

36. The vector of concept 35, wherein the vector comprises 
a nucleotide sequence encoding Cas3' and/or Cas3". 

10 37. 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. 

38. The vector of any one of concepts 35 to 37, wherein the 

15 
host cell comprises a Type ID CRISPR array that is 
cognate with the Cas3. 

39. 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. 

20 40. The vector of any one of concepts 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8e, Cash, 
Cas7, CasS and Cas6. 

41. The vector of concept 40, wherein the vector comprises 
25 a nucleotide sequence encoding Cas3 between the pro- 

moter and the sequence(s) recited in concept 40. 
42. The vector of concept 40 or 41, wherein the host cell 

comprises a Type IE CRISPR array that is cognate with 
the Cas3. 

30 43. 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. 

44. The vector of any one of concepts 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 

35 tide sequence encoding one, more or all of Cas8f, CasS, 
Cas7 and Cas6f. 

45. The vector of concept 44, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in concept 44, wherein 

40 the vector is devoid of nucleotide sequence encoding 
further Cas between the promoter and the sequence 
encoding the Cas3. 

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

45 the Cas3. 
47. The vector of concept 44 or 45, wherein the host cell 

comprises an endogenous Type IA, B, C, D, U or E 
CRISPR/Cas system. 

48. The vector of any one of concepts 1 to 17, wherein the 
50 Cas and Cascade are 

(a) Type IA Cas and Cascade proteins; 
(b) Type lB Cas and Cascade proteins; 
(c) Type IC Cas and Cascade proteins; 
(d) Type ID Cas and Cascade proteins; 

55 (e) Type IE Cas and Cascade proteins; 
(f) Type IF Cas and Cascade proteins; or 
(g) Type IU Cas and Cascade proteins. 

49. The vector of any preceding concept, wherein the Cas 
and Cascade are E co/i (optionally Type IE or IF) Cas and 

60 Cascade proteins. 
50. The vector of concept 49, wherein the E co/i is ESBL- 

producing E. co/i orE. co/i ST131-025b:H4. 
51. The vector of any preceding concept, wherein the Cas 

and Cascade are 
65 (a) C/ostridium (eg, C dffici/e) Cas and Cascade proteins, 

optionally C dffici/e resistant to one or more antibiotics 
selected from aminoglycosides, lincomycin, tetracy- 
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dines, erythromycin, clindamycin, penicillins, cepha- 
losporins and fluoroquinolones; 

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

(c) K/ebsie//a pneumoniae (eg, carbapenem-resistant 
K/ebsie//a pneumoniae or Extended-Spectrum Beta- 
Lactamase (ESBL)-producing Kpneumoniae) Cas and 
Cascade proteins. 

52. The vector of any preceding concept, wherein the Cas 
and Cascade are E co/i, C dffici/e, P aeruginosa, K 
pneumoniae, Pfuriosus or B ha/odurans Cas and Cascade 
proteins. 

53. 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. 

54. 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. 

55. The vector of any preceding concept, 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). 

56. 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. 

57. 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. 

58. 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. 

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

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

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

62. A delivery vehicle comprising the vector of any preced- 
ing concept, wherein the delivery vehicle is capable of 
delivering the vector into the host cell. 

63. The vehicle of concept 62, wherein the delivery vehicle 
is a phage, non-replicative transduction particle, nanopar- 
tide carrier, bacterium or liposome. 

64. 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 dffici/e, P aeruginosa, Kpneumoniae (eg, 
carbapenem-resistant K/ebsie//a pneumoniae or 
Extended-Spectrum Beta-Lactamase (ESBL)-producing 
Kpneumoniae), E co/i (eg, ESBL-producing E. co/i, orE. 
co/i 5T131-025b:H4), H py/ori, S pneumoniae or S 
aureus cell. 
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65. 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. 

66. The vector or vehicle of concept 65, wherein the disease 
5 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 concept and a pharmaceutically 

10 acceptable diluent, excipient or carrier. 
68. 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 compos- 
tion of any preceding concept to the subject, and intro- 

15 ducing 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 

20 cells is reduced. 
69. The method of concept 68, wherein the target cells are 

cells of a disease pathogen species. 
70. The method of concept 68 or 69, wherein the targt cells 

are C dffici/e, P aeruginosa, Kpneumoniae (eg, carbape- 
25 nem-resistant K/ebsie//a pneumoniae or Extended-Spec- 

trum Beta-Lactamase (ESBL)-producing Kpneumoniae), 
E co/i (eg, ESBL-producing E. co/i, or E. co/i 5T131- 
025b:H4), Hpy/ori, Spneumoniae or S aureus cells. 

30 EMBODIMENTS 

An aspect of the invention provides improved ways of 
amplifying DNA constructs in bacterial and archaeal pro- 
duction strain cells. For example, the DNA may be a high 

35 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 

40 activity during amplification of the DNA in the production 
strain. This is useful, since the inventors have found that 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 

45 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 propa- 

50 gation 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 

55 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 reme- 
diation compositions etc. In one example, the promoter 

60 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 

65 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 
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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. 

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 ampli- 

fication of the DNA; and 
(d) reducing the occurrence of Cas cutting of DNA 

(optionally cutting of production host cell chromo- 
somal DNA or said DNA construct). 

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 produc- 
tion 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, 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 pro- 
duction 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 ampli- 
Fying 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 ampli- 

fication of the DNA; and/or 
(d) reducing the occurrence of Cas cutting of DNA 

(optionally cutting of production host cell chromo- 
somal 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 ampli- 
Fying 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 
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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 ampli- 

5 fying the DNA in the cells, for reducing mutation of the 
DNA (optionally the Cas-encoding sequence) in the pro- 
duction strain. 

6. Use of an attenuated promoter in a DNA construct 
comprising a nucleotide sequence encoding a functional 

10 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 ampli- 

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

7. 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 

20 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 ampli- 
fying the DNA in the cells, for reducing the occurrence of 

25 Cas cutting of DNA. 
8. 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 

30 (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. 

35 9. 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 com- 
prises a nucleotide sequence encoding the Cas and the 

40 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. 

10. A method for reducing mutation of a DNA construct 
45 encoding a functional Cas protein (optionally a Cas 

nuclease) in a population of bacterial or archaeal produc- 
tion 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 

50 control of a promoter, the method comprising culturing 
the cells to allow replication of the DNA thereby ampli- 
fying the DNA in the cells, wherein the promoter is an 
attenuated promoter. 

11. A method for promoting production cell viability of a 
55 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 

60 control of a promoter, the method comprising culturing 
the cells to allow replication of the DNA thereby ampli- 
fying the DNA in the cells, wherein the promoter is an 
attenuated promoter. 

12. A method for reducing the occurrence of Cas nuclease 
65 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 
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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 pro- 
moter is LttO1' Lk,CO1 or a repressible homologue 
thereof 
Other examples of suitable repressible promoters are Ptac 

(repressed by lad) and he Leftward promoter (pL) of phage 
lambda (which repressed by the Xci repressor). In an 
example, the promoter comprises a repressible operator (eg, 
tetO or lacO) fused to a promoter sequence. The correspond- 
ing 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 expres- 
sion 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. 
18. The method or use of any preceding paragraph, wherein 

the promoter has an Anderson Score (AS) of 0.5>AS>0.1. 
19. 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. co/i strain BW25 113 cells with 
a fluorescence of from 0.5 to 4 times the fluorescence 
produced in E. co/i strain BW25 113 cells using a second 
EOU comprising a PlO promoter (SEQ ID NO: 1) com- 
bined 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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20. The method or use of paragraph 19, wherein fluores- 

cence using the first EOU is 0.5 to 2 times the fluores- 
cence using the second EOU. 

21. The method or use of any preceding paragraph, wherein 
5 the nuclease is Cas3 and optionally the DNA or cell 

encodes cognate Cascade proteins. 
22. The method or use of any one of paragraphs 1 to 20, 

wherein the Cas is a Cas9. 
23. The method or use of any preceding paragraph, wherein 

10 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- 

15 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. 

20 24. 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 

25 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. 

30 25. The method or use of paragraph 24, wherein the host 
cells are bacterial or archaeal cells, optionally, the host 
cells are C dffici/e, P aeruginosa, K pneumoniae (eg, 
carbapenem-resistant K/ebsie//a pneumoniae or 
Extended-Spectrum Beta-Lactamase (ESBL)-producing 

35 Kpneumoniae), E co/i (eg, ESBL-producing E. co/i, orE. 
co/i 5T131-025b:H4), H py/ori, 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 

40 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. 

45 

PARAGRAPHS & GENERALLY APPLICABLE 
FEATURES 

The invention provides the following Paragraphs, which 
50 are supported by the Examples below. Any features of the 

Concepts are combinable with any features of the Embodi- 
ments. Any features of the Concepts are combinable with 
any features of the Embodiments. Any features of the 
Paragraphs are combinable with any features of the Embodi- 

55 ments. 
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 

60 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. Option- 
ally, the production strain cell(s) and target host cell(s) are 

65 of the same phylum, order, family, genus, species or strain. 
1. A nucleic acid vector for introduction into a host cell, the 

vector comprising a first nucleotide sequence encoding a 
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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. 
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 pro- 
moter 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 CRISPRICas 

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 co/i). 

Optionally, the Cascade proteins comprise or consist of 
cas5 (casD, csy2) 
cas6 (cas6f, cse3, casE) 
cas7 (csc2, csy3, cse4, casC) 
cas8 (casA, cas8al, cas8bl, cas8c, caslOd, 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 10 bp apart, eg, from 30-45, or 30-40, or 39 or around 39 
bp 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 3 bp apart, eg, from 

10-5, 6 or around 6 bp 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. 
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9. The vector of any one of paragraphs 1 to 7, wherein the 

promoter is repressible (optionally repressible by a tetra- 
cycline repressor or lac repressor). 

10. The vector of any one of paragraphs 1 to 7, wherein the 
5 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 

10 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 

15 
Shine-Dalgamo 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 
20 an Anderson Score (AS) of AS>0.5. 

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 
25 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 
30 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. co/i strain 
BW25 113 cells with a fluorescence of from 0.5 to 4 times 
the fluorescence produced in E. co/i strain BW25 113 cells 
using a second EOU comprising a PlO promoter (SEQ ID 
NO: 1) combined with a BCD14 TIS (SEQ ID NO: 2), 

40 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 

45 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 

50 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 co/i cultures at 0D600 of 0.3-0.5 in the 
exponential growth phase are used. 

55 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 et al (2013). For example, the upstream insulator, 
the nucleotide sequence encoding GFP, 3' UTR, transcrip- 

60 tion terminator and downstream insulator of each EOU are 
corresponding sequences of SEQ ID NO: 4. For example, 
theE co/i is E. co/i BW25 113 is grown in MOPS EZ Rich 
Medium (Teknova) supplemented with 50 ig/ml kanamycin 
(kan) at 37° C., shaken at 900 r.p.m. For example, each 

65 EOUs is comprised by a medium copy plasmid, eg, a 
plasmid derived from pFAB217 comprising a pl5A repli- 
cation 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 co/i cell. A 

production strain cell is a cell that is used to ampliFy DNA 
encoding Cas (and optionally other components of a 
CRISPRICas 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 
CRISPRICas 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, Xeno- 
pus, 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 CRISPRICas 
system components), wherein the Cas is guided to a proto- 
spacer 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, 8 9 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. 
For example this is in a 1, 2, 3, 4, 5, 6, 7, 8 9 10, 12 or 

24 hour period of culturing the cells. For example, at least 
ion, io, 106, io, 108, io, 1010, 10", 1012, io', io', 
iO', 1016, iO' or 1018 copies ofthe vector are produced per 
io, ion, io, 106, io, 108, io, 1010, 10'', 1012, io', io', 
iO', 1016, iO' 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, this is in a 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. 

18 
Suitable mobile genetic elements, eg, transposons, are 

disclosed in W02016 177682 and U520170246221, the dis- 
closures of which are explicitly incorporated herein for 
possible use in the invention and for providing one or more 

5 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 Casi, Cas2 and/or Cas4. 
10 27. The vector of any preceding paragraph, wherein the 

vector is devoid of nucleotide sequence encoding one, 
more or all of a Casi, Cas2, Cas4, Cas6 (optionally 
Cas6f), Cas7 and Cas8 (optionally Cas8f). 

28. The vector of any preceding paragraph, wherein the 
15 vector is devoid of a sequence encoding a Cas6 (option- 

ally a Cas6f). 
29. The vector of any one of paragraphs ito 27, wherein the 

module encodes a Cas6 (optionally a Cas6f). 
30. The vector of any preceding paragraph, wherein the 

20 vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cash, Cas7 
and Cas8ai. 

31. The vector of paragraph 30, wherein the vector com- 
prises nucleotide sequence encoding Cas3' and/or Cas3" 

25 (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' 
30 and/or Cas3"), Cash, Cas7 and Cas8ah. Optionally, a 

nucleotide sequence encoding Cas6 is between the Cas3 
sequence(s) and the Cash 1 sequence. Optionally, the vector 
comprises a Type IA CRISPR array or one or more nucleo- 
tide sequences encoding single guide RNA(s) (gRNA(s)), 

35 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 

40 to target and modiFy (eg, cut) a target nucleotide sequence in 
the host cell, optionally thereby killing the host cell. Simi- 
larly, 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 

45 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 
50 comprises an endogenous Type IB, C, U, D, E or F 

CRISPRICas system. 
34. The vector of any one of paragraphs ito 29, wherein the 

vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8b 1, Cas7 

55 and CasS. 
35. The vector of paragraph 34, wherein the vector com- 

prises a nucleotide sequence encoding Cas3 between the 
promoter and the sequence(s) recited in paragraph 34. 
In one embodiment, the vector comprises nucleotide 

60 sequences (in 5' to 3' direction) that encode a Cas3, Cas8bh, 
Cas7 and CasS. Optionally, a nucleotide sequence encoding 
Cas6 is between the Cas3 sequence(s) and the Cas8bh 
sequence. Optionally, the vector comprises a Type lB 
CRISPR array or one or more nucleotide sequences encod- 

65 ing 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 
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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 oper- 
able 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. 
36. The vector of paragraph 34 or 35, wherein the host cell 

comprises a Type lB 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 ito 29, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of CasS, Cas8c 
and Cas7. 

39. The vector of paragraph 38, wherein the vector com- 
prises 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, CasS, 
Cas8c and Cas7. Optionally, a nucleotide sequence encoding 
Cas6 is between the Cas3 sequence(s) and the CasS 
sequence. Optionally, the vector comprises a Type IC 
CRISPR array or one or more nucleotide sequences encod- 
ing 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 oper- 
able 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. 

4i. 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 ito 29, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8U2, Cas7, 
CasS and Cas6. 

43. The vector of paragraph 42, wherein the vector com- 
prises 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, CasS and Cas6. Optionally, a nucleotide sequence 
encoding Cas6 is between the Cas3 sequence(s) and the 
Cas8U2 sequence. Optionally, the vector comprises a Type 
IU 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 

20 
RNAs encoded by the vector in one embodiment are oper- 
able 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. 

5 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 

10 CRISPR/Cas system. 
46. The vector of any one of paragraphs ito 29, wherein the 

vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of CasiOd, Cas7 

15 
and CasS. 

47. The vector of paragraph 46, wherein the vector com- 

prises 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 

20 sequence(s) recited in paragraph 46). 
In one embodiment, the vector comprises nucleotide 

sequences (in 5' to 3' direction) that encode a Cas3, CasiOd, 
Cas7 and CasS. Optionally, a nucleotide sequence encoding 
Cas6 is between the Cas3 sequence(s) and the CasiOd 

25 sequence. Optionally, the vector comprises a Type ID 
CRISPR array or one or more nucleotide sequences encod- 
ing 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 

30 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 

35 RNAs encoded by the vector in one embodiment are oper- 
able 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. 
48. The vector of paragraph 46 or 47, wherein the host cell 

40 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. 

45 50. The vector of any one of paragraphs ito 29, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8e, Casii, 
Cas7, CasS and Cas6. 

Si. The vector of paragraph 50, wherein the vector com- 
50 prises 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, 
Casii, Cas7, CasS and Cas6. Optionally, a nucleotide 

55 sequence encoding Cas6 is between the Cas3 sequence(s) 
and the Casi i sequence. Optionally, the vector comprises a 
Type IE 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 

60 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 

65 thereby killing the host cell. Similarly, the single guide 
RNAs encoded by the vector in one embodiment are oper- 
able with the Cas and Cascade proteins to target and modiFy 
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(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 ito 29, wherein the 

vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8f, CasS, 
Cas7 and Cas6f. 

55. The vector of paragraph 54, wherein the vector com- 
prises 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, 
CasS, 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 encod- 
ing 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 oper- 
able 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 ito 29, wherein the 
Cas and Cascade are Type IA Cas and Cascade proteins. 

59. The vector of any one of paragraphs ito 29, wherein the 
Cas and Cascade are Type lB Cas and Cascade proteins. 

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

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

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

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

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

65. The vector of any one of paragraphs ito 29, wherein the 
Cas and Cascade are E co/i (optionally Type IE or IF) Cas 
and Cascade proteins, optionally wherein the E co/i is 
ESBL-producing E. co/i orE. co/i STi3i-025b:H4. 

66. The vector of any one of paragraphs ito 29, wherein the 
Cas and Cascade are C/ostridium (eg, C d[fici/e) Cas and 
Cascade proteins, optionally C d[fici/e resistant to one or 
more antibiotics selected from aminoglycosides, lincomy- 
ci tetracyclines, erythromycin, clindamycin, penicillins, 
cephalosporins and fluoroquinolones. 

22 
67. The vector of any one of paragraphs ito 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, amino- 

5 glycosides, cefepime, ceftazidime, fluoroquinolones, pip- 
eracillin and tazobactam. 

68. The vector of any one of paragraphs ito 29, wherein the 
Cas and Cascade are K/ebsie//a pneumoniae (eg, carbape- 
nem-resistant K/ebsie//a pneumoniae or Extended-Spec- 

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

69. The vector of any one of paragraphs ito 29, wherein the 
Cas and Cascade are E co/i, C dffici/e, P aeruginosa, K 

15 
pneumoniae, Pfuriosus or B ha/odurans 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- 

20 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 expres- 

25 sion of Cas3 in the wild-type locus. 
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. 

30 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 

35 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 crR- 

NAs in the host cell and/or (ii) one or more nucleotide 
40 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 

45 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 

50 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 nucleo- 
tide sequence of the host cell, wherein the target sequence 

55 is adjacent a PAM, the PAM being cognate to the Cas3. 
Thus, the spacer hybridises to the proto spacer 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 

60 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 

65 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 preced- 
ing 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 
U.S. Ser. No. 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 the 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 d[fici/e, P aeruginosa, K 
pneumoniae (eg, carbapenem-resistant K/ebsie//a pneu- 
moniae or Extended-Spectrum Beta-Lactamase (ESBL)- 
producing Kpneumoniae), E co/i (eg, ESBL-producing E. 
co/i, orE. co/i 5T131-025b:H4), Hpy/ori, Spneumoniae 
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 con- 
dition is mediated by host cells (eg, bacterial cells). 

84. A pharmaceutical composition comprising the vector or 
vehicle of any preceding paragraph and a pharmaceuti- 
cally 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 produc- 
tion 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, 
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. co/i strain BW25 113 cells with 
a fluorescence of from 0.5 to 4 times the fluorescence 
produced in E. co/i strain BW25 113 cells using a second 

EOU comprising a PlO promoter (SEQ ID NO: 1) com- 
bined 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 

5 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 

10 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 

15 
crRNAs 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 

20 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 co/i cell. 
94. The method of any one of paragraphs 85 to 92, wherein 

the Cas is a Cas9. 
25 95. The method of any one of paragraphs 85 to 92, wherein 

the Cas is a Type lilA csm protein or a Type IIIB cmr 
protein. 

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

30 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 Casl3 (optionally Casl3a or Casl3b). 

99. The method of any one of paragraphs 85 to 92, wherein 
35 the Cas is selected from a Cas3, Cas8a, CasS, Cas8b, 

Cas8c, CaslOd, Csel, Cse2, Csyl, Csy2, Csy3, 
G5U0054, CasiO, Csm2, CmrS, CasiO, Csxll, CsxlO, 
Csfl, Cas9, Csn2, Cas4, Cpfl, C2c1, C2c3, Casl3a, 
Casl3b and Casl3c. 

40 100. 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 

45 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 

50 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 

55 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 

60 disease or condition. 
102. The method of paragraph 101, wherein the host cells 

are bacterial or archaeal cells, optionally, the host cells are 
C df/ici/e, P aeruginosa, Kpneumoniae (eg, carbapenem- 
resistant K/ebsie//a pneumoniae or Extended-Spectrum 

65 Beta-Lactamase (ESBL)-producing K pneumoniae), E 
co/i (eg, ESBL-producingE. co/i, orE. co/i 5T131-025b: 
H4), Hpy/ori, Spneumoniae 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 option- 
ally 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 ampli- 
fing 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 pro- 

duced 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 trans- 
lation initiation site (TIS) combination that is capable of 
producing expression of green fluorescent protein (GFP) 
from a first expression operating unit (EOU) in E. co/i strain 
BW25 113 cells with a fluorescence of>4 times the fluores- 
cence produced in E. co/i strain BW25113 cells using a 
second EOU comprising a PlO 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; 
(f) promoting production cell viability during the ampli- 

fication 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 ampli- 
fing 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. 

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 ampli- 
fing 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 ampli- 
fing copies of the DNA in a population of bacterial or 
archaeal production strain cells, the method comprising 

26 
culturing the cells to allow replication of the DNA thereby 
amplifying the DNA in the cells, for promoting produc- 
tion cell viability during the amplification of the DNA. 

110. Use of an attenuated strength promoter in a DNA 
5 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 ampli- 
fying copies of the DNA in a population of bacterial or 
archaeal production strain cells, the method comprising 

10 culturing the cells to allow replication of the DNA thereby 
ampliFying the DNA in the cells, for reducing the occur- 
rence of Cas cutting of DNA. 

111. A method for enhancing the yield of amplified copies of 

15 
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 

20 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 

25 bacterial or archaeal production strain cells in a process of 
ampliFying copies of a DNA construct, wherein the con- 

struct 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 

30 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 produc- 
tion 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 

40 the cells to allow replication of the DNA thereby ampli- 
fying 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 

45 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 

50 the cells to allow replication of the DNA thereby ampli- 
fying 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 

55 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 

60 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 

65 construct DNA. 
117. The use or method of any one of paragraphs 105 to 116, 

wherein the promoter is a constitutive promoter. 



US 11,578,333 B2 
27 

118. The use or method of any one of paragraphs 105 to 117, 
wherein the promoter is repressible (optionally repres- 
sible 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 5 

plasmid or phagemid. 
119. The use or method of any one of paragraphs 105 to 118, 

wherein the promoter is LttO-1, Lk,COA or a repressible 
homologue thereof 
Lk,CO1 is repressed by lac repressor (LacR). Pueto-1 is 10 

repressed by tet repressor (TetR). 
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 15 

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 20 

expression of green fluorescent protein (GFP) from a first 
expression operating unit (EOU) in E. co/i strain 
BW25 113 cells with a fluorescence of from 0.5 to 4 times 
the fluorescence produced mE. co/i strain BW25 113 cells 
using a second EOU comprising a PlO promoter (SEQ ID 25 

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, 30 

a 3' UTR, a transcription terminator and a downstream 
insulator. 

123. The use or method of paragraph 122, wherein fluores- 
cence using the first EOU is 0.5 to 2 times the fluores- 
cence using the second EOU. 35 

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. 40 

126. The use or method of any one of paragraphs 105 to 123, 
wherein the Cas is a Type lilA 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 Csfl. 45 

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

129. The use or method of any one of paragraphs 105 to 123, 
wherein the Cas is a Casl3 (optionally Casl3a or 
Casl3b). 50 

130. The use or method of any one of paragraphs 105 to 123, 
wherein the Cas is selected from a Cas3, Cas8a, CasS, 
Cas8b, Cas8c, CaslOd, Csel, Cse2, Csyl, Csy2, Csy3, 
G5U0054, CasiO, Csm2, CmrS, CasiO, Csxll, CsxlO, 
Csfl, Cas9, Csn2, Cas4, Cpfl, C2c1, C2c3, Casl3a, 55 

Casl3b and Casl3c. 
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 crRNAs or gRNAs 
that are operable for Cas nuclease targeting. 60 

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 com- 
prises inducing production of the phage proteins and 65 

causing packaging of the amplified DNA into phage 
particles or non-self-replicative transduction particles, 

28 
and further isolating the phage or transduction particles 
and optionally formulating the particles into a pharma- 
ceutical 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 df/ici/e, P aeruginosa, Kpneumoniae (eg, carbapenem- 
resistant K/ebsie//a pneumoniae or Extended-Spectrum 
Beta-Lactamase (ESBL)-producing K pneumoniae), E 
co/i (eg, ESBL-producingE. co/i, orE. co/i 5T131-025b: 
H4), Hpy/ori, Spneumoniae 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 option- 
ally 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 ito 78 and 81 to 83. 

CLAUSES 

The invention provides, by way of example, the following 
Clauses; the features of these are combinable with any other 
disclosure herein. 
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 
promoters comprised by the vector for expression of the 
proteins in the cell. 

2. 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 expres- 
sion of both the Cas3 and Cascade proteins. 

3. 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 nucleo- 
tide sequence; and/or 

(c) the operon comprises (in 5' to 3' direction) the pro- 
moter, the first sequence and the second sequence. 

4. The vector of any preceding Clause, wherein each pro- 
moter is a constitutive promoter. 

5. The vector of any one of Clauses 1 to 3, wherein the 
promoter is repressible (optionally repressible by a tetra- 
cycline repressor or lac repressor). 

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

7. The vector of any preceding Clause, wherein the first 
sequence is under the control of a medium strength 
promoter. 
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8. 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. 

9. 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. co/i strain BW25 113 cells with 
a fluorescence of from 0.5 to 4 times the fluorescence 
produced in E. co/i strain BW25 113 cells using a second 
EOU comprising a PlO promoter (SEQ ID NO: 1) com- 
bined 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. 

10. The vector of Clause 9, wherein fluorescence using the 
first EOU is 0.5 to 2 times the fluorescence using the 
second EOU. 

11. The vector of any preceding Clause, wherein the vector 
comprises an origin of replication that is operable in the 
host cell. 

12. 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. 

13. The vector of Clause 12, wherein the first sequence is 
under the control of a promoter that is capable of con- 
trolling expression of the Cas3 at a level that is not toxic 
to the production strain cell. 

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

15. The vector of any preceding Clause, wherein the first 
nucleotide sequence or operon is comprised by a mobile 
genetic element. 

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

17. The vector of any preceding Clause, wherein the vector 
is devoid of nucleotide sequence encoding one, more or 
all of a Casi, Cast, Cas4, Cas6, Cas7 and Cas8. 

18. The vector of any preceding Clause, wherein the vector 
comprises (optionally in 5' to 3' direction) nucleotide 
sequence encoding one, more or all of Cash, Cas7 and 
Cas8al. 

19. The vector of Clause 18, wherein the vector comprises 
nucleotide sequence encoding Cas3' and/or Cas3". 

20. 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. 

21. 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. 

22. 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. 

23. The vector of any one of Clauses 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8b 1, Cas7 
and CasS. 

24. The vector of Clause 23, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in Clause 23. 

30 
25. The vector of Clause 23 or 24, wherein the host cell 

comprises a Type lB CRISPR array that is cognate with 
the Cas3. 

26. The vector of Clause 23 or 24, wherein the host cell 
5 comprises an endogenous Type IA, C, U, D, E or F 

CRISPR/Cas system. 
27. The vector of any one of Clauses 1 to 17, wherein the 

vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of CasS, Cas8c 

10 and Cas7. 
28. The vector of Clause 27, wherein the vector comprises 

a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in Clause 27. 

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

the Cas3. 
30. The vector of Clause 27 or 28, wherein the host cell 

comprises an endogenous Type IA, B, U, D, E or F 
CRISPR/Cas system. 

20 31. The vector of any one of Clauses 1 to 17, wherein the 
vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8U2, Cas7, 
CasS and Cas6. 

32. The vector of Clause 31, wherein the vector comprises 
25 a nucleotide sequence encoding Cas3 between the pro- 

moter 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. 

30 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) nucleo- 

35 tide sequence encoding one, more or all of CaslOd, Cas7 
and CasS. 

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 
40 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. 

45 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) nucleo- 

50 tide sequence encoding one, more or all of Cas8e, Cash, 
Cas7, CasS and Cas6. 

41. The vector of Clause 40, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in Clause 40. 

55 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 

60 CRISPR/Cas system. 
44. The vector of any one of Clauses 1 to 17, wherein the 

vector comprises (optionally in 5' to 3' direction) nucleo- 
tide sequence encoding one, more or all of Cas8f, CasS, 
Cas7 and Cas6f. 

65 45. The vector of Clause 44, wherein the vector comprises 
a nucleotide sequence encoding Cas3 between the pro- 
moter and the sequence(s) recited in Clause 44, wherein 
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the vector is devoid of nucleotide sequence encoding 
further Cas between the promoter and the sequence 
encoding the Cas3. 

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

47. 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. 

48. 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 lB 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) Type IU Cas and Cascade proteins. 

49. The vector of any preceding Clause, wherein the Cas and 
Cascade are E co/i (optionally Type IE or IF) Cas and 
Cascade proteins. 

50. The vector of Clause 49, wherein the E co/i is ESBL- 
producing E. co/i orE. co/i ST131-025b:H4. 

51. The vector of any preceding Clause, wherein the Cas and 
Cascade are 
(a) C/ostridium (eg, C dffici/e) Cas and Cascade proteins, 

optionally C d[fici/e resistant to one or more antibiotics 
selected from aminoglycosides, lincomycin, tetracy- 
dines, erythromycin, clindamycin, penicillins, cepha- 
losporins and fluoroquinolones; 

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

(c) K/ebsie//a pneumoniae (eg, carbapenem-resistant 
K/ebsie//a pneumoniae or Extended-Spectrum Beta- 
Lactamase (ESBL)-producing Kpneumoniae) Cas and 
Cascade proteins. 

52. The vector of any preceding Clause, wherein the Cas and 
Cascade are E co/i, C df/ici/e, P aeruginosa, Kpneumo- 
niae, Pfuriosus or B ha/odurans Cas and Cascade pro- 
teins. 

53. 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. 

54. 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. 

55. 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). 

56. 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. 

32 
57. 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. 

5 58. 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. 

10 59. The vector of Clause 58, wherein the target sequence is 
a chromosomal sequence of the host cell. 

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

61. The vector of any preceding Clause, wherein the vector 
15 is a plasmid or phagemid. 

62. A delivery vehicle comprising the vector of any preced- 
ing 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 
20 is a phage, non-replicative transduction particle, nanopar- 

tide 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 dffici/e, P aeruginosa, Kpneumoniae (eg, 

25 carbapenem-resistant K/ebsie//a pneumoniae or 
Extended-Spectrum Beta-Lactamase (ESBL)-producing 
Kpneumoniae), E co/i (eg, ESBL-producing E. co/i, orE. 
co/i 5T131-025b:H4), H py/ori, S pneumoniae or S 
aureus cell. 

30 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 

35 (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. 

40 It will be understood that particular embodiments 
described herein are shown by way of illustration and not as 
limitations of the invention. The principal features of this 
invention can be employed in various embodiments without 
departing from the scope of the invention. Those skilled in 

45 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 consid- 
ered to be within the scope of this invention and are covered 
by the claims. All publications and patent applications 

50 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 incor- 
porated by reference to the same extent as if each individual 

55 publication or patent application was specifically and indi- 
vidually indicated to be incorporated by reference. Refer- 
ence is made to W02017/118598, U520180140698, 
U520170246221, U5201 80273940, U5201601 15488, 
U5201 80179547, U520170175 142, U5201 60024510, 

60 U520150064138, U520170022499, U520160345578, 
U520180155729, U520180200342, W02017112620, 
W0201 8081502, PCT/EP2O1 8/066954, PCT/EP2O1 8/ 
066980, PCT/EP2018/071454 and U.S. Ser. No. 15/985,658 
and equivalent publications by the US Patent and Trademark 

65 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 
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one or more features (eg, of a vector) that may be included 
in one or more claims herein. 

The use of the word "a" or "an" when used in conjunction 
with the term "comprising" in the claims and/or the speci- 
fication 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 alter- 
natives only or the alternatives are mutually exclusive, 
although the disclosure supports a definition that refers to 
only alternatives and "and/or." Throughout this application, 
the term "about" is used to indicate that a value includes the 
inherent variation of error for the device, the method being 
employed to determine the value, or the variation that exists 
among the study subjects. 

As used in this specification and claim(s), the words 
"comprising" (and any form of comprising, such as "com- 
prise" 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 "con- 
tain") are inclusive or open-ended and do not exclude 
additional, unrecited elements or method steps 

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

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

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. 

The present invention is described in more detail in the 
following non-limiting Examples. 

EXAMPLES 

The examples illustrate fast and precision killing of 
Escherichia co/i strains. As a model programmable nuclease 
system, we used a CRISPR guided vector (CGVM) to 
specifically target Escherichia co/i MG1655. 

Example 1. Single-Vector Cas3 & Cascade: Type I 

CRISPR-Cas System Targeting E. co/i 

tide sequences encoding a Type I Cas3 and Cascade proteins 
under the control of a common promoter. C. dffici/e Type lB 
Cas3 and Cascade was used. A cognate CRISPR array 
comprising C. dffici/e repeat sequences and spacer sequence 

5 for targeting an E. co/i host cell chromosome was also 
introduced into target cells. An adaptation module contain- 
ing Cast, Cast and Cas4 was omitted in the vector (see FIG. 
1A). In the wild-type C. dfflci/e Type lB CRISPR/Cas locus, 
the cas3 gene is 3' of the Cascade genes (cas8bl, cas7 and 

10 cas5) and thus spaced away from the promoter upstream of 
the Cascade genes. When we tried this arrangement, we 
found killing of E. co/i cells, but surprisingly when we 
changed to a synthetic operon arrangement (in 5' to 3' 
orientation) of promoter, cas3, cas8bl, cas7 and cas5 we saw 

15 significantly higher killing of the target E. co/i cells. 
Results using this synthetic operon arrangement are 

shown in FIGS. lA-iC. In FIG. lB there is shown a dilution 
series (101106) of drop spots (5 tl) oftargetE. co/i MGi 655 
cells harboring the CGV on LB agar plates with and without 

20 inducers. CRISPR/Cas induction surprisingly killed 99.9% 
of the population (FIG. 1C, grey bar). Growth in absence of 
induction is shown in black. CGVrM refers to a CRISPR 
Guided VectorTM, which is a nucleic acid vector comprising 
nucleotide sequences encoding CRISPR/Cas components. 

25 We also managed to achieve desirable targeted killing of 
E co/i cells using a similar set-up, except that E co/i Type IE 
Cas and Cascade were used, together with a cognate array 
targeting host cell E co/i chromosomal DNA (data not 
shown). In this case, a vector was used comprising (in 5' to 

30 3' direction) a promoter controlling the expression of Cas3, 
Cas8e, Cash, Cas7, CasS and Cas6 in an operon. 
Materials and Methods 

E. co/i MGi 655 was grown in lysogeny broth (LB) with 
shaking (250 rpm) at 37° C. When necessary, cultures were 

35 supplemented with tetracycline (10 tg/mL), and spectino- 
mycin (400 Kg/mL). 

To construct a plasmid containing C. dffici/e CRISPR 
system under arabinose inducible pBAD promoter, cas3, 
cas6, cas8b, cas7 and cas5 genes from C. dffici/e were 

40 amplified and cloned in a low copy number plasmid 
(pSC101 or. cas3 was located in the beginning of the 
operon followed by cas6, cas8b, cas7 and cas5. The adap- 
tation module (consisting of casi, cas2, and cas4) was 
omitted in the vector (FIG. 1A). A second plasmid contain- 

45 ing an IPTG inducible single-spacer array targeting a chro- 
mosomal intergenic region in E. co/i MGi 655 was con- 

structed (FIG. 1A). The spacer was cloned under control of 
the IPTG-inducible Ptrc promoter, in a C1oDF13 on back- 
bone. It contains 37 nucleotides from the genome of E. co/i 

50 MGi 655 (ctttgccgcgcgcttcgtcacgtaattctcgtcgcaa) (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. co/i MG1655 (FIG. 1A). 

To perform killing assays, both plasmids were trans- 
55 formed into E. co/i MG1655 by electroporation. Transfor- 

mants 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 

60 counting colony forming units (CFUs) on the plates and data 
were calculated as viable cell concentration (CFU/ml). 

65 

Example 2. Single-Vector Cas3-Cascade & Array: 
Type I CRISPR-Cas System Targeting E. co/i 

A plasmid (which we call a CRISPR Guided VectorTM, A plasmid (which we call a CRISPR Guided VectorTM, 
CGVM) was constructed comprising an operon with nucleo- CGVrM, which is a nucleic acid vector comprising nucleo- 
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tide sequences encoding CRISPRICas components) was 
constructed comprising an operon with nucleotide 
sequences encoding a Type I Cas3 and Cascade proteins 
under the control of a common promoter. C. dffici/e Type lB 
Cas3 and Cascade was used. Adaptation module containing 
Casi, Cas2 and Cas4 was omitted in the vector. A cognate 
CRISPR array comprising C. dffici/e repeat sequences and 
spacer sequence for targeting an E. co/i host cell chromo- 
some was also cloned in the vector (see FIG. 2A). Similarly 
we also constructed a plasmid comprising of an operon with 
nucleotide sequences encoding E. co/i Type IE Cas3 and 
Cascade proteins under control of a common promoter. The 
E. co/i adaption module containing Cas 1 and Cas2 was 
omitted, in the vector. A cognate CRISPR array comprising 
E. co/i repeat sequences and spacer sequence for targeting an 
E. co/i host cell chromosome was also cloned in the vector. 

The CGV containing the C. dffici/e CRISPR-Cas system 
was transformed into E. co/i MGi 655 which contains a pks 
sequence incorporated into the genome. Results using this 
synthetic operon arrangement are shown in FIGS. 2A-2C. In 
FIG. 2B there is shown a dilution series (10'-10) of drop 
spots (5 tl) of target E. co/i MG1655 cells harboring the 
CGV on synthetic medium (SM) agar plates with and 
without inducers. CRISPRICas induction resulted in more 
than 2-log10 reductions in viable cells of E. co/i MG1655 
(FIG. 2C, grey bar). Growth in absence of induction is 
shown in black. CGVrM refers to a CRISPR Guided Vec- 
torTM. 

The survival of E. co/i MG1655 upon induction was 
followed over time by plating the cultures in serial dilutions 
every 60 minutes, for 2 h (FIG. 3A). Killing curves revealed 
that CRISPRICas induction mediated rapid killing of E. co/i 
MGi 655, generating a two-log10 reduction in E. co/i by the 
first 60 minutes. FIG. 3B shows a dilution series (101106) 

of drop spots (5 p1) of induced and non-induced cultures of 
target E. co/i MG1655 on SM agar plates. 

The CGV containing theE. co/i CRISPR-Cas system was 
transformed into other E. co/i MGi 655 cells which contain 
a lambda sequence incorporated into the genome. Results 
using this synthetic operon arrangement are shown in FIGS. 
6A-6B. In FIG. 6Athere is shown a dilution series (10'-10) 
of drop spots (5 tl) oftargetE. co/i MGi 655 cells harboring 
the CGV on synthetic medium (SM) agar plates with and 
without inducers. CRISPRICas induction resulted in more 
than 2-log10 reductions in viable cells of E. co/i MG1655 
(FIG. 6B, grey bar). Growth in absence of induction is 
shown in black. In a repeat experiment (not shown) we saw 
a 3-log10 reductions in viable cells of E. co/i MG1655 with 
CRISPRICas induction. 
Materials and Methods 

E. co/i MG1655 was grown in synthetic medium (SM) 
with shaking (250 rpm) at 37° C. Cultures were supple- 
mented with 10 ig/mL tetracycline when required. 

To construct a plasmid containing C. dffici/e CRISPR 
system under arabinose inducible pBAD promoter, cas3, 
cas6, cas8b, cas7 and cas5 genes from C. d[fici/e were 
amplified and cloned in a low copy number plasmid 
(pSC101 or. cas3 was located in the beginning of the 
operon followed by cas6, cas8b, cas7 and cas5. Additionally, 
an IPTG inducible single-spacer array targeting a chromo- 
somal intergenic region in E. co/i MGi 655 was included in 
the vector under control of the IPTG-inducible Ptrc pro- 
moter (FIG. 2A). It contains 37 nucleotides from the PKS 
gene (previously integrated into the genome of E. co/i 
MGi 655) (gtttggcgatggcgcgggtgtggttgtgcttcggcgt) (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. co/i MG1655 (FIG. 2A). 

To construct a plasmid containing E. co/i CRISPR system 
under arabinose inducible pBAD promoter, cas3, csei, cse2, 

5 cas7, cas5 and cas6 genes from E. co/i were amplified and 
cloned in a low copy number plasmid (pSCiOi ori). The 
operon comprised (in 5' to 3' direction) cas3 followed by 
csei cse2, cas7, cas5 and cas6. Additionally, an IPTG 
inducible single-spacer array targeting a chromosomal inter- 

10 genic region in E. co/i MGi 655 was included in the vector 
under control of the IPTG-inducible Ptrc promoter. It con- 

tained 32 nucleotides from the lambda sequence (previously 
integrated into the genome of E. co/i MGi 655) (tgggatgcc- 
taccgcaagcagcttggcctgaa) (SEQ ID NO: 28) and found to 

15 efficiently target in Brouns et al., 2008 (Science. 2008 Aug. 
15; 321(5891):960-4. doi: i0.1126/science.1159689; "Small 
CRISPR RNAs guide antiviral defense in prokaryotes"). 
Additionally, the 3'-ATG protospacer adjacent motif (PAM) 
is located adjacent to the selected target sequence in the 

20 genome of E. co/i MG1655. 
The CGVs were transformed into E. co/i 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, 

25 and LB+inducers (0.5 mM IPTG and 1% arabinose). Viabil- 
ity was calculated by counting colony forming units (CFUs) 
on the plates and data were calculated as viable cell con- 

centration (CFU/ml). 
To perform killing curves, E. co/i MG1655 harboring the 

30 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 (i01i06) of drop spots 

35 (5 tl) 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). 

40 Example 3. Precision Killing of Target Strain E. 
co/i MG1655 in a Microbiome 

An artificial microbial consortium was constructed to 
study the efficiency of the CGV carrying the CRISPR-Cas 

45 system of C. dffici/e, to specifically target E. co/i MG1655 
in the presence of other microbes, mimicking the human 
microbiome. 

The synthetic consortium consisted of three strains (two 
different species) with differential antibiotic resistance pro- 

50 files: a streptomycin-resistant E. co/i MG1655 (target 
strain), an ampicillin-resistant E. co/i Topi0, and a chloram- 
phenicol-resistant Lactococcus /actis NZ9000. To create the 
consortium, bacterial cultures were grown separately in 
Brain Heart Infusion broth (BHI, optimal growth medium 

55 for L. /actis) 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 

60 of target E. co/i MG1655, while leaving E. co/i Topi0 and 
L. /actis NZ9000 cell populations unharmed (FIG. 4A). In 
FIG. 4B there is shown a dilution series (i0'-i0) of drop 
spots (5 tl) of the synthetic consortium after 1 h induction 
on BHI agar plates. 

65 Additionally, CRISPR killing of target strain E. co/i 
MG1655 in the synthetic microbial consortium was com- 
pared to a pure culture (ie, target strain E. co/i MGi 655 that 



US 11,578,333 B2 

is not mixed with another strain or species). Unexpectedly, 
in both conditions, killing of 3 logs was achieved when 
plated on BHI agar plates with inducers (FIG. SA). Thus, 
surprisingly the killing in the microbiome setting was as 
efficient as the killing in pure culture. In FIG. SB there is 
shown a dilution series (10'-10) of drop spots (5 tl) of the 
synthetic consortium and E. co/i MGi 655 in pure culture on 
BHI agar plates with and without inducers. 
Materials and Methods 

E. co/i MGi 655, E. co/i Top 10, and Lactococcus /actis 
NZ9000 were grown in BHI broth with shaking (250 rpm) 
at 30° C. Cultures were supplemented with 1000 ig/mL 
streptomycin, 100 ig/mL ampicillin, or 10 igImL chloram- 
phenicol, respectively. 

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 chloram- 
phenicol to quantify the initial concentration of E. co/i 

MG1655, E. co/i ToplO andL. /actis 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 
(CFUs) on selective plates and data were calculated as 
viable cell concentration (CFU/ml). 

38 
Example 4. Use of Promoter Repression in Vector 

Amplification Strains 

We engineered an E co/i ToplO production strain cell 
5 population comprising plasmid CGV DNA and an express- 

ible 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 pro- 
moter is normally constitutively ON, but it was repressed by 

10 
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. 

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 

15 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 

20 (eg, due to CGV cutting). 

REFERENCES 
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TABLE 2 TABLE 2-continued 

Sequences Sequences 

Nucleic acid sequences herein are written in 5 to TCCACACGTCCAACGCACAGCAAACACCACGTCGACCCTATCAGCTGCGT 
3 direction; amino acid sequences are written in 5 GCTTTCTATGAGTCGTTGCTGCATAACTTGACAATTAATCATCCGGCTCG 
N- to C-terminal direction. TATAATGTGTGGAA 
SEQ ID NO 1 (P10) 

TTTCAATTTAATCATCCGGCTCGTATAATGTGTGGA SEQ ID NO 29 is 

GGATCCAPACTCGAGTAAGGATCTCCAGGCATCAAATAPAACGAPAGGCT 
SEQ ID NO 2 (BCD14) CAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGC 
GGGCCCAAGTTCACTTAAAAAGGAGATCAACAATGAAAGCAATTTTCGTA 10 TCTCTACTAGAGTCACACTGGCTCACCTTCGGGTGGGCCTTTCTGCGTTT 
CTGAPACATCTTAATCATGCGGTGGAGGGTTTCTAATG ATA 

SEQ ID NO (gfp) SEQ ID NO 5 (Example Shine Dalgarno Sequence) 
ATGAGCAPAGGAGAAGAACTTTTCACTGGAGTTGTC AAAGAGGAGAPA 

SEQ IDs NO 4 & 29 (example Expression Operating 
15 

Unit EOU 
SEQ ID NO 26 (Spacer sequence( 

The EOU is (in 5 to 3 direction( 
CTTTGCCGCGCGCTTCGTCACGTAATTCTCGTCGCAA 

[SEQ ID NO 4]-[promoter]-[TIS]-[GFP-encoding 
nucleotide sequence]-[SEQ ID NO 29] SEQ ID NO 27 (Spacer sequence) 

GTTTGGCGATGGCGCGGGTGTGGTTGTGCTTCGGCGT 

Where 
SEQ ID NO 4 is 20 SEQ ID NO 2 (Spacer sequence) 

GAATTCAAAAGATCTTAAGTAAGTAAGAGTATACGTATATCGGCTAATAA TGGGATGCCTACCGCAAGCAGCTTGGCCTGAA 
CGTATGAAGGCGCTTCGGCGCCTTTTTTTATGGGGGTATTTTCATCCCAA 

TABLE 3 

nderson Promoter Collection 

SEQ 

ID Measured 

NO Identifier Sequence' Strength' 

6 BBaJ23 119 TTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC n/a 

7 BBaJ23100 TTGACGGCTAGCTCAGTCCTAGGTACAGTGCTAGC 1 

BBaJ231O1 TTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGC 0.7 

9 BBaJ231O2 TTGACAGCTAGCTCAGTCCTAGGTACTGTGCTAGC 0. 

10 BBaJ231O3 CTGATAGCTAGCTCAGTCCTAGGGATTATGCTAGC 0.01 

11 BBaJ231O4 TTGACAGCTAGCTCAGTCCTAGGTATTGTGCTAGC 0.72 

12 BBaJ231OS TTTACGGCTAGCTCAGTCCTAGGTACTATGCTAGC 0.24 

13 BBaJ231O6 TTTACGGCTAGCTCAGTCCTAGGTATAGTGCTAGC 0.47 

14 BBaJ231O7 TTTACGGCTAGCTCAGCCCTAGGTATTATGCTAGC 0.36 

15 BBaJ2310 CTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC 0.51 

16 BBaJ231O9 TTTACAGCTAGCTCAGTCCTAGGGACTGTGCTAGC 0.04 

17 BBaJ2311O TTTACGGCTAGCTCAGTCCTAGGTACAATGCTAGC 0.33 

1 BBaJ23111 TTGACGGCTAGCTCAGTCCTAGGTATAGTGCTAGC 0. 

19 BBaJ23 112 CTGATAGCTAGCTCAGTCCTAGGGATTATGCTAGC 0 

20 BBaJ23113 CTGATGGCTAGCTCAGTCCTAGGGATTATGCTAGC 0.01 

21 BBaJ23114 TTTATGGCTAGCTCAGTCCTAGGTACAATGCTAGC 0.1 

22 BBaJ2311S TTTATAGCTAGCTCAGCCCTTGGTACAATGCTAGC 0.15 

23 BBaJ23116 TTGACAGCTAGCTCAGTCCTAGGGACTATGCTAGC 0.16 
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TABLE 3-continued 

nderson Promoter collection 

S EQ 

ID Measured 
NO Identifier Sequence' Strength' 

24 BBaJ23117 TTGACAGCTAGCTCAGTCCTAGGGATTGTGCTAGC 0.06 

25 BBaJ2311 TTGACGGCTAGCTCAGTCCTAGGTATTGTGCTAGC 0.56 

aalso shown in the Anderson Catalog, see <http://parts.igem.org/Promotersl 
Catalog/Anderson> 
bstrength is the Anderson Score (AS), e.g., a strength of is a AS of . 

Reported activities of the promoters are given as the relative fluorescence 
of plasmids in strain 1GJ grown in LE media to saturation. A suitable plasmid 
is EX-Ptet-S-rbsRFP-P "RFP reporter" as described at <http://parts.igem.org/ 
Part:EEaJ6OO2>; insertion of a promoter element between XbaI and Spel sites 
results in a RFP reporter. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS 29 

<210> SEQ ID NO 1 

<211> LENGTH 36 

<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 1 

tttcaattta atcatccggc tcgtataatg tgtgga 36 

<210> SEQ ID NO 2 

<211> LENGTH 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 2 

gggcccaagt tcacttaaaa aggagatcaa caatgaaagc aattttcgta ctgaaacatc 60 

ttaatcatgc ggtggagggt ttctaatg 

<210> SEQ ID NO 3 

<211> LENGTH 36 

<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 3 

atgagcaaag gagaagaact tttcactgga gttgtc 36 

<210> SEQ ID NO 4 

<211> LENGTH 214 

<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 4 

gaattcaaaa gatcttaagt aagtaagagt atacgtatat cggctaataa cgtattaagg 60 

cgcttcggcg ccttttttta tgggggtatt ttcatcccaa tccacacgtc caacgcacag 120 

caaacaccac gtcgacccta tcagctgcgt gctttctatg agtcgttgct gcataacttg 10 

acaattaatc atccggctcg tataatgtgt ggaa 214 
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-continued 

<210> SEQ ID NO 5 

<211> LENGTH 12 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE S 

aaagaggaga aa 12 

<210> SEQ ID NO 6 

<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 6 

ttgacagcta gctcagtcct aggtataatg ctagc 35 

<210> SEQ ID NO 7 

<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 7 

ttgacggcta gctcagtcct aggtacagtg ctagc 35 

<210> SEQ ID NO 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 

tttacagcta gctcagtcct aggtattatg ctagc 35 

<210> SEQ ID NO 9 

<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 9 

ttgacagcta gctcagtcct aggtactgtg ctagc 35 

<210> SEQ ID NO 10 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 10 

ctgatagcta gctcagtcct agggattatg ctagc 35 

<210> SEQ ID NO 11 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
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-continued 

<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 11 

ttgacagcta gctcagtcct aggtattgtg ctagc 35 

<210> SEQ ID NO 12 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 12 

tttacggcta gctcagtcct aggtactatg ctagc 35 

<210> SEQ ID NO 13 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 13 

tttacggcta gctcagtcct aggtatagtg ctagc 35 

<210> SEQ ID NO 14 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 14 

tttacggcta gctcagccct aggtattatg ctagc 35 

<210> SEQ ID NO 15 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 15 

ctgacagcta gctcagtcct aggtataatg ctagc 35 

<210> SEQ ID NO 16 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 16 

tttacagcta gctcagtcct agggactgtg ctagc 35 

<210> SEQ ID NO 17 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic construct 

<400> SEQUENE 17 

tttacggcta gctcagtcct aggtacaatg ctagc 35 
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-continued 

<210> SEQ ID NO 1 

<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 1 

ttgacggcta gctcagtcct aggtatagtg ctagc 35 

<210> SEQ ID NO 19 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 19 

ctgatagcta gctcagtcct agggattatg ctagc 35 

<210> SEQ ID NO 20 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 20 

ctgatggcta gctcagtcct agggattatg ctagc 35 

<210> SEQ ID NO 21 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 21 

tttatggcta gctcagtcct aggtacaatg ctagc 35 

<210> SEQ ID NO 22 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 22 

tttatagcta gctcagccct tggtacaatg ctagc 35 

<210> SEQ ID NO 23 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 23 

ttgacagcta gctcagtcct agggactatg ctagc 35 

<210> SEQ ID NO 24 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 
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-continued 
<400> SEQUENCE 24 

ttgacagcta gctcagtcct agggattgtg ctagc 35 

<210> SEQ ID NO 25 
<211> LENGTH 35 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 25 

ttgacggcta gctcagtcct aggtattgtg ctagc 35 

<210> SEQ ID NO 26 
<211> LENGTH 37 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 26 

ctttgccgcg cgcttcgtca cgtaattctc gtcgcaa 37 

<210> SEQ ID NO 27 
<211> LENGTH 37 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 27 

gtttggcgat ggcgcgggtg tggttgtgct tcggcgt 37 

<210> SEQ ID NO 2 

<211> LENGTH 32 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 2 

tgggatgcct accgcaagca gcttggcctg aa 32 

<210> SEQ ID NO 29 
<211> LENGTH 153 
<212> TYPE DNA 
<213> ORGANISM Artificial Sequence 
<220> FEATURE 
<223> OTHER INFORMATION Synthetic Construct 

<400> SEQUENCE 29 

ggatccaaac tcgagtaagg atctccaggc atcaaataaa acgaaaggct cagtcgaaag 60 

actgggcctt tcgttttatc tgttgtttgt cggtgaacgc tctctactag agtcacactg 120 

gctcaccttc gggtgggcct ttctgcgttt ata 153 

The invention claimed is: 

1. A method for enhancing the yield of amplified copies 60 

of a first DNA construct in a population of Escherichia co/i 
(E. co/i) production strain cells, 

wherein the first DNA construct comprises a nucleotide 
sequence encoding a Cas nuclease that is under the 65 

control of a promoter for controlling the expression of 
the Cas nuclease in the production strain cells, 

wherein the promoter comprises a nucleotide sequence 
that is capable of binding to a repressor; 

wherein production strain cells comprise a nucleic acid 
sequence encoding the repressor, 

wherein the nucleic acid sequence encoding the repressor 
is a chromosomally-integrated sequence or comprised 
by a second DNA construct, and the amplified copies of 
the first DNA construct do not comprise the nucleic 
acid sequence encoding the repressor; 
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the method comprising culturing the cells to allow repli- 
cation of the first DNA construct thereby amplifying 
the first DNA construct in the cells and to allow 
expression of the repressor in the cells, 

wherein the promoter is repressed by the repressor in the 
production strain cells, 

whereby the yield of amplified copies of the first DNA 
construct is enhanced relative to the yield produced 
using a constitutive promoter having an Anderson 
Score (AS) of ASO.5 to control the expression of the 
Cas nuclease in the production strain cells, 

wherein the production strain cell does not comprise a 
crRNA or gRNA operable with the Cas nuclease to 
target and cut a chromosomal sequence of the produc- 
tion strain cell. 

2. The method of claim 1, wherein enhancing said yield 
is by 

(a) reducing toxicity of the Cas in the production strain; 
(b) reducing mutation of the first DNA construct or 

production strain cell chromosomal DNA in the pro- 
duction strain; 

(c) promoting production cell viability during the ampli- 
fication of the first DNA construct; and/or 

(d) reducing the occurrence of Cas cutting of production 
strain cell chromosomal DNA or of the first DNA 
construct. 

3. The method of claim 1, wherein the promoter that is 
capable of binding to a repressor has a strength less than the 
Anderson Score promoter BBa_J23108. 

4. The method of claim 1, wherein the nucleotide 
sequence that is capable of binding to the repressor is a tetO 
or lacO. 

5. The method of claim 4, wherein the promoter is 

LttO1, Lk,CO1 or a repressible homologue thereof. 
6. The method of claim 1, wherein the repressor is a 

tetracycline repressor (TetR) or a lac repressor (LacR). 
7. The method of claim 1, wherein the nuclease is Cas9. 
8. The method of claim 1, wherein the nuclease is Cpfl. 
9. The method of claim 1, wherein the nuclease is Cas3 

and the first DNA construct or cell encodes Cascade proteins 
that are cognate with the Cas3. 

10. The method of claim 1, wherein the first DNA 
construct comprises one or more nucleotide sequences for 
producing crRNAs or gRNAs that are operable for Cas 
nuclease targeting in target host cells. 

11. The method of claim 1, wherein the first DNA 
construct is comprised by a high copy number plasmid or 
phagemid. 

12. A method of making phage particles or non-self 
replicative transduction particles comprising amplified cop- 
ies of a first DNA construct, the method comprising: 

(a) culturing a population of Escherichia co/i (E. co/i) 
production strain cells, wherein the production strain 
cells comprise: 

78 
(i) the first DNA construct, wherein the first DNA con- 

struct comprises a nucleotide sequence encoding a Cas 
nuclease that is under the control of a promoter for 
controlling the expression of the Cas nuclease in the 

5 production strain cells, and wherein the promoter com- 
prises a nucleotide sequence that is capable of binding 
to a repressor, 

(ii) a nucleic acid sequence encoding the repressor, 
wherein the nucleic acid sequence encoding the repres- 

10 sor is a chromosomally-integrated sequence or com- 
prised by a second DNA construct, and 

(iii) a nucleotide sequence that is inducible to produce 
phage coat proteins in the cells; 

15 
wherein the cultured production strain cells express the 

repressor in the cells and replicate the first DNA 
construct to produce the amplified copies of the first 
DNA construct, wherein the amplified copies of the 
first DNA construct do not comprise the nucleic acid 

20 
sequence encoding the repressor; and 

(b) 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, 

25 wherein the phage particles or non-self-replicative trans- 
duction particles are devoid of the nucleic acid 
sequence encoding the repressor. 

13. The method of claim 12, further comprising formu- 
lating the particles into a pharmaceutical composition for 

30 administration to a human or animal subject for treating or 
reducing the risk of a disease or condition in the subject. 

14. The method of claim 13, wherein the particles are 
capable of infecting target host cells in the subject and 
transducing the cells with the first DNA construct, wherein 
the Cas nuclease encoded by the first DNA construct is 
expressed in the target host cells, wherein the Cas nuclease 
is operable with one or more crRNAs or gRNAs to modify 
a target sequence in the target host cells. 

40 15. The method of claim 14, wherein the Cas nuclease 
cuts the target sequence thereby killing the target host cells 
and treating or reducing the risk of the disease or condition. 

16. The method of claim 14, wherein the target host cells 
are bacterial cells selected from the group consisting of C. 

45 dffici/e, P aeruginosa, K. pneumonia, E. co/i, H. py/ori, S. 

pneumoniae and S. aureus cells. 

17. The method of claim 13, wherein the disease or 
condition is an E. co/i infection. 

50 
18. The method of claim 12, wherein the production strain 

cell does not comprise a crRNA or gRNA operable with the 
Cas nuclease to target and cut a chromosomal sequence of 
the production strain cell. 

* * * * * 
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