%@mmﬂﬁgfw %L/WM%%/L/Q/Z&?

T Dorecton

%XZL& United e Statrs S otent-and Trademark Ofpee bis receved
m%zéml’c‘onﬁ @W/@ramamafm%/m@m He titt:
and dusergition ?/wwmmmzz %W
%M@/mwm&gw%&, leere determened Mok
@memJMéMWﬁm.

grants to the person(s) having title to this patent the right to exclude others from making,
using, offering for sale, or selling the invention throughout the United States of America or
importing the invention into the United States of America, and if the invention is a process,
of the right to exclude others from using, offering for sale or selling throughout the United
States of America, products made by that process, for the term set forth in 35 v.s.c. 154(a)(2)
or (c)(1), subject to the*payment of maintenance fees as provided by 35 u.s.c. 41(b). See the

Maintenance Fee Notice on the inside of the cover.

C—Q Kotnwring J(U\&T\/l'dai, ' C}D

DirecTor oF THE UNITED STATES PATENT AND TRADEMA e OFFICE




Maintenance Fee Notice

If the application for this patent was filed on or after December 12, 1980, maintenance fees
are due three years and six months, seven years and six months, and eleven years and six
months after the date of this grant, or within a grace period of six months thereafter upon
payment of a surcharge as provided by law. The amount, number and timing of the mainte-
nance fees required may be changed by law or regulation. Unless payment of the applicable
maintenance fee is received in the United States Patent and Trademark Office on or before
the date the fee is due or within a grace period of six months thereafter, the patent will expire
as of the end of such grace period.

Patent Term Notice

If the application for this patent was filed on or after June 8, 1995, the term of this patent
begins on the date on which this patent issues and ends twenty years from the filing date of
the application or, if the application contains a specific reference to an earlier filed applica-
tion or applications under 35 U.5.C. 120, 121, 365(c), or 386(c), twenty years from the filing date
of the earliest such application (“the twenty-year term”), subject to the payment of mainte-

nance fees as provided by 35 U.s.c. 41(b), and any extension as provided by 35 U.s.c. 154(b) or
156 or any disclaimer under 35 U.s.c. 253.

If this application was filed prior to June 8, 1995, the term of this patent begins on the date
on which this patent issues and ends on the later of seventeen years from the date of the
grant of this patent or the twenty-year term set forth above for patents resulting from appli-
cations filed on or after June 8, 1995, subject to the payment of maintenance fees as provided
by 35 u.s.c. 41(b) and any extension as provided by 35 U.s.c. 156 or any disclaimer under
35 U.S.C. 253.

Form PTO-377C (Rev 09/17)



a2 United States Patent

Martinez et al.

USO011578333B2

US 11,578,333 B2
*Feb. 14, 2023

(10) Patent No.:
45) Date of Patent:

(54) SINGLE-VECTOR TYPE I VECTORS

(71) Applicant: SNIPR Biome ApS, Copenhagen @
(DK)

(72) Inventors: Virginia Martinez, Copenhagen @
(DK); Ruben Vazquez-Uribe, London
(GB); Adam Takos, Copenhagen @
(DK); Eric Van Der Helm, London
(GB); Jasper Clube, London (GB)

(73) Assignee: SNIPR Biome ApS, Copenhagen @
(DK)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 17/195,157
(22) Filed: Mar. 8, 2021

(65) Prior Publication Data
US 2021/0189406 Al Jun. 24, 2021

Related U.S. Application Data
(63) Continuation of application No. 16/201,736, filed on

Nov. 27, 2018.
(30) Foreign Application Priority Data
Oct. 14, 2018  (GB) .eceeiveeervcienccreerene 1816700
Oct. 27, 2018 (GB) .eceeivveerveevenccreercnae 1817509
(51) Imt.CL
CI2N 15/70 (2006.01)
CI2N 9722 (2006.01)
CI2N 15/11 (2006.01)
AG6IK 38/46 (2006.01)
AG6IK 31/7088 (2006.01)
CO7K 14/33 (2006.01)
AG6IP 31/04 (2006.01)
(52) US. CL
CPC ... CI2N 15/70 (2013.01); A61K 31/7088

(2013.01); A61K 38/465 (2013.01); A61P
31/04 (2018.01); CO7K 14/33 (2013.01); CI2N
9/22 (2013.01); CI2N 15/11 (2013.01); CI2N
2310/20 (2017.05); CI12N 2800/80 (2013.01);
CI2N 2820/002 (2013.01); CI2N 2820/007
(2013.01); CI2N 2820/55 (2013.01); CI2N
2830/005 (2013.01)
(58) Field of Classification Search

CPC et CI12N 15/70

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,626,504 A
5,633,154 A

12/1986 Puhler
5/1997 Schaefer

8,241,498 B2 82012 Summer
8,252,576 B2 82012 Campbell
8,906,682 B2  12/2014 June
8,911,993 B2  12/2014 June
8,916,381 Bl  12/2014 June
8,975,071 Bl 3/2015 June
9,101,584 B2 82015 June
9,102,760 B2 82015 June
9,102,761 B2 82015 June
9,113,616 B2 82015 Stevens
9,328,156 B2 5/2016 June
9,464,140 B2  10/2016 June
9,481,728 B2  11/2016 June
9,499,629 B2 112016 June
9,518,123 B2  12/2016 June
9,540,445 B2 1/2017 June
9,701,964 B2 7/2017 Clube

10,300,138 B2
10,463,049 B2
10,506,812 B2
10,524,477 B2
10,561,148 B2
10,582,712 B2
10,596,255 B2
10,624,349 B2
11,141,481 B2
11,147,830 B2
2004/0096974 Al
2005/0118719 Al
2011/0136688 Al
2013/0109053 Al
2013/0287748 Al
2013/0288368 Al
2013/0309258 Al

5/2019 Clube
11/2019 Clube
12/2019 Clube

1/2020 Clube

2/2020 Clube

3/2020 Clube

3/2020 Clube

4/2020 Clube
10/2021 Clube
10/2021 Clube

5/2004 Herron

6/2005 Schmidt

6/2011 Scholl

5/2013 Macdonald
10/2013 June
10/2013 June
11/2013 June

(Continued)

FOREIGN PATENT DOCUMENTS

CN 107557378 A 1/2018
EP 2840140 Al 2/2015
(Continued)

OTHER PUBLICATIONS
Tao et. al. CRISPR-Cas9/Casl2a biotechnology and application in

bacteria. Sci. Adv. 2018;4: eaar4134 (Year: 2018).*
(Continued)

Primary Examiner — Scarlett Y Goon
Assistant Examiner — Tiftany Nicole Grooms

(74) Attorney, Agent, or Firm — Morrison & Foerster
LLP

(57) ABSTRACT

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.

18 Claims, 6 Drawing Sheets

Specification includes a Sequence Listing.



US 11,578,333 B2

Page 2
(56) References Cited 2020/0205416 Al 7/2020 Clube
2020/0254035 Al 8/2020 Haaber
U.S. PATENT DOCUMENTS 2020/0267992 Al 8/2020 Clube
2020/0337313 Al 10/2020 Clube
2014/0106449 Al 4/2014 June 2020/0390886 Al  12/2020 Clube
2014/0107092 Al 4/2014 Meyerson 2021/0147827 Al 52021 Clube
2014/0234972 Al 82014 Zhang 2021/0147857 Al 5/2021 Club_e
2014/0370017 Al 12/2014 June 2021/0163960 Al 6/2021 Martinez et al.
2015/0050699 Al 2/2015 Siksnys 2021/0230559 Al 7/2021 Clube
2015/0050729 A1l 2/2015 June 2021/0283167 Al 9/2021 Clube
2015/0064138 Al 3/2015 Lu 2021/0386773 Al 12/2021 Clube
2015/0093822 Al 4/2015 June
2015/0099299 Al 4/2015 June FOREIGN PATENT DOCUMENTS
2015/0118202 Al 4/2015 June
2015/0125463 Al 5/2015 Cogswell EP 3132035 B8 4/2020
2015/0132419 Al 5/2015 Arvik EP 3132036 BS 4/2020
2015/0139943 Al 5/2015 Campana EP 3630975 Al 4/2020
2015/0140001 Al 5/2015 Lee EP 3633032 A2 4/2020
2015/0290244 Al  10/2015 June EP 3634442 Al 4/2020
2016/0009805 Al 1/2016 Kowanetz EP 3634473 Al 4/2020
2016/0024510 Al 1/2016 Bikard RU 2531343 C2  10/2014
2016/0081314 Al 3/2016 Thurston WO 2005046579 A2 5/2005
2016/0115488 Al 4/2016 Zhang WO 2005046579 A3 8/2005
2016/0115489 Al 4/2016 Zhang WO 2007025097 A2 3/2007
2016/0130355 Al 5/2016 June WO 2008108989 A2 9/2008
2016/0159907 Al 6/2016 June WO 2010011961 A2 1/2010
2016/0160186 Al 6/2016 Parsley WO 2010075424 A2 7/2010
2016/0168594 Al 6/2016 Zhang et al. WO 2012079000 Al 6/2012
2016/0194404 Al 7/2016 June WO 2012079000 A4 8/2012
2016/0208012 Al 7/2016 June WO 2012164565 A1 12/2012
2016/0324938 Al  11/2016 Bikard WO 2013063361 Al 5/2013
2016/0333348 Al  11/2016 Clube WO 2013176772 A1 11/2013
2016/0345578 Al  12/2016 Barrangou WO 2014012001 A2 1/2014
2016/0347836 Al  12/2016 Grosso WO 2014018423 A2 1/2014
2016/0354416 Al 12/2016 Gajewski WO 2014124226 Al 8/2014
2017/0022499 Al 1/2017 Lu WO 2015034872 A2 3/2015
2017/0173085 Al 6/2017 Kovarik WO 2014012001 A3 4/2015
2017/0173086 Al 6/2017 Boyle et al. WO 2015058018 Al 4/2015
2017/0175142 Al 6/2017 Zhang WO 2015069682 A2 5/2015
2017/0196225 Al 7/2017 Clube WO 2015071474 A2 5/2015
2017/0233708 Al* 82017 Liu ccovvcrcenn CI2N 15/1037 WO 2015088643 Al 6/2015
435/219 WO 2015089419 A2 6/2015
2017/0246221 Al 8/2017 Clube WO 2015089419 A3 9/2015
2017/0304443 Al  10/2017 Lebwohl WO 2015136541 A2 9/2015
2017/0327582 Al  11/2017 Bissonnette WO 2015148680 A1  10/2015
2017/0340733 Al  11/2017 Cao WO 2015155686 A2  10/2015
2018/0015131 Al 1/2018 Gajewski WO 2015159068 A1  10/2015
2018/0055852 Al 3/2018 Kutok WO 2015159086 Al  10/2015
2018/0064114 Al 3/2018 Clube WO 2015159087 A1  10/2015
2018/0064115 Al 3/2018 Clube WO 2015136541 A3 11/2015
2018/0070594 Al 3/2018 Clube WO 2016033088 Al 3/2016
2018/0084785 Al 3/2018 Clube WO 2016044745 Al 3/2016
2018/0084786 Al 3/2018 Clube WO 2016063263 A2 4/2016
2018/0140698 Al 5/2018 Clube WO 2016177682 Al  11/2016
2018/0146681 Al 5/2018 Clube WO 2016196361 Al  12/2016
2018/0155729 Al 6/2018 Beisel WO 2016196605 Al  12/2016
2018/0179547 Al 6/2018 Zhang WO 2017042347 Al 3/2017
2018/0200342 Al 7/2018 Bikard WO 2017058751 Al 4/2017
2018/0273940 Al 9/2018 Sommer WO 2017112620 Al 6/2017
2018/0303934 Al  10/2018 Clube WO 2017118598 Al 7/2017
2018/0305714 Al* 10/2018 Maresca ................. A61P 43/00 WO 2018064165 A2 4/2018
2019/0133135 Al 5/2019 Clube WO 2018081502 Al 5/2018
2019/0134194 Al 5/2019 Clube WO 2018141907 Al 8/2018
2019/0160120 Al 5/2019 Haaber WO 2018217351 Al  11/2018
2019/0230936 Al 8/2019 Clube WO 2018217981 Al  11/2018
2019/0240325 Al 8/2019 Clube WO 2018222969 Al  12/2018
2019/0240326 Al 8/2019 Clube WO 2018226853 Al  12/2018
2019/0321468 Al  10/2019 Clube WO 2019002207 Al 1/2019
2019/0321469 Al  10/2019 Clube WO 2019002218 A2 1/2019
2019/0321470 Al 10/2019 Clube WO 2020072248 Al 4/2020
2019/0367947 Al* 12/2019 Lopes Ferreira ... C12N 15/102 WO 2020072250 Al 4/2020
2020/0068901 Al 3/2020 Clube WO 2020072253 Al 4/2020
2020/0077663 Al 3/2020 Clube WO 2020072254 Al 4/2020
2020/0085066 Al 3/2020 Clube
2020/0102551 Al* 4/2020 Barrangou .......... CI12N 15/102
2020/0115716 Al 4/2020 Martinez OTHER PUBLICATIONS
2020/0121787 Al 4/2020 Clube ]
2020/0128832 Al 4/2020 Clube Vercoe et. al. Cytotoxic Chromosomal Targeting by CRISPR/Cas

2020/0164070 Al 5/2020 Clube Systems Can Reshape Bacterial Genomes and Expel or Remodel



US 11,578,333 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Pathogenicity Islands. 2013 PLOS Genetics; vol. 9 | Issue 4 |
€1003454 (Year: 2018).*

Yao et. al. CRISPR-Cas9/Cas12a biotechnology and application in
bacteria. vol. 3, Issue 3, Sep. 2018, pp. 135-149 (Year: 2018).*
Lutz et al. Independent and tight regulation of transcriptional units
in Escherichia coli via the LacR/O, the TetR/O and AraC/I1-12
regulatory elements. Nucleic Acids Research, 1997, vol. 25, No. 6
1203-1210 (Year: 1997).*

Gomaa et al. Programmable Removal of Bacterial Strains by Use of
Genome-Targeting CRISPR-Cas Systems (2014) MBio 5(1):e00928-
00913 (Year: 2014).*

Aklujkar et al. (20 10) “Interference With Histidyl-tRNA Synthetase
by a CRISPR Spacer Sequence as a Factor in the Evolution of
Pelobacter Carbinolicus,” BMC Evolutionary Biology 10:203, 15
pages.

American Lung Association (2019). “Preventing COPD,” retrieved
from https://www.lung.org/lung-health-and-diseases/lung-disease-
lookup/copd/symptoms-causes-risk-factors/preventing-copd.html, last
visited Aug. 5, 2019, 1 page.

Anderson Catalog, retrieved from https//parts.igem.org/Promoters/
Catalog/Anderson lasted visited Nov. 29, 2018, 2 pages.
Anderson Promotor Collection, BBa_J23100, (Aug. 4, 2006), 3

pages.
Anderson Promotor Collection, BBa_J23101, (Aug. 4, 2006), 2
pages.

Anderson Promotor Collection, BBa J23102, (Aug. 4, 2006), 1
pages.

Anderson Promotor Collection, BBa_J23103, (Aug. 4, 2006), 2
pages.

Anderson Promotor Collection, BBa_J23104, (Aug. 4, 2006), 2
pages.

Anderson Promotor Collection, BBa_J23105, (Aug. 14, 2006), 2
pages.

Anderson Promotor Collection, BBa_J23106, (Aug. 14, 2006), 5
pages.

Anderson Promotor Collection, BBa J23107, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa_J23108, (Aug. 17, 2006), 3
pages.

Anderson Promotor Collection, BBa_J23109, (Aug. 17, 2006), 2
pages.

Anderson Promotor Collection, BBa_J23110, (Aug. 17, 2006), 2
pages.

Anderson Promotor Collection, BBa J23111, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa J23112, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa J23113, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa_J23114, (Aug. 17, 2006), 2
pages.

Anderson Promotor Collection, BBa J23115, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa J23116, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa J23117, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa J23118, (Aug. 17, 2006), 1
pages.

Anderson Promotor Collection, BBa_J23119, (Aug. 24, 2006), 3
pages.

Ang, YL.E. et al. (2015). “Best Practice in the Treatment of
Advanced Squamous Cell Lung Cancer,” Ther. Adv. Respir. Dis.
9(5):224-235.

Anonymous (Apr. 2016). “Checkpoint Inhibition: A Promising
Immunotherapeutic Approach for Colorectal Cancer,” Oncology,
5(3):1-5, retrieved from http//www.personalizedmedonc.com/

publications/prno/april-2016-vol-5-no-3/checkpoint-inhibition-a-
promising-irmunotherapeutic-approach-for-colorectal-cancer-2/, last
visited Aug. 27, 2019, 5 pages.

Arnold, I.C. etal. (Apr. 8, 2015, e-pub. Mar. 4, 2015). “Helicobacter
Hepaticus Infection in BALB/c Mice Abolishes Subunit-Vaccine-
Induced Protection Against M. Tuberculosis,” Vaccine 33(15):1808-
1814.

Arslan, Z. et al. (May 7, 2013). “RcsB-BglJ-Mediated Activation of
Cascade Operon Does Not Induce the Maturation of CRISPR RNAs
in E. coli K12,” RNA Biology 10(5):708-715.

Arumugam et al. (May 12, 2011). “Enterotypes of the human gut
microbiome,” Nature 473(7346):174-180, 16 pages.

Barrangou, R. et al. (Mar. 2007). “CRISPR Provides Acquired
Resistance Against Viruses in Prokaryotes,” Science, 315:1709-
1712.

Barrett, K.J. et al. (1976). “Interactions Between a Satellite Bacte-
riophage and its Helper,” J. Mol. Biol. 106:683-707.

Beisel, C.L. et al. (2014). “A CRISPR Design for Next-Generation
Antimicrobials,” Genome Biology 15:516, 4 pages.

Belizario, J.E. et al. (Oct. 6, 2015). “Human Microbiomes and Their
Roles in Dysbiosis, Common Diseases, and Novel Therapeutic
Approaches,” Frontiers in Microbiology 6(1050):1-16.

Bertram, R. et al. (2008). “The Application of Tet Repressor in
Prokaryotic Gene Regulation and Expression,” Microbial Biotech-
nology 1(1):1-6.

Bikard, D. et al. (2013, e-pub. Jun. 12, 2013). “Programmable
Repression and Activation of Bacterial Gene Expression Using an
Engineered CRISPR-Cas System,” Nucleic Acids Research
41(15):7429-7437.

Bikard, D. et al. (2017, e-pub. Sep. 6, 2017). “Using CRISPR-Cas
Systems as Antimicrobials,” Current Opinion in Microbiology
37:155-160.

Bikard, D. et al. (Aug. 16, 2012). “CRISPR Interference Can
Prevent Natural Transformation and Virulence Acquisition during In
Vivo Bacterial Infection,” Cell Host & Microbe 12(2):177-186.
Bikard, D. et al. (Nov. 2014). “Development of Sequence-Specific
Antimicrobials Based on Programmable CRISPR-Cas Nucleases,”
Nature Biotechnology 32(11):1146-1151, 16 pages.

Broaders, E. et al. (Jul./Aug. 2013). “Mobile Genetic Elements of
the Human Gastrointestinal Tract,” Gut Microbes 4(4):271-280.
Brouns, S.J.J. et al. (Aug. 15, 2008). Supplemental Material for
“Small CRISPR RNAs Guide Antiviral Defense in Prokaryotes,”
Science 321:960-964.

Brouns, S.J.J. et al. (Aug. 15, 2008).“Small CRISPR RNAs Guide
Antiviral Defense in Prokaryotes,” Science 321:960-964.

Bryksin, A. V. et al. (Oct. 8, 2010). “Rational Design of a Plasmid
Origin That Replicates Efficiently in Both Gram-Positive and Gram
Negative Bacteria,” PloS One 5(10):e13244, 9 pages.
Bugrysheva, J.V. et al. (Jul. 2011, E-Pub. Apr. 29, 2011). “The
Histone-Like Protein Hlp is Essential for Growth of Streptococcus
pyogenes: Comparison of Genetic Approaches to Study Essential
Genes,” Appl. Environ. Microbiol. 77(13):4422-4428.

Chan, B.K. et al. (2013). “Phage Cocktails and the Future of Phage
Therapy,” Future Microbiol. 8(6):769-783.

Chan, C.T.Y. et al. (Dec. 2015). “‘Deadman’ and ‘Passcode’ Micro-
bial Kill Switches for Bacterial Containment,” Nat. Chem. Biol.
12(2):82-86.

Chasteen, L. et al. (2006, e-pub. Nov. 6, 2006). “Eliminating Helper
Phage From Phage Display,” Nucleic Acids Research 34(21):¢145,
11 pages.

Cheadle, E.J. et al. (2012). “Chimeric Antigen Receptors for T-Cell
Based Therapy,” Methods Mol. Biol. 907:645-666, 36 pages.
Christie, G.E. (1990). “Interactions Between Satellite Bacterio-
phage P4 and its Helpers,” Annu. Rev. Genet. 24:465-490.
Christie, G.E. (2012, e-pub. Nov. 3, 2012). “Pirates of the Caudovirales,”
Virology 434:210-221.

Citorik, R.J. et al. (Nov. 2014, e-pub Sep. 21, 2014). “Sequence-
Specific Antimicrobials Using Efficiently Delivered RNA-Guided
Nucleases,” Nat. Biotechnol. 32(11):1141-1145, 18 pages.
Cochrane, K. et al. (2016, e-pub. Nov. 3, 2015). “Complete Genome
Sequences and Analysis of the Fusobacterium nucleatum Subspe-
cies animalis 7-1 Bacteripophage ¢funul and ¢pfunu2,” Anaerobe
38:125-129. Abstract Only.



US 11,578,333 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Coyne, M.J. et al. (2014). “Evidence of Extensive DNA Transfer
between Bacteroidales Species Within the Human Gut,” mBio
5(3):e01305-14, 12 pages.

De Filippo, C. et al. (Aug. 33 2010). “Impact of Diet in Shaping Gut
Microbiota Revealed by a Comparative Study in Children From
Europe and Rural Africa,” Proc. Natl. Acad. Sci. USA 107(33):14691 -
14696, 6 pages.

De Paepe, M. et al. (Mar. 28, 2014). “Bacteriophages: An Under-
estimated Role in Human and Animal Health?” Frontiers in Cellular
and Infection Microbiology 4(39):1-11.

Decks, E.D. (2014, e-pub. Jul. 15, 2014). “Nivolumab: A Review of
its Use in Patients With Malignant Melanoma,” Drugs 74:1233-
1239.

Deghorain, M. et al. (Nov. 23, 2012). “The Staphylococci Phages
Family: An Overview,” Viruses 4:3316-3335.

Dickson, R.P. et al. (Jan./Feb. 2017). “Bacterial Topography of the
Healthy Human Lower Respiratory Tract,” American Society for
Microbiology 8(1):€02287-6, 12 pages.

Diez-Villasenor, C. et al. (May 2013). “CRISPR-Spacer Integration
Reporter Plasmids Reveal Distinct Genuine Acquisition Specifici-
ties Among CROSPR-Cas 1-E Variants of Escherichia coli,” RNA
Biology 10(5):792-802.

Dutilh, B.E. et al. (Jul. 24, 2014). “A Highly Abundant Bacterio-
phage Discovered in the Unknown Sequences of Human Faecal
Metagenomes,” Nature Communications 5(4498):1-10.

Edgar et al. (Dec. 2010). “The Escherichia coli CRISPR System
Protects From A Lysogenization, Lysogens, and Prophage Induc-
tion,” Journal of Bacteriology 192(23):6291-6294.

Ex Parte Re-Exam, mailed Dec. 10, 2018, for U.S. Appl. No.
90/014,184, filed Aug. 10, 2018, for U.S. Patent Reexamination
9,701,964 102 pages.

Extended European Search Report, dated Mar. 6, 2020, for Euro-
pean Patent Application No. 190202999.99, 10 pages.

Extended European Search Report, dated May 10, 2021, for Euro-
pean Patent Application No. 20217137.7, 5 pages.

Final Office Action, dated May 29, 2020, for U.S. Appl. No.
16/201,736, filed Nov. 27, 2018, 10 pages.

Foca, A. et al. (2015, e-pub. Apr. 7, 2015). Gut Inflammation and
Immunity: What is the Role of the Human Gut Virome? Mediators
of Inflammation 2015(326032):1-7.

Galperin, M.Y. (Dec. 2013). “Genome Diversity of Spore-Forming
Firmicutes,” Microbiology Spectrum 1(2): TBS-0015-2012, 27 pages.
Garon, E.B. etal. (Oct. 2015). “Current Perspectives in Immunotherapy
for Non-Small Cell Lung Cancer,” Seminars in Oncology 42(5
Supp. 2):S11-S18.

Garrett W.S. et al. (Oct. 5, 2007). “Communicable Ulcerative Colitis
Induced by T-Bet Deficiency in the Innate Immune System,” Cell
131(1):33-45, 23 pages.

Golubovskaya, V. et al. (Mar. 15, 2016). “Different Subsets of T
Cells, Memory, Effector Functions, and CAR-T Immunotherapy,”
Cancers 8(36), 12 pages.

Gomaa et al. (Jan. 28, 2014). “Programmable Removal of Bacterial
Strains by Use of Genome-Targeting CRISPR-Cas Systems,” mBio,
5(1):000928-13.

Gomaa, A.A. et al. (Jan./Feb. 2014). Supplemental Material to
“Programmable Removal of Bacterial Strains by Use of GenomeTarget-
ing CRISPR-Cas Systems,” American Society for Microbiology
5(1):1-9.

Gudbergsdottir, S. et al. (2011, e-pub. Nov. 18, 2010). “Dynamic
Properties of the Sulfolobus CRISPR/Cas and CRISPR/Cmr Sys-
tems When Challenged With Vector-Borne Viral and Plasmid Genes
and Protospacers,” Molecular Microbiology 79(1):35-49.

Guedan, S. et al. (Aug. 14, 2014). “ICOS-Based Chimeric Antigen
Receptors Program Bipolar TH17/TH1 Cells,” Blood 124(7):1070-
1080.

Hargreaves, K.R. et al. (Aug. 26, 2014). “Abundant and Diverse
Clustered Regularly Interspaced Short Palindromic Repeat Spacers
in Clostridium difficile Strains and Prophages Target Multiple Phage
Types within This Pathogen,” mBio 5(5):e01045-13.

Harrington, L.E. (Nov. 2005, e-pub. Oct. 2, 2005). “Interleukin
17-producing CD4+ Effector T Cells Develop Via a Lineage Dis-
tinct From The T Helper Type 1 and 2 Lineages,” Nat. Immunol.
6(11):1123-1132.

Hooper, L.V. et al. (Jun. 8, 2012). “Interactions Between the
Microbiota and the Immune System,” Science 336 (6086):1268-
1273, 16 pages.

Horvath, P. et al. (2008, e-pub. Dec. 7, 2007). “Diversity, Activity,
and Evolution of CRISPR Loci in Streptococcus thermophiles,”
Journal of Bacteriology 190(4):1401-1412.

Huddleston, J.R. (Jun. 20, 2014). “Horizontal Gene Transfer in the
Human Gastrointestinal Tract: Potential Spread of Antibiotic Resis-
tance Genes,” Infection and Drug Resistance 7:167-176.
International Search Report and the Written Opinion of the Inter-
national Searching Authority for PCT/EP2018/066954, dated Oct.
23, 2018, filed Jun. 25, 2018, 14 pages.

International Search Report for PCT/EP2016/059803, dated Jun. 30,
2016, filed May 3, 2016, 6 pages.

International Search Report for PCT/EP2018/082053, dated Mar.
14, 2019, filed Nov. 21, 2018, 9 pages.

International Search Report for PCT/EP2019/077760, dated Mar. 6,
2020, filed Oct. 14, 2019, 15 pages.

Ivanov, LI. et al. (May 2010). “Segmented Filamentous Bacteria
Take the Stage,” Muscosal Immunol. 3(3):209-212, 7 pages.
Jiang, W. et al. (Nov. 2013). “Demonstration of CRISPR/Cas9/
sgRNA-Mediated Targeted Gene Modification in Arabidopsis, Tobacco,
Sorghum and Rice,” Nucleic Acids Research 41(20):e188, 12 pages.
Jin, Y. et al. (2019, e-pub. Apr. 23, 2019). “The Diversity of Gut
Microbiome is Associated With Favorable Responses to Anti-
Programmed Death | Immunotherapy in Chinese Patients With
NSCLC,” Journal of Thoracic Oncology 14(8):1378-1389.

Jinek et al. (Aug. 17, 2012). “A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive Bacterial Immunity,” Science
337(6096):816-821.

Kanhere, A. et al. (2005). Structural Properties of Promoters:
Similarities and Differences Between Prokaryotes and Eukaryotes
Nucleic Acids Research 33(10):3165-3175.

Khoja, L. etal. (2015). “Pembrolizumab,” Journal for ImmunoTherapy
of Cancer 3(36):1-13.

Kim, J.-S. (2016). “CRISPR/Cas9-Mediated Re-Sensitization of
Antibiotic-Resistant Escherichia coli Harboring Extended-
Spectrum p-Lactamases,” Microbiol. Biotechnol. 26(2):394-401.
Kochenderfer, J.N. et al. (Sep. 2009). “Construction and Pre-clinical
Evaluation of an Anti-CD19 Chimeric Antigen Receptor,” J.
Immunother. 32(7):689-702, 26 pages.

Kosiewicz, M.M. et al. (2014, e-pub. Mar. 26, 2014). “Relationship
Between Gut Microbiota and Development of T Cell Associated
Disease,” FEBS Lett. 588:4195-4206.

Krom, R.J. etal. (Jul. 5,2015). “Engineered Phagemids for Nonlytic,
Targeted Antibacterial Therapies,” Nano Letters 15(7):4808-4813.
Lim, H.N. et al. (Jun. 28, 2011, e-pub. Jun. 13, 2011). “Fundamental
Relationship Between Operon Organization and Gene Expression,”
PNAS 108(26):10626-10631.

Lopez-Sanchez, M.-J. et al. (2012, e-pub. Jul. 27, 2012). “The
Highly Dynamic CRISPR1 System of Streptococcus agalactiae
Controls the Diversity of its Mobilome,” Molecular Microbiology
85(6):1057-1071.

Ludwig, W. et al. (1985). “The Phylogenetic Position of Strepto-
coccus and Enterococcus,” Journal of General Microbiology 131:543-
S51.

Luo, M.L. et al. (2015, e-pub. Oct. 17, 2014). “Repurposing
Endogenous Type I CRISPR-Cas Systems for Programmable Gene
Repression,” Nucleic Acids Research 43(1):674-681.

Lutz, R. et al. (1997). “Independent and Tight Regulation of
Transcriptional Units in Escherichia coli Via the LacR/O, the
TetR/O and AraC/11-12 Regulatory elements,” Nucleic Acids Research
25(6):1203-1210.

Lépez, P. et al. (Apr. 5, 2016). “Th17 Responses and Natural IgM
Antibodies are Related to Gut Microbiota Composition in Systemic
Lupus Erythematosus Patients,” Sci. Rep. 6:24072, 12 pages.
Magee, M.S. et al. (Nov. 2014). “Challenges to Chimeric Antigen
Receptor (CAR)-T Cell Therapy for Cancer,” Discov. Med. 18(100):265-
271, 6 pages.



US 11,578,333 B2
Page 5

(56) References Cited
OTHER PUBLICATIONS

Mahoney, K.M. et al. (2015). “The Next Immune-Checkpoint
Inhibitors: PD-1/PD-L1 Blockade in Melanoma,” Clinical Thera-
peutics 37(4):764-782.

Maikova, A. et al. (Jul. 31, 2018), “New Insights Into Functions and
Possible Applications of Clostridium difficile CRISPR-Cas Sys-
tem,” Frontiers in Microbiology 9(1740):1-8.

Majsec, K. et al. (2016). “Cas3 is a Limiting Factor for CRISPR-Cas
Immunity in Escherichia coli Cells Lacking H-NS,” BMC Micro-
biology 16:28, 9 pages.

Makarova, J.S. et al. (Nov. 2015, e-pub. Sep. 28, 2015). “An
Updated Evolutionary Classification of CRISPR-Cas Systems,”
Nature Rev. Microbiol. 13:722-736.

Makarova, K.S. et al. (2015). “Annotation and Classification of
CRISPR-Cas Systems,” Methods Mol. Biol. 1311:47-75, 27 pages.
Makarova, K.S. et al. (Feb. 27, 2017). “Snapshot: Class 1 CRISPR-
Cas Systems,” Cell 168(5):946, 2 pages.

Mancha-Agresti, P. et al. (Mar. 2017). “A New Broad Range
Plasmid for DNA Delivery in Fukaryotic Cells Using Lactic Acid
Bacteria: In Vitro and In Vivo Assays,” Molecular Therapy: Meth-
ods & Clinical Development 4:83-91.

Manica, A. et al. (2011, e-pub. Mar. 8, 2011). “In vivo Activity of
CRISPR-Mediated Virus Defence in a Hyperthermophilic Archaeon,”
Molecular Microbiology 80(2):481-491.

Marraffini, L.A. et al. (Dec. 19, 2008). “CRISPR Interference Limits
Horizontal Gene Transfer in Staphylococci by Targeting DNA,”
Science 322(5909):1843-1845, 12 pages.

Mayo Clinic (2019). “Pulmonary Embolism,” retrieved from https://
www.nnayoclinic.org/diseases-conditions/pulnnonary-ennbolisnn/
synnptonns-causes/syc-20354647, last visited Aug. 5,2019, 8 pages.
Mayo Clinic (2020). “Infectious Diseases,” retrieved from https://
www.nnayoclinic.org/diseases-conditions/infectious-diseases/diagnosis-
treatnnent/drc-20351179, last visited Jan. 17, 2020, 5 pages.
Mayo Clinic (2020). “Malaria,” retrieved from https://www.
nnayoclinic.org/diseases-conditions/nnalaria/diagnosis-treatnnent/
drc-20351190, last visited Jan. 17, 2020, 3 pages.

Mayo Clinic (2020). “Sexually Transmitted Diseases (STDs),”
retrieved from https://www.nnayoclinic.org/diseases-conditions/
sexually-transnnitted-diseases-stds/diagnosis-treatnnent/drc-
20351246, last visited Jan. 17, 2020, S pages.

Medina-Aparicio, L. et al. (May 2011, e-pub. Mar. 11, 2011). “The
CRI SPR/Cas Immune System is an Operon Regulated by LeuO,
H-NS, and Leucine-Responsive Regulatory Protein in Sa/monella
enterica Serovar Typhi,” Journal of Bacteriology 193(10):2396-
2407.

Mercenier, A. (1990). “Molecular Genetics of Streptococcus
thermophiles,” FEMS Microbiology Letters 87(1-2):61-77.

Mick, E. et al. (May 2013). “Holding a Grudge: Persisting Anti-
Phage CRISPR Immunity in Multiple Human Gut Microbiomes,”
RNA Biology 10(5):900-906.

Mills, S. et al. (Jan./Feb. 2013). “Movers and Shakers: Influence of
Bacteriophages in Shaping the Mammalian Gut Microbiota,” Gut
Microbes 4(1):4-16.

Moon, B.Y. et al. (Mar. 8, 2016). “Mobilization of Genomic Islands
of Staphylococcus aureus by Temperate Bacteriophage,” PLOS One
11(3):e0151409, 16 pages.

Mutalik, V.K. et al. (Apr. 2013, e-pub. Mar. 10, 2013) “Precise and
Reliable Gene Expression Via Standard Transcription and Transla-
tion Initiation Elements,” Nat. Methods 10(4):354-360.

Nakade, S. et al. (2017, e-pub. Jan. 31, 2017). “Cas9, Cpfl and
C2¢1/2/3—What’s Next?” Bioengineered 8(3):265-273.
Nakamura, S. et al. (Nov. 2008). “Metagenomic Diagnosis of
Bacterial Infections,” Emerging Infectious Diseases 14(11):1784-
1786.

Nale, J.Y. et al. (2012). “Diverse Temperate Bacteriophage Carriage
in Clostridium Difficile 027 Strains,” PloS One 7(5):e37263, 9
pages.

Navarre, L. et al. (2007). “Silencing of Xenogeneic DNA by
H-NS—Facilitation of Lateral Gene Transfer in Bacteria by a
Defense System That Recognizes Foreign DNA,” Genes & Devel-
opment 21:1456-1471.

Nelson, M.H. etal. (2015). “Harnessing the Microbiome to Enhance
Cancer Immunotherapy,” Journal of Immunology Research 2015: Article
368736, 12 pages.

Non-Final Office Action, dated May 25, 2021, for U.S. Appl. No.
17/166,941, filed Feb. 3, 2021, 17 pages.

Non-Final Office Action, dated Nov. 25, 2019, for U.S. Appl. No.
16/201,736, filed Nov. 27, 2018, 8 pages.

Non-Final Office Action, dated Nov. 30, 2020, for U.S. Appl. No.
16/201,736, filed Nov. 27, 2018, 35 pages.

Norris, J.S. et al. (2000). “Prokaryotic Gene Therapy to Combat
Multidrug Resistant Bacterial Infection,” Gene Therapy 7:723-725.
Novick, R. (May 18, 2018). “Reincarnation of a Staphylococcal
Pathogenicity Island as an antibacterial Drone,” Sth World Congress
on Targeting Infectious Diseases: Targeting Phage & Antibiotic
Resistance: Phage Therapy and Other Innovative Ideas.

Nowak, P. et al. (Nov. 28, 2015). “Gut Microbiota Diversity Predicts
Immune Status in HIV-1 Infection,” AIDS 29(18):2409-2418.
O’Hara, B.J. et al. (Jun. 8, 2017). “A Highly Specific Phage Defense
System is a Conserved Feature of the Vibrio cholera Mobilome,”
PLOS Genetics 13(6):e1006838, 17 pages.

Park, A. (Oct. 18, 2011). “A Surprising Link Between Bacteria and
Colon Cancer,” Cancer retrieved from http://healthlande.time.com/
2011/10/18/a-surprising-link-between-bacteria-and-colon-cancer/, last
visited Aug. 27, 2019, 3 pages.

Park, H. et al. (2005). “A Distinct Lineage of CD4 T Cells Regulates
Tissue Inflammation by Producing Interleukin 17,” Nat. Immunol.
6(11):1133-1141, 24 pages.

Patterson, A.G. et al. (2017, e-pub. Mar. 27, 2017). “Regulation of
CRISPR-Cas Adaptive Immune Systems,” Current Opinion in Micro-
biology 37:1-7.

Pawluk, A. et al. (Apr. 15, 2014). “A New Group of Phage
Anti-CRISPR Genes Inhibits the Type I-E CRISPR-Cas System of
Pseudomonas aeruginosa,” mBio. 5(2):¢00896.

PCT Application No. PCT/EP2018/0071454.(issued by the Office
on Sep. 21, 2004).

Penades, J.R. et al. (Nov. 2015). “The Phage-Inducible Chromo-
somal Islands: A Family of Highly Evolved Molecular Parasites,”
Annual Review of Virology 2:181-201.

Petris, G. et al. (May 22, 2017). “Hit and Go CAS9 Delivered
Through a Lentiviral Based Self-Limiting Circuit,” Mature Com-
munications 8:15334, 9 pages.

Pires, D.P. et al. (Sep. 2016, e-pub. Jun. 1, 2016). “Genetically
Engineered Phages: A Review of Advances Over the Last Decade,”
Microbiology and Molecular Biology Reviews 80(3):523-543.
Pul, U. et al. (2010, e-pub. Feb. 17, 2010). “Identification and
Characterization of E. coli CRISPR-cas Promoters and Their Silenc-
ing by H-NS,” Molecular Microbiology 75(6):1495-1512.

Ram, G. et al. (Oct. 2, 2012). “Staphylococcal Pathogenicity Island
Interference With Helper Phage Reproduction is a Paradigm of
Molecular Parasitism,” Proc. Natl. Acad. Sci. USA 109(40):16300-
16305.

Ramalingam, S.S. et al. (2014). “LB2-Metastatic Non-Small Cell
Lung Cancer: Phase II Study of Nivolumab (Anti-PD-1, BMS-
936558, ONO-4538) in Patients With Advanced, Refractory Squamous
Non-Small Cell Lung Cancer,” International Journal of Radiation
Oncology Biology Physics Late Breaking Abstract (LB2).

Ran, F At al. (Apr. 9, 2015). “In Vivo Genome Editing Using
Staphylococcus aureus Cas9,” Nature 570(7546):186-191, 28 pages.
Rashid, T. et al. (2013). “The Role of Klebsiella in Crohn’s Disease
With a Potential for the Use of Antimicrobial Measures,” Interna-
tional Journal of Rheumatology 2013(Article ID 610393):1-9.
Request for Ex Parte Reexamination mailed Aug. 10, 2018, for U.S.
Appl. No. 15/160,405, now U.S. Pat. No. 9,701,964, 42 pages.
Request for Ex Parte Reexamination mailed Nov. 1, 2018, for U.S.
Appl. No. 15/160,405, now U.S. Pat. No. 9,701,964, 35 pages.
RFP Reporter, https://parts.igem.org/Part:BBa_J61022 lasted vis-
ited Nov. 29, 2018, 1 page.



US 11,578,333 B2
Page 6

(56) References Cited
OTHER PUBLICATIONS

Richter, C. et al. (2012, e-pub. Oct. 19, 2012). “Function and
Regulation of Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) / CRISPR Associated (Cas) Systems,” Viruses
4(12):2291-2311.

Ridaura, VK. et al. (Sep. 6, 2013). “Cultured Gut Microbiota From
Twins Discordant for Obesity Modulate Adiposity and Metabolic
Phenotypes in Mice,” Science 341(6150):1241214, 22 pages.
Roberts, A.P. et al. (Jun. 2009, e-pub. May 20, 2009). “A Modular
Master on the Move: The Tn916 Family of Mobile Genetic Ele-
ments,” Trends Microbiol. 17(6):251-258. Abstract Only.

Ryan, O.W. et al. (2014). “Multiplex Engineering of Industrial Yeast
Genomes Using CRISPRm,” Methods in Enzymology 546:473-
489.

Samarzija, D. et al. (2001). “Taxonomy, Physiology and Growth of
Lactococcus Lactis: A Review,” Mljekarstvo 51(1):35-48.
Sapranauskas, R. et al. (Nov. 1, 2011, e-pub. Aug. 3, 2011). “The
Streptococcus thermophilus CRISPR/Cas System Provides Immu-
nity in Escherichia coli,” Nucleic Acids Research 39(21):9275-
9282.

Seed, K.D. et al. (Feb. 27, 2013). “A Bacteriophage Encodes its
Own CRISPR/Cas Adaptive Response to Evade Host Innate Immu-
nity,” Nature 494(7438):489-491.

Selle, K. et al. (Apr. 1, 2015). “Harnessing CRISPR-Cas Systems
for Bacterial Genome Editing,” Trends in Microbiology 23(4):225-
232.

Sepsis Alliance. (Dec. 14, 2017). “What are Vaccines,” Retrieved
from https://www.sepsis.org/sepsisand/prevention-vaccinations/; last
visited Jul. 8, 2019, 3 pages.

Sepsis Alliance. (Jul. 8, 2019). “Prevention,” Retrieved from https://
www.sepsis.org/sepsisand/prevention/; accessed last visited Jul. 8,
2019, 5 pages.

Shoemaker, N.B. et al. (Feb. 2001). “Evidence for Extensive
Resistance Gene Transfer Among Bacteroides spp. and Among
Bacteroides and Other Genera in the Human Colon,” Appl. Environ.
Microbiol. 67(2):561-68.

Sivan, A. et al. (Nov. 27, 2015, e-pub Nov. 5, 2015). “Commensal
Bifidobacterium Promotes Antitumor Immunity and Facilitates Anti-
PD-L1 Efficacy,” Science 350(6264):1084-1089, 13 pages.
Somkuti, G. A. et al. (Apr. 1988). “Genetic Transformation of
Streptococcus thermophilus by Electroporation,” Biochimie 70(4):579-
585. Abstract Only.

Sorg, R. A. et al. (2014). “Gene Expression Platform for Synthetic
Biology in the Human Pathogen Streprococcus pneumoniae,” ACS
Synthetic Biology 4(3):228-239. Abstract Only.

Soutourina, O.A. et al. (May 9, 2013). “Genome-Wide Identification
of Regulatory RNAs in the Human Pathogen Clostridium difficile,”
PLos Genet. 9(5):¢1003493, 20 pages.

Stern, A. et al. (2012). “CRISPR Targeting Reveals a Reservoir of
Common Phages Associated With the Human Gut Microbiome,”
Genome Research 22(10):1985-1994.

Stern, A. et al. (Aug. 2010), Self-Targeting by CRISPR: Gene
Regulation or Autoimmunity? Trends Genet. 26(8):335-340, 10
pages.

Stiefel, U. et al. (Aug. 2014, e-pub. May 27, 2014). “Gastrointes-
tinal Colonization With a Cephalosporinase-Producing Bacteroides
Species Preserves Colonization Resistance Against Vancomycin-
Resistant Enterococcus and Clostridium Difficile in Cephalosporin-
Treated Mice,” Antimicrob. Agents Chemother. 58(8):4535-4542.
Stoebel, D.M. et al. (2008). “Anti-Silencing: Overcoming H-NS-
Mediated Repression of Transcription in Gramnegative Enteric
Bacteria,” Microbiology 154:2533-2545.

Suvorov, A. (1988). “Transformation of Group A Streptococci by
Electroporation,” FEMS Microbiology Letters 56(1):95-100.
Takaishi, H. et al. (2008). “Imbalance in Intestinal Microflora
Constitution Could be Involved in the Pathogenesis of Inflammatory
Bowel Disease,” Int. J. Med. Microbiol.298:463-472.

Tan, J. (Dec. 17, 2015). “Immunotherapy Meets Microbiota,” Cell
163:1561.

Topalian, S.L. et al. (Jun. 28, 2012). “Safety, Activity, and Immune
Correlates of Anti-PD-1 Antibody in Cancer,” N. Engl. J. Med
366(26):2443-2454, 19 pages.

Tormo et al. (Apr. 2008). “Staphylococcus aureus Pathogenicity
Island DNA is Packaged in Particles Composed of Phage Proteins,”
Journal of Bacteriology 190(7):2434-2440.

Turnbaugh, PJ. et al. (Dec. 2006). “An Obesity-Associated Gut
Microbiome With Increased Capacity for Energy Harvest,” Nature
444:1027-1131.

U.S. Appl. No. 62/168,355, filed May 29, 2015, Barrangou, R. et al.
U.S. Appl. No. 62/296,853, filed Feb. 18, 2016, Barrangou, R. et al.
Uchiyama, J. et al. (2013, e-pub. Mar. 8, 2013). “Characterization
of Helicobacter pylori Bacteriophage KHP30,” Applied and Envi-
ronmental Microbiology 79(10):3176-3184.

Veeranagouda, Y. et al. (Jun. 4, 2014). “Identification of Genes
Required for the Survival of B. fragilis Using Massive Parallel
Sequencing of a Saturated Transposon Mutant Library,” BMC
Genomics 15:429, 11 pages.

Vercoe, R.B. et al. (Apr. 18, 2013). “Cytotoxic Chromosomal
Targeting by CRISPR/Cas Systems Can Reshape Bacterial Genomes
and Expel or Remodel Pathogenicity Islands,” PLOS Genetics
9(4):21003454, 13 pages.

Villarino, N.F. et al. (Feb. 23, 2016, e-pub. Feb. 8, 2016). “Com-
position of the Gut Microbiota Modulates the Severity of Malaria,”
Proc. Natl. Acad. Sci. USA 113(8):2235-2240.

Vétizou, M. et al. (Nov. 27, 2015, e-pub Nov. 5, 2015). “Anticancer
Immunotherapy by CTLA-4 Blockade Relies on the Gut Microbiota,”
Science 350(6264):1079-1084, 13 pages.

Walters, W.A. et al. (Nov. 17, 2014). “Meta-Analyses of Human Gut
Microbes Associated With Obesity and IBD,” FEBS Letters
588(22):4223-4233, 34 pages.

Wegmann, U. et al. (Apr. 2007). “Complete Genome Sequence of
the Prototype Lactic Acid Bacterium Lactococcus lactis Subsp.
cremoris MG1363,” Journal of Bacteriology 189(8):3256-3270.
Wei, Y. etal. (2015, e-pub. Jan. 14, 2015). “Sequences Spanning the
Leader-Repeat Junction Mediate CRISPR Adaptation to Phage in
Streptococcus thermophiles,” Nucleic Acids Research 43(3):1749-
1758.

Westra, E.R. et al. (Sep. 1, 2010, e-pub. Aug. 18, 2010). “H-NS-
Mediated Repression of CRISPR-Based Immunity in Escherichia
coli K12 Can be Relieved by the Transcription Activator LeuO,”
Molecular Microbiology 77(6):1380-1393.

Westwater, C. et al. (Apr. 2003). “Use of Genetically Engineered
Phage to Deliver Antimicrobial Agents to Bacteria: An Alternative
Therapy for Treatment of Bacterial Infections,” Antimicrobial Agents
and Chemotherapy 47(4):1301-1307.

Wexler, HM. (Oct. 2007). “Bacteroides: the Good, the Bad, and the
Nitty-Gritty,” Clinical Microbiology Reviews 20(4):593-621.
Written Opinion for PCT Application No. PCT/EP2016/059803,
dated Jun. 30, 2016, filed May 3, 2016, 6 pages.

Written Opinion for PCT/EP2018/082053, dated Mar. 14, 2019,
filed Nov. 21, 2018, 6 pages.

Xie, Z. et al. (Oct. 2013, e-pub. Aug. 9, 2013). “Development of a
Tunable Wide-Range Gene Induction System Useful for the Study
of Streptococcal Toxin-Antitoxin Systems,” Applied and Environ-
mental Microbiology 79(20):6375-6384.

Yang, C.-D. et al. (2014, e-pub. May 2, 2014). “CRP Represses the
CRISPR/Cas System in Escherichia coli: Evidence That Endog-
enous CRISPR Spacers Impede Phage Pl Replication,” Molecular
Microbiology 92(5):1072-1091.

Yang, Y. et al. (Jun. 5, 2014, e-pub. Apr. 13, 2014). “Focused
Specificity of Intestinal Th17 Cells Towards Commensal Bacterial
Antigens,” Nature 510(7503):152-156, 29 pages.

Yosef, I. et al. (2011). “High-Temperature Protein G is Essential for
Activity of the Escherichia coli Clustered Regularly Interspaced
Palindromic Repeats (CRISPR)/Cas System,” Proc. Natl. Acad. Sci.
USA 108(50):20136-20141.

Zhang, J. et la. (2019, e-pub. Jul. 30, 2019). “Drug Inducible
CRISPR/Cas Systems,” Computational and Structural Biotechnol-
ogy Journal 17:1171-1177.

Zhang, X.Z. (2011). “Simple, Fast and High-Efficiency Transfor-
mation System for Directed Evolution of Cellulase in Bacillus
Subtilis,” Microbial Biotechnology 4(1):98-105.



US 11,578,333 B2
Page 7

(56) References Cited
OTHER PUBLICATIONS

Ziermann, R. et al. (1990). “Characterization of the cos Sites of
Bacteriophages P2 and P4,” Gene 96:9-15.

Zitvogel, L. et al. (Jan. 2015), “Cancer and the Gut Microbiota: An
Unexpected Link,” Sci. Transl. Med. 7(271):271ps1, 10 pages.
Chen, S. et al. (Feb. 2007, e-pub. Dec. 22, 2006). “Characterization
of Strong Promoters From an Environmental Flavobacterium himernum
Strain by Using a Green Fluorescent Protein-based Reporter Sys-
tem,” Applied and Environmental Microbiology 73(4):1089-1100.
Final Office Action, dated Sep. 28, 2021, for U.S. Appl. No.
17/166,941, filed Feb. 3, 2021, 22 pages.

Ungerer, J. et al. (Dec. 21, 2016). “Cpfl is a Versatile Tool For
CRISPR Genome Editing Across Diverse Species of Cyanobacte-
ria,” Scientific Reports 6:39681, 9 pages.

Wendt, K.E. et al. (2016). “CRISPR/Cas9 Mediated Targeted
Mutagenesis of the Fast Growing Cyanobacterium Synechococcus
elongates UTEX 2973, Microbial Cell Factories 15:115, 8 pages.
Leon, L.M. et al. (Apr. 2018). “How Bacteria Control the CRISPR-
Cas Arsenal,” Current Opinion in Microbiology 42:87-95, 17 pages.
U.S. Appl. No. 17/105,392, Clube et al., filed Nov. 25, 2020.

* cited by examiner



U.S.

Patent Feb. 14, 2023 Sheet 1 of 6 US 11,578,333 B2
A b#r>§
.;8;\{}
P F - ovoromecnsen Plasmid 1
o kit i i
pSC101
[ois}
PTG
;Tac
"E ,. Piasmid 2
clolIF 13
i
FIG. 1A
Ditution

Non-induced

induced

1074

oo

<2
T
X

3
1

£ cofiMG1658-pks (fog,, CFUImE

nduced

FIG. 1C



U.S. Patent Feb. 14, 2023 Sheet 2 of 6 US 11,578,333 B2

PTG Ara.-bfms\ee
~ ~,

‘;;Tac ;&8;\ £
. e

FiG. 2A

Oilution 0 1 2z 3 4 5

Non~induced

induced

FIG. 2B

4 QS;«
108
4 0?..
4 06;«

4 95’“

4 04..

E. coli MG1655-pks (log,, CFUfmi)

FiG. 2C



U.S. Patent Feb. 14, 2023 Sheet 3 of 6 US 11,578,333 B2

16% )
medpeecens NN LICET

4108 - ege=e  {Nduced

107 4%

108 “,

105“ mmmmmmm ©

104 ¥ (]

E. coli MG1655-pks (iog,, CFU/mI)

Time {min}

FiG, 3A

Dilution O 1 2 3 4 5 &

.




US 11,578,333 B2

U.S. Patent Feb. 14, 2023 Sheet 4 of 6
= 10% .
= ‘ ™ Time zemo
§ 408 : Non-inducsed
2 @ Induced
§ 107
@
5
D 408
(& ]
@
@ s
cot

FIG. 4A

Chiloramphenicn

Streptonvwcin Ampiciflin
{MG1655) {Yopit) {MNZ3800 )

FIG. 4B



U.S. Patent Feb. 14, 2023 Sheet 5 of 6 US 11,578,333 B2

T 10% _
= #E Non-induced
b S N
¢ 10 M induced
o
g 107-
(el
o 108-
-
3
= 105
3
uj 1@‘1 P A oo
FPure culture Synthetic community
FIG. 5A
Difgion £ 4 ] 8 5 4 3 2

nduoe | \ N g N TV¥§§§§§§§§§ N\
induced : . L 3 | Aﬁ&&\\\\

RS

Pure culture Synihetic community

Mon-induced

FiG. 38



U.S. Patent Feb. 14, 2023 Sheet 6 of 6 US 11,578,333 B2

Gitution ¥ 1 2 3 4 5

L
- e

L

Non-indiuced

induced

FIG. 6A

ot
g,

ke

L

o]

P

& 5
e “

o
&
oy

E Wk
&

¥

EX3

353

e 1LOP0E 4
Jeae

2

b rick
g

FiG. 6B



US 11,578,333 B2

1
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, filed Oct. 27, 2018, the contents of each of which
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: 786212000602SEQLIST.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 CRISPR/Cas systems. For example, reference is

made to WO02017/118598, US20180140698,
US20170246221, US20180273940, US20160115488,
US20180179547, US20170175142, US20160024510,
US20150064138,  US20170022499, US20160345578,
US20180155729,  US20180200342, W02017112620,
W02018081502, PCT/EP2018/066954, PCT/EP2018/

066980, PCT/EP2018/071454 and U.S. Ser. No. 15/985,658
and equivalent publications by the US Patent and Trademark
Office (USPTO) or WIPO, the disclosures of which are
incorporated herein by reference.

SUMMARY OF THE INVENTION

The invention provides the following configurations.

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.
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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-
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.

In a Second Configuration

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

(a) Providing production strain cells, each cell comprising

a copy of said DNA, wherein each DNA comprises a
nucleotide sequence encoding said Cas, wherein the
nucleotide sequence is under the control of a promoter
for controlling the expression of the Cas in the 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,

Optionally wherein the promoter is an attenuated consti-

tutive promoter.

In a Third 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 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-
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 toxicity of the Cas in the production
strain.

In a Fifth 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 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-
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 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 Configuration

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

In a Tenth Configuration

A method for reducing mutation of a DNA construct
encoding a functional Cas protein (optionally a Cas nucle-
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. 1A-1C. Type 1 CRISPR-Cas system of C. difficile
targeting E. coli MG1655. (FIG. 1A) Layout of the CRISPR
Guided Vector™, CGV™. Plasmid 1: pSC101 ori, pPBAD
promoter (induced by arabinose), cas3 and cascade genes.
Plasmid 2: pCloDF13 or pTac promoter (induced by IPTG),
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CRISPR array. (FIG. 1B) Dilution series (10'-10°) of drop
spots (5 wl) of E. coli M(GG1655 harboring the CGV on LB
agar plates with and without inducers. (FIG. 1C) CRISPR
induction killed 99.9% of the population (grey bar). Growth
in absence of induction is shown in black. CGV™ refers to
a CRISPR Guided Vector™, which is a nucleic acid vector
comprising nucleotide sequences encoding CRISPR/Cas
components.

FIGS. 2A-2C. Type I CRISPR-Cas system of C. difficile
targeting E. coli MG1655. (FIG. 2A) Layout of the CRISPR
Guided Vector™, CGV™., pSC101 or pTac promoter (in-
duced by IPTG), CRISPR array, pBAD promoter (induced
by arabinose), cas3 and cascade genes. (FIG. 2B) Dilution
series (10'-10°%) of drop spots (5 ul) of E. coli 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. CGV™ refers to a CRISPR Guided Vec-
tor™, which is a nucleic acid vector comprising nucleotide
sequences encoding CRISPR/Cas components.

FIGS. 3A-3B. Time-kill curves for E. coli MG1655
harboring the CGV. (FIG. 3A) CRISPR induction killed
99% of the population in 60 minutes (dashed line). Growth
in absence of induction is shown in black lines. CRISPR/Cas
was induced at time-point 0 and monitored until 120 min-
utes. (FIG. 3B) Dilution series (10*-10%) of drop spots (5 ul)
on SM agar plates of £. coli MG1655 after 60 minutes of
induction.

FIGS. 4A-4B. Specific killing of E. coli MG1655 with
type I-B CRISPR-Cas system of C. difficile 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
minutes. Growth in absence of induction is shown in black.
CRISPR induction prompted 1-log,, reduction in viable
cells of target strain £. coli MG1655, while leaving E. coli
Top10 and L. /actis NZ9000 populations intact (dark grey
bars). (FIG. 4B) Dilution series (10*-10°%) of drop spots (5 ul)
of the bacterial community mixture after 60 minutes of
induction. E. coli MG1655 grows selectively on BHI+
streptomycin, £. coli ToplO on ampicillin, and L. lactis
NZ9000 on chloramphenicol.

FIGS. 5A-5B. Killing of E. coli MG1655 with type I-B
CRISPR-Cas system of C. difficile in a synthetic microbial
consortium compared to a pure culture of £. coli MG1655.
(FIG. 5A) CRISPR induction generated 4-log,, reductions
in viable cells of target strain . coli MG1655, both in the
pure culture and in the community mixture (grey bars).
Growth in absence of induction is shown in black. (FIG. 5B)
Dilution series of a pure culture of E. coli MG1655 and the
bacterial community mixture on streptomycin plates with
and without inducers.

FIGS. 6A-6B. Type 1 CRISPR-Cas system of E. coli
targeting E. coli MG1655. (FIG. 6A) Dilution series (10'-
10°) of drop spots (5 ul) of E. coli 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.
CGV™ refers to a CRISPR Guided Vector™ which is a
nucleic acid vector comprising nucleotide sequences encod-
ing CRISPR/Cas components.

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, ex vivo or in vitro) for
expressing Type I Cas and optionally other components of a
Type 1 CRISPR/Cas system. Usefully, the vector may in
some examples therefore provide a single-vector means for
introducing a complete exogenous Type I CRISPR/Cas
system into a target cell for modification (eg, cutting by
Cas3) of DNA in the target cell. In an example, a 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 £ coli cell, eg, comprising
a red/ET system. In another example, the target cell is an
undesired cell (eg, a cell of a species or strain that is
pathogenic to humans or animals, such as a bacterial 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 CRISPR/Cas
system is more convenient and the inventors believe more
efficient for introducing into a target cell and effecting
CRISPR/Cas modification of a target sequence therein than
the use of 2 or 3 or more separate vectors (eg, a vector
encoding the Cas nuclease and a different vector encoding
the accessory proteins, and possibly a further vector 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
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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
invention provides means to assist this.

By way of example, the invention thus provides the

following Concepts:—

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

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 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-
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
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 0.5>AS>0.1.

9. The vector of any preceding concept, wherein the first
sequence (and optionally the second sequence) is under
the control of a promoter and translation initiation site
(TIS) combination that is capable of producing expression
of green fluorescent protein (GFP) from a first expression
operating unit (EOU) in E. coli strain BW25113 cells with
a fluorescence of from 0.5 to 4 times the fluorescence
produced in E. coli strain BW25113 cells using a second
EOU comprising a P10 promoter (SEQ ID NO: 1) 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 concept 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 concept, wherein the vector
comprises an origin of replication that is operable in the
host cell.

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 Casl, 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 Casll, 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 Cas8b1, Cas7
and Cas5.

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 IB CRISPR array that is cognate with
the Cas3.

26. The vector of concept 23 or 24, wherein the host cell
comprises an endogenous Type 1A, 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 Cas5, 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 1A, 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,
Cas5 and Caso6.

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.
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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
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas10d, Cas7
and Cas5.

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

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
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.

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, Casl],
Cas7, Cas5 and Cas6.

41. The vector of concept 40, wherein the vector comprises
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.

43. The vector of concept 40 or 41, wherein the host cell
comprises an endogenous Type 1A, 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-
tide sequence encoding one, more or all of Cas8f, Cas5,
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
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
the Cas3.

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

48. The vector of any one of concepts 1 to 17, wherein the
Cas and Cascade are
(a) Type IA Cas and Cascade proteins;

(b) Type IB Cas and Cascade proteins;
(c¢) Type IC Cas and Cascade proteins;
(d) Type ID Cas and Cascade proteins;
(e) Type IE Cas and Cascade proteins;
() 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 £ coli (optionally Type IE or IF) Cas and
Cascade proteins.

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

51. The vector of any preceding concept, wherein the Cas
and Cascade are
(a) Clostridium (eg, C difficile) Cas and Cascade proteins,

optionally C difficile resistant to one or more antibiotics
selected from aminoglycosides, lincomycin, tetracy-
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clines, 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) Klebsiella pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-
Lactamase (ESBL)-producing K preumoniae) Cas and
Cascade proteins.

52. The vector of any preceding concept, wherein the Cas
and Cascade are F coli, C difficile, P aeruginosa, K
preumoniae, P furiosus or B halodurans 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 crtRNAs 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-
ticle 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 difficile, P aeruginosa, K pneumoniae (eg,
carbapenem-resistant  Klebsiella  pneumoniae  or
Extended-Spectrum Beta-Lactamase (ESBL)-producing
K pneumoniae), E coli (eg, ESBL-producing E. coli, or E.
coli ST131-0O25b:H4), H pylori, 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
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
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-
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
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 difficile, P aeruginosa, K pneumoniae (eg, carbape-
nem-resistant Klebsiella pneumoniae or Extended-Spec-
trum Beta-Lactamase (ESBL)-producing K preumoniae),
E coli (eg, ESBL-producing E. coli, or E. coli ST131-
025b:H4), H pylori, S pneumoniae or S aureus cells.

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
copy number plasmid or phagemid comprising a constitutive
promoter for controlling the expression of one or more Cas
proteins when the DNA has been introduced into a target
host bacterial or host cell. It is desirable, according to an
aspect of the invention, to consider attenuating the promoter
activity during amplification of the DNA in the production
strain. This is useful, since the inventors have found that Cas
expression in production strains may be toxic to production
strain cells, thereby reducing the yield of amplified DNA.
Toxicity may be due, for example, to off-target cutting of the
production strain chromosomal DNA when the Cas is a
nuclease (such as Cas9 or Cas3) and/or due to relatively high
levels of expression of the Cas in the cells. Additionally or
alternatively, undesirably the Cas expression or activity may
impose a selective pressure that favours mutation and propa-
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
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
attenuation in production strains is achieved by using a
medium strength (not high or low) promoter to control the
Cas-encoding nucleotide sequence of the DNA constructs. A
medium level of Cas expression may be tolerable in the
production strains, and yet once the DNA is subsequently
introduced into target host cells the Cas is expressed at
sufficiently high levels to produce desired activity to modity
(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-
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
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 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
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
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
(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.

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

12. 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
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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 P;,.,o1, Prieo.1 OF 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 Acl 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. coli strain BW25113 cells with
a fluorescence of from 0.5 to 4 times the fluorescence
produced in E. coli strain BW25113 cells using a second
EOU comprising a P10 promoter (SEQ ID NO: 1) 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
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
the production strain cells comprise a helper phage
genome that is inducible to produce phage coat proteins in
the cells, wherein the method further comprises inducing
production of the phage proteins and causing packaging
of the amplified DNA into phage particles or non-self-
replicative transduction particles, and further isolating the
phage or transduction particles and optionally formulating
the particles into a pharmaceutical composition for
administration to a human or animal subject for treating or
reducing the risk of a disease or condition in the subject.

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
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.

25. The method or use of paragraph 24, wherein the host
cells are bacterial or archaeal cells, optionally, the host
cells are C difficile, P aeruginosa, K preumoniae (eg,
carbapenem-resistant ~ Klebsiella ~ pneumoniae  or
Extended-Spectrum Beta-Lactamase (ESBL)-producing
K preumoniae), E coli (eg, ESBL-producing F. coli, or E.
coli ST131-025b:H4), H pylori, S pneumoniae or S
aureus cells.

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

27. The method or use of any preceding paragraph, wherein
the DNA construct comprises one or more nucleotide
sequences for producing crRNAs or gRNAs that are
operable for Cas nuclease targeting in target host cells.

PARAGRAPHS & GENERALLY APPLICABLE
FEATURES

The invention provides the following Paragraphs, which
are supported by the Examples below. Any features of the
Concepts are combinable with any features of the 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-
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
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
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 ctRNA 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 CRISPR/Cas

locus of a first bacterial or archaeal species, wherein in the

locus the Cas3-encoding sequence is 3' of Cascade protein-
encoding sequences (ie, the latter are between the Cas3 and
the 5'-most promoter of the locus).

Optionally, the Cas3 is a ygeB protein (eg, wherein the
production strain cell and/or host target cell is an E coli).

Optionally, the Cascade proteins comprise or consist of

cas5 (casD, csy2)

cas6 (cas6f, cse3, casE)

cas7 (csc2, csy3, csed, casC)

cas8 (casA, cas8al, cas8bl, cas8c, casl0d, 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
promoter is inducible.

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

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

13. The vector of any one of paragraphs 1 to 7, wherein the
first sequence is under the control of a strong promoter.
In an example, the promoter is in combination with a

Shine-Dalgarno sequence comprising the sequence

S'-aaagaggagaaa-3' (SEQ ID NO: 5) or a ribosome binding

site homologue thereof.

14. The vector of any one of paragraphs 1 to 7, wherein the
first sequence is under the control of a promoter that has
an Anderson Score (AS) of AS>0.5.

See Table 2 for more information on Anderson Scores in
relation to promoters.

15. The vector of any one of paragraphs 1 to 7, wherein the
first sequence is under the control of a promoter that has
an Anderson Score (AS) of 0.5>AS>0.1.

16. The vector of any one of paragraphs 1 to 7, wherein the
first sequence is under the control of a promoter that has
an Anderson Score (AS) of <0.1.

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

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

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

For example, the upstream insulator, the nucleotide
sequence encoding GFP, 3' UTR, transcription terminator
and downstream insulator of each EOU are as disclosed in
Mutalik et al (2013). For example, the upstream insulator,
the nucleotide sequence encoding GFP, 3' UTR, transcrip-
tion terminator and downstream insulator of each EOU are
corresponding sequences of SEQ ID NO: 4. For example,
the E coli is E. coli BW25113 is grown in MOPS EZ Rich
Medium (Teknova) supplemented with 50 ng/ml kanamycin
(kan) at 37° C., shaken at 900 r.p.m. For example, each
EOUs is comprised by a medium copy plasmid, eg, a
plasmid derived from pFAB217 comprising a pl15A 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 £ coli cell. A
production strain cell is a cell that is used to amplify DNA
encoding Cas (and optionally other components of a
CRISPR/Cas system). Usefully, the strain may package the
amplified DNA into transduction particles that are may be
isolated to produce a composition that can be contacted with
a population of target host cells (eg, bacterial, archaeal,
prokaryotic, eukaryotic, human, animal, mammal, rodent,
mouse, rat, rabbit, Xenopus, fish, bird, amphibian, insect,
plant, amoeba or algae cells) wherein the DNA is introduced
into the cells for expression of the Cas (and optional other
CRISPR/Cas system components), wherein the Cas is
guided to a protospacer target sequence in the host cells and
modifies (eg, cuts) the sequence. In another example, the
amplified DNA isolated from a population of production
strain cells and is combined with a delivery vehicle (eg, a
carrier bacterium, nanoparticle or liposome), wherein the
delivery vehicle can be contacted with a population of target
host cells (eg, bacterial, archaeal, prokaryotic, eukaryotic,
human, animal, mammal, rodent, mouse, rat, rabbit, 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 CRISPR/Cas
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
1,2,3,4,5,6,7,89 10, 12 or 24 hour period of culturing

the cells.

22. The vector of paragraph 20, wherein the first sequence
is under the control of a promoter that controls expression
of the Cas3 in the production strain cell such that the cell
is capable of growth and propagation sufficient to produce
at least 1000 copies of the vector.

For example thisisinal, 2,3,4,5 6,7,89 10,12 or
24 hour period of culturing the cells. For example, at least
10%, 10°, 105, 107, 10%, 10°, 10'°, 10, 102, 10'3, 10™,
10*°,10'S, 10'7 or 10'® copies of the vector are produced per
10°, 10%, 10°, 105, 107, 10%, 10°, 10*°, 10", 10'2, 103, 10™4,
10, 10'S, 10" production strain cells respectively.

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

For example, this isina 1,2,3,4,5,6,7,8910, 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.
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Suitable mobile genetic elements, eg, transposons, are
disclosed in W02016177682 and US20170246221, the dis-
closures of which are explicitly incorporated herein for
possible use in the invention and for providing one or more
features for the claims herein.

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

For example, the vector is devoid of nucleotide sequences
encoding a Casl, Cas2 and/or Cas4.

27. The vector of any preceding paragraph, wherein the
vector is devoid of nucleotide sequence encoding one,
more or all of a Casl, Cas2, Cas4, Cas6 (optionally
Cas6f), Cas7 and Cas8 (optionally Cas8f).

28. The vector of any preceding paragraph, wherein the
vector is devoid of a sequence encoding a Cas6 (option-
ally a Cas6f).

29. The vector of any one of paragraphs 1 to 27, wherein the
module encodes a Cas6 (optionally a Cas6f).

30. The vector of any preceding paragraph, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Casll, Cas7
and Cas8al.

31. The vector of paragraph 30, wherein the vector com-
prises nucleotide sequence encoding Cas3' and/or Cas3"
(optionally wherein the nucleotide sequences encoding
the Cas3' and/or Cas3" are between the promoter and the
sequence(s) recited in paragraph 30).

In one embodiment, the vector comprises nucleotide
sequences (in 5'to 3' direction) that encode a Cas3 (eg, Cas3'
and/or Cas3"), Casll, Cas7 and Cas8al. Optionally, a
nucleotide sequence encoding Cas6 is between the Cas3
sequence(s) and the Casl1 sequence. Optionally, the vector
comprises a Type IA CRISPR array or one or more nucleo-
tide 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 modity (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 modity (eg, cut) a target nucleotide sequence in
the host cell, optionally thereby killing the host cell.

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

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

34. The vector of any one of paragraphs 1 to 29, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas8b1, Cas7
and Cas5.

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

sequences (in 5' to 3' direction) that encode a Cas3, Cas8b1,

Cas7 and Cas5. Optionally, a nucleotide sequence encoding

Cas6 is between the Cas3 sequence(s) and the Cas8bl

sequence. Optionally, the vector comprises a Type IB

CRISPR array or one or more nucleotide sequences 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
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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 IB CRISPR array that is cognate with
the Cas3.

37. The vector of paragraph 34 or 35, wherein the host cell
comprises an endogenous Type 1A, C, U, D, E or F
CRISPR/Cas system.

38. The vector of any one of paragraphs 1 to 29, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas5, 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, Cas5,

Cas8c and Cas7. Optionally, a nucleotide sequence encoding

Cas6 is between the Cas3 sequence(s) and the Cas5

sequence. Optionally, the vector comprises a Type IC

CRISPR array or one or more nucleotide sequences encod-

ing single guide RNA(s) (gRNAC(s)), wherein the array and

each gRNA comprises repeat sequence that is cognate with
the Cas3. Thus, the array is operable in a host cell when the
vector has been introduced into the cell for production of
guide RNAs, wherein the guide RNAs are operable with the

Cas and Cascade proteins to target and modify (eg, cut) a

target nucleotide sequence in the host cell, optionally

thereby killing the host cell. Similarly, the single guide

RNAs encoded by the vector in one embodiment are 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.

41. The vector of paragraph 38 or 39, wherein the host cell
comprises an endogenous Type 1A, B, U, D, E or F
CRISPR/Cas system.

42. The vector of any one of paragraphs 1 to 29, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas8U2, Cas7,
Cas5 and Caso6.

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, Cas5 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

25

30

35

40

45

50

55

60

65

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.

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

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

46. The vector of any one of paragraphs 1 to 29, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas10d, Cas7
and Cas5.

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
sequence(s) recited in paragraph 46).

In one embodiment, the vector comprises nucleotide
sequences (in 5' to 3' direction) that encode a Cas3, Cas10d,
Cas7 and Cas5. Optionally, a nucleotide sequence encoding
Cas6 is between the Cas3 sequence(s) and the Casl0d
sequence. Optionally, the vector comprises a Type ID
CRISPR array or one or more nucleotide sequences encod-
ing single guide RNA(s) (gRNAC(s)), wherein the array and
each gRNA comprises repeat sequence that is cognate with
the Cas3. Thus, the array is operable in a host cell when the
vector has been introduced into the cell for production of
guide RNAs, wherein the guide RNAs are operable with the
Cas and Cascade proteins to target and modify (eg, cut) a
target nucleotide sequence in the host cell, optionally
thereby killing the host cell. Similarly, the single guide
RNAs encoded by the vector in one embodiment are 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
comprises a Type ID CRISPR array that is cognate with
the Cas3.

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

50. The vector of any one of paragraphs 1 to 29, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas8e, Casll,
Cas7, Cas5 and Cas6.

51. The vector of paragraph 50, wherein the vector com-
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,

Casll, Cas7, Cas5 and Cas6. Optionally, a nucleotide

sequence encoding Cas6 is between the Cas3 sequence(s)

and the Casl1 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
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
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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 1A, B, C, D, U or F
CRISPR/Cas system.

54. The vector of any one of paragraphs 1 to 29, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas8f, Cas5,
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,
Cas5, Cas7 and Cas6f. Optionally, a nucleotide sequence
encoding Cas6 is between the Cas3 sequence(s) and the
Cas8f sequence. Optionally, the vector comprises a Type IF
CRISPR array or one or more nucleotide sequences encod-
ing single guide RNA(s) (gRNAC(s)), wherein the array and
each gRNA comprises repeat sequence that is cognate with
the Cas3. Thus, the array is operable in a host cell when the
vector has been introduced into the cell for production of
guide RNAs, wherein the guide RNAs are operable with the
Cas and Cascade proteins to target and modify (eg, cut) a
target nucleotide sequence in the host cell, optionally
thereby killing the host cell. Similarly, the single guide
RNAs encoded by the vector in one embodiment are 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 1 to 29, wherein the
Cas and Cascade are Type IA Cas and Cascade proteins.

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

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

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

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

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

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

65. The vector of any one of paragraphs 1 to 29, wherein the
Cas and Cascade are E coli (optionally Type IE or IF) Cas
and Cascade proteins, optionally wherein the £ coli is
ESBL-producing E. coli or E. coli ST131-025b:H4.

66. The vector of any one of paragraphs 1 to 29, wherein the
Cas and Cascade are Clostridium (eg, C difficile) Cas and
Cascade proteins, optionally C difficile resistant to one or
more antibiotics selected from aminoglycosides, lincomy-
cin, tetracyclines, erythromycin, clindamycin, penicillins,
cephalosporins and fluoroquinolones.
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67. The vector of any one of paragraphs 1 to 29, wherein the
Cas and Cascade are Pseudomonas aeruginosa Cas and
Cascade proteins, optionally P aeruginosa resistant to one
or more antibiotics selected from carbapenems, amino-
glycosides, cefepime, ceftazidime, fluoroquinolones, pip-
eracillin and tazobactam.

68. The vector of any one of paragraphs 1 to 29, wherein the
Cas and Cascade are Klebsiella pneumoniae (eg, carbape-
nem-resistant Klebsiella pneumoniae or Extended-Spec-
trum Beta-Lactamase (ESBL)-producing K preumoniae)
Cas and Cascade proteins.

69. The vector of any one of paragraphs 1 to 29, wherein the
Cas and Cascade are E coli, C difficile, P aeruginosa, K
preumoniae, P furiosus or B halodurans Cas and Cascade
proteins.

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

The cognate promoter here is the one that controls expres-
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.
A corresponding locus is a wild-type locus of a bacterial

or archaeal species or strain that comprises an endogenous

CRISPR/Cas system encoding the Cas3 and/or Cascade

proteins of the type that are also encoded by the vector. Thus,

when the vector comprises an operon, the operon may
comprise Cas3- and Cascade-encoding nucleotide sequences
that are not in a natural configuration.

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

73. The vector of paragraph 72 when dependent from
paragraph 4, wherein the array or gRNA-encoding
sequence(s) are comprised by the operon and under the
control of the promoter.

74. The vector of paragraph 72, wherein the array or
gRNA-encoding sequence(s) are under the control of a
promoter that is different from the promoter that controls
the expression of the Cas3.

75. The vector of any one of paragraphs 72 to 74, wherein
one or more of the crRNAs or gRNAs comprises a spacer
sequence that is capable of hybridising to a target nucleo-
tide sequence of the host cell, wherein the target sequence
is adjacent a PAM, the PAM being cognate to the Cas3.
Thus, the spacer hybridises to the protospacer to guide the

Cas3 to the protospacer. Optionally, the Cas3 cuts the

protospacer, eg, using exo- and/or endonuclease activity of

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

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

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

78. The vector of any preceding paragraph, wherein the
vector is a plasmid or phagemid.
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79. A delivery vehicle comprising the vector of any 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 difficile, P aeruginosa, K
preumoniae (eg, carbapenem-resistant Klebsiella pneu-
moniae or Extended-Spectrum Beta-Lactamase (ESBL)-
producing K preumoniae), E coli (eg, ESBL-producing F.
coli, or E. coli ST131-025b:H4), H pylori, S preumoniae
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. coli strain BW25113 cells with
a fluorescence of from 0.5 to 4 times the fluorescence
produced in E. coli strain BW25113 cells using a second
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EOU comprising a P10 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.

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

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

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 £ coli cell.

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

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

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

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 Cas13b).

99. The method of any one of paragraphs 85 to 92, wherein
the Cas is selected from a Cas3, Cas8a, Cas5, Cas8b,
Cas8c, CaslOd, Csel, Cse2, Csyl, Csy2, Csy3,
GSU0054, Cas10, Csm2, Cmr5, Casl0, Csx11, Csx10,
Csfl, Cas9, Csn2, Casd, Cpfl, C2cl, C2c3, Casl3a,
Cas13b and Casl3c.

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

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

102. The method of paragraph 101, wherein the host cells
are bacterial or archaeal cells, optionally, the host cells are
C difficile, P aeruginosa, K pneumoniae (eg, carbapenem-
resistant Klebsiella pneumoniae or Extended-Spectrum
Beta-Lactamase (ESBL)-producing K preumoniae), E
coli (eg, ESBL-producing E. coli, or E. coli ST131-0O25b:
H4), H pylori, S pneumoniae or S aureus cells.



US 11,578,333 B2

25

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-
fying 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

BW25113 cells with a fluorescence of >4 times the fluores-

cence produced in E. coli strain BW25113 cells using a

second EOU comprising a P10 promoter (SEQ ID NO: 1)

combined with a BCD14 TIS (SEQ ID NO: 2), wherein the

EOUs differ only in their promoter and TIS combinations,

wherein each EOU comprises (in 5' to 3' direction) an

upstream initiator, the respective promoter, the respective

TIS, a nucleotide sequence encoding GFP, a 3' UTR, a

transcription terminator and a downstream insulator.

106. The use of paragraph 105, wherein the use is for
enhancing said yield by
(d) reducing toxicity of the Cas in the production strain;
(e) reducing mutation of the DNA (optionally the Cas-

encoding sequence) in the production strain;

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

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

116. The use of paragraph 108 or 110, or the method of
paragraph 113 or 115, wherein the mutation or cutting is
mutation or cutting of host cell chromosomal DNA or the
construct DNA.

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

119. The use or method of any one of paragraphs 105 to 118,
wherein the promoter is Py, .o 1, Prj,00.1 OF a repressible
homologue thereof.

P;.c0.1 18 repressed by lac repressor (LacR). Pueto-1 is
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

0.5>AS>0.1.

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

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

124. The use or method of any one of paragraphs 105 to 123,
wherein the nuclease is Cas3 and optionally the DNA
construct encodes cognate Cascade proteins.

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

126. The use or method of any one of paragraphs 105 to 123,
wherein the Cas is a Type I1IA csm protein or a Type I1IB
cmr protein.

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

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).

130. The use or method of any one of paragraphs 105 to 123,
wherein the Cas is selected from a Cas3, Cas8a, Cas5,
Cas8b, Cas8c, Casl0d, Csel, Cse2, Csyl, Csy2, Csy3,
GSU0054, Casl0, Csm2, Cmr5, Casl0, Csx11, Csx10,
Csfl, Cas9, Csn2, Casd, Cpfl, C2cl, C2c3, Casl3a,
Cas13b 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.

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
causing packaging of the amplified DNA into phage
particles or non-self-replicative transduction particles,
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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 difficile, P aeruginosa, K pneumoniae (eg, carbapenem-
resistant Klebsiella pneumoniae or Extended-Spectrum
Beta-Lactamase (ESBL)-producing K preumoniae), E
coli (eg, ESBL-producing E. coli, or E. coli ST131-O25b:
H4), H pylori, S pneumoniae or S aureus cells.

135. The use or method of any one of paragraphs 105 to 134,
wherein each DNA is comprised by a high copy number
vector, optionally a high copy number plasmid (an 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 1 to 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. coli strain BW25113 cells with
a fluorescence of from 0.5 to 4 times the fluorescence
produced in E. coli strain BW25113 cells using a second
EOU comprising a P10 promoter (SEQ ID NO: 1) 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 Casl, 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 Casll, 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 Cas8b1, Cas7
and Cas5.

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

26. The vector of Clause 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 Clauses 1 to 17, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas5, Cas8c
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
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.

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,
Cas5 and Caso6.

32. The vector of Clause 31, wherein the vector comprises
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.

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-
tide sequence encoding one, more or all of Cas10d, Cas7
and Cas5.

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

37. The vector of Clause 36, wherein the nucleotide
sequences encoding the Cas3' and/or Cas3" are between
the promoter and the sequence(s) recited in Clause 35.

38. The vector of any one of Clauses 35 to 37, wherein the
host cell comprises a Type ID CRISPR array that is
cognate with the Cas3.

39. The vector of any one of Clauses 35 to 37, wherein the
host cell comprises an endogenous Type IA, B, C, U, E or
F CRISPR/Cas system.

40. The vector of any one of Clauses 1 to 17, wherein the
vector comprises (optionally in 5' to 3' direction) nucleo-
tide sequence encoding one, more or all of Cas8e, Casll,
Cas7, Cas5 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.

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 1A, B, C, D, U or F
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, Cas5,
Cas7 and Cas6f.

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 IB Cas and Cascade proteins;

(c) Type IC Cas and Cascade proteins;

(d) Type ID Cas and Cascade proteins;

(e) Type IE Cas and Cascade proteins;

(®) 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 £ coli (optionally Type IE or IF) Cas and
Cascade proteins.

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

51. The vector of any preceding Clause, wherein the Cas and
Cascade are
(a) Clostridium (eg, C difficile) Cas and Cascade proteins,

optionally C difficile resistant to one or more antibiotics
selected from aminoglycosides, lincomycin, tetracy-
clines, 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) Klebsiella pneumoniae (eg, carbapenem-resistant
Klebsiella pneumoniae or Extended-Spectrum Beta-
Lactamase (ESBL)-producing K preumoniae) Cas and
Cascade proteins.

52. The vector of any preceding Clause, wherein the Cas and
Cascade are F coli, C difficile, P aeruginosa, K pneumo-
niae, P furiosus or B halodurans 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 crtRNAs 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.
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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.

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.

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
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
is a phage, non-replicative transduction particle, nanopar-
ticle 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 difficile, P aeruginosa, K preumoniae (eg,
carbapenem-resistant ~ Klebsiella ~ pneumoniae  or
Extended-Spectrum Beta-Lactamase (ESBL)-producing
K preumoniae), E coli (eg, ESBL-producing F. coli, or E.
coli ST131-025b:H4), H pylori, S pneumoniae or S
aureus cell.

65. The vector or vehicle of any preceding Clause for
administration to a human or animal subject for treating or
reducing the risk of a disease or condition in the subject.

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

67. A pharmaceutical composition comprising the vector or
vehicle of any preceding Clause and a pharmaceutically
acceptable diluent, excipient or carrier.

It will be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope of the invention. Those skilled in
the art will recognize, or be able to ascertain using no more
than routine study, numerous equivalents to the specific
procedures described herein. Such equivalents are consid-
ered to be within the scope of this invention and are covered
by the claims. All publications and patent applications
mentioned in the specification are indicative of the level of
skill of those skilled in the art to which this invention
pertains. All publications and patent applications and all US
equivalent patent applications and patents are herein incor-
porated by reference to the same extent as if each individual
publication or patent application was specifically and indi-
vidually indicated to be incorporated by reference. Refer-

ence is made to WO2017/118598, US20180140698,
US20170246221, US20180273940, US20160115488,
US20180179547, US20170175142, US20160024510,
US20150064138,  US20170022499, US20160345578,
US20180155729,  US20180200342, W02017112620,
W02018081502, PCT/EP2018/066954, PCT/EP2018/

066980, PCT/EP2018/071454 and U.S. Ser. No. 15/985,658
and equivalent publications by the US Patent and Trademark
Office (USPTO) or WIPO, the disclosures of which are
incorporated herein by reference 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 coli strains. As a model programmable nuclease
system, we used a CRISPR guided vector (CGV™) to
specifically target Escherichia coli MG1655.

Example 1. Single-Vector Cas3 & Cascade: Type 1
CRISPR-Cas System Targeting F. coli

A plasmid (which we call a CRISPR Guided Vector™,
CGV™) was constructed comprising an operon with nucleo-
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tide sequences encoding a Type I Cas3 and Cascade proteins
under the control of a common promoter. C. difficile Type IB
Cas3 and Cascade was used. A cognate CRISPR array
comprising C. difficile repeat sequences and spacer sequence
for targeting an E. coli 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. difficile Type IB CRISPR/Cas locus,
the cas3 gene is 3' of the Cascade genes (cas8bl, cas7 and
cas5) and thus spaced away from the promoter upstream of
the Cascade genes. When we tried this arrangement, we
found killing of E. coli cells, but surprisingly when we
changed to a synthetic operon arrangement (in 5' to 3'
orientation) of promoter, cas3, cas8b1, cas7 and cas5 we saw
significantly higher killing of the target . coli cells.

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

We also managed to achieve desirable targeted killing of
E coli cells using a similar set-up, except that £ coli Type IE
Cas and Cascade were used, together with a cognate array
targeting host cell £ coli chromosomal DNA (data not
shown). In this case, a vector was used comprising (in 5' to
3" direction) a promoter controlling the expression of Cas3,
Cas8e, Casll, Cas7, Cas5 and Cas6 in an operon.
Materials and Methods

E. coli MG1655 was grown in lysogeny broth (LB) with
shaking (250 rpm) at 37° C. When necessary, cultures were
supplemented with tetracycline (10 pg/mlL), and spectino-
mycin (400 Kg/mL).

To construct a plasmid containing C. difficile CRISPR
system under arabinose inducible pBAD promoter, cas3,
cas6, cas8b, cas7 and casS genes from C. difficile were
amplified and cloned in a low copy number plasmid
(pSC101 ori). cas3 was located in the beginning of the
operon followed by cas6, cas8b, cas7 and cas5. The adap-
tation module (consisting of casl, cas2, and cas4) was
omitted in the vector (FIG. 1A). A second plasmid contain-
ing an IPTG inducible single-spacer array targeting a chro-
mosomal intergenic region in E. coli MG1655 was con-
structed (FIG. 1A). The spacer was cloned under control of
the IPTG-inducible Ptrc promoter, in a CloDF13 ori back-
bone. It contains 37 nucleotides from the genome of E. coli
MG1655 (ctttgecgegegcettegtcacgtaattetegtegeaa) (SEQ 1D
NO: 26). Additionally, the 3'-CCT protospacer adjacent
motif (PAM) is located adjacent to the selected target
sequence in the genome of E. coli MG1655 (FIG. 1A).

To perform killing assays, both plasmids were trans-
formed into E. coli 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
counting colony forming units (CFUs) on the plates and data
were calculated as viable cell concentration (CFU/ml).

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

A plasmid (which we call a CRISPR Guided Vector™,
CGV™, which is a nucleic acid vector comprising nucleo-



US 11,578,333 B2

35

tide sequences encoding CRISPR/Cas 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. difficile Type IB
Cas3 and Cascade was used. Adaptation module containing
Casl, Cas2 and Cas4 was omitted in the vector. A cognate
CRISPR array comprising C. difficile repeat sequences and
spacer sequence for targeting an E. coli 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. coli Type IE Cas3 and
Cascade proteins under control of a common promoter. The
E. coli adaption module containing Casl and Cas2 was
omitted, in the vector. A cognate CRISPR array comprising
E. coli repeat sequences and spacer sequence for targeting an
E. coli host cell chromosome was also cloned in the vector.

The CGV containing the C. difficile CRISPR-Cas system
was transformed into E. coli MG1655 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 pl) of target E. coli MG1655 cells harboring the
CGV on synthetic medium (SM) agar plates with and
without inducers. CRISPR/Cas induction resulted in more
than 2-log,, reductions in viable cells of . coli MG1655
(FIG. 2C, grey bar). Growth in absence of induction is
shown in black. CGV™ refers to a CRISPR Guided Vec-
tor™,

The survival of E. coli 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 CRISPR/Cas induction mediated rapid killing of E. coli
MG1655, generating a two-log, , reduction in E. coli by the
first 60 minutes. FIG. 3B shows a dilution series (10'-10%)
of drop spots (5 ul) of induced and non-induced cultures of
target £. coli MG1655 on SM agar plates.

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

Materials and Methods

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

To construct a plasmid containing C. difficile CRISPR
system under arabinose inducible pBAD promoter, cas3,
cas6, cas8b, cas7 and casS genes from C. difficile were
amplified and cloned in a low copy number plasmid
(pSC101 ori). cas3 was located in the beginning of the
operon followed by cas6, cas8b, cas7 and cas5. Additionally,
an IPTG inducible single-spacer array targeting a chromo-
somal intergenic region in £. coli MG1655 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. coli
MG1655) (gtttggegatggegegggtetegttgtecttcggegt) (SEQ ID
NO: 27). Additionally, the 3'-CCT protospacer adjacent
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motif (PAM) is located adjacent to the selected target
sequence in the genome of E. coli MG1655 (FIG. 2A).

To construct a plasmid containing E. coli CRISPR system
under arabinose inducible pPBAD promoter, cas3, csel, cse2,
cas7, cas5 and cas6 genes from E. coli were amplified and
cloned in a low copy number plasmid (pSC101 ori). The
operon comprised (in 5' to 3' direction) cas3 followed by
csel cse2, cas7, cas5 and cas6. Additionally, an IPTG
inducible single-spacer array targeting a chromosomal inter-
genic region in E. coli MG1655 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. coli MG1655) (tgggatgcee-
taccgcaageagcttggectgaa) (SEQ ID NO: 28) and found to
efficiently target in Brouns et al., 2008 (Science. 2008 Aug.
15;321(5891):960-4. doi: 10.1126/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
genome of E. coli MG1655.

The CGVs were transformed into E. coli MG1655 by
electroporation. Transformants were grown in liquid SM
with antibiotics to mid-log phase, and the killing efficiency
was determined by serial dilution and spot plating onto LB,
and LB+inducers (0.5 mM IPTG and 1% arabinose). 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. coli M(G1655 harboring the
CGV was grown in liquid SM with antibiotics to mid-log
phase. The culture was divided into two tubes and either
inducers (0.5 mM IPTG and 1% arabinose) or PBS were
added. Survival of the strain was followed over time by
plating the cultures in serial dilutions (10*-10°) of drop spots
(5 ul) 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).

Example 3. Precision Killing of Target Strain E.
coli MG1655 in a Microbiome

An artificial microbial consortium was constructed to
study the efficiency of the CGV carrying the CRISPR-Cas
system of C. difficile, to specifically target E. coli MG1655
in the presence of other microbes, mimicking the human
microbiome.

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

Additionally, CRISPR killing of target strain E. coli
MG1655 in the synthetic microbial consortium was com-
pared to a pure culture (ie, target strain E. coli MG1655 that
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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. 5A). Thus,
surprisingly the killing in the microbiome setting was as
efficient as the killing in pure culture. In FIG. 5B there is
shown a dilution series (10*-10°) of drop spots (5 ul) of the
synthetic consortium and E. coli MG1655 in pure culture on
BHI agar plates with and without inducers.

Materials and Methods

E. coli MG1655, E. coli Topl0, and Lactococcus lactis
NZ9000 were grown in BHI broth with shaking (250 rpm)
at 30° C. Cultures were supplemented with 1000 pg/mL
streptomycin, 100 pg/ml ampicillin, or 10 pg/ml 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 quantity the initial concentration of E. coli
MG1655, E. coli Topl0 and L. lactis NZ9000, respectively.
The mixed culture was divided into two tubes and either
inducers (0.5 mM IPTG and 1% arabinose) or PBS were
added. After 1 h induction at 30° C., the composition of the
consortium was calculated by counting colony forming units
(CFUs) on selective plates and data were calculated as
viable cell concentration (CFU/ml).

20

25
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Example 4. Use of Promoter Repression in Vector
Amplification Strains

We engineered an £ coli ToplO production strain cell
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
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
addition to providing a way of increasing CGV yield (eg, for
subsequent packaging into phage or non-self-replicative
transduction particles), our method using repression can
minimize selection for mutations in the DNA that would
otherwise be forced by higher Cas9 expression and cutting
(eg, due to CGV cutting).

REFERENCES

Mutalik et al, Nat Methods. 2013 April; 10(4):354-60. doi:
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TABLE 2

66

TABLE 2-continued

Sequences

Sequences

Nucleic acid sequences herein are written in 5' to
3' direction; amino acid sequences are written in
N- to C-terminal direction.

SEQ ID NO: 1 (P10)
TTTCAATTTAATCATCCGGCTCGTATAATGTGTGGA

SEQ ID NO: 2 (BCD14)
GGGCCCAAGTTCACTTAAAAAGGAGATCAACAATGAAAGCAATTTTCGTA
CTGAAACATCTTAATCATGCGGTGGAGGGTTTCTAATG

SEQ ID NO: 3 (gfp)
ATGAGCAAAGGAGAAGAACTTTTCACTGGAGT TGTC

SEQ IDs NO: 4 & 29 (example Expression Operating
Unit, EOU)

The EOU is (in 5' to 3' direction) :-

[SEQ ID NO: 4]-[promoter]-[TIS]-[GFP-encoding
nucleotide sequence]-[SEQ ID NO: 29]

Where

SEQ ID NO: 4 is

GAATTCAAAAGATCTTAAGTAAGTAAGAGTATACGTATATCGGCTAATAA
CGTATGAAGGCGCTTCGGCGCCTTTTTTTATGGGGGTATTTTCATCCCAA

20

TCCACACGTCCAACGCACAGCAAACACCACGTCGACCCTATCAGCTGCGT
GCTTTCTATGAGTCGTTGCTGCATAACTTGACAATTAATCATCCGGCTCG
TATAATGTGTGGAA

SEQ ID NO: 29 is
GGATCCAAACTCGAGTAAGGATCTCCAGGCATCAAATAAAACGAAAGGCT
CAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGC
TCTCTACTAGAGTCACACTGGCTCACCTTCGGGTGGGCCTTTCTGCGTTT
ATA

SEQ ID NO: 5
AAAGAGGAGAAA

(Example Shine Dalgarno Sequence)

SEQ ID NO: 26 (Spacer sequence)
CTTTGCCGCGCGCTTCGTCACGTAATTCTCGTCGCAA

SEQ ID NO: 27 (Spacer sequence)
GTTTGGCGATGGCGCGGGTGTGGTTGTGCTTCGGCGT

SEQ ID NO: 28 (Spacer sequence)
TGGGATGCCTACCGCAAGCAGCTTGGCCTGAA

TABLE 3

Anderson Promoter Collection

SEQ

iD Measured

NO: Identifier Sequence® Strength®
6 BBa_J23119 TTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC n/a

7 BBa_dJ23100

8 BBa_dJ23101

9 BBa_J23102

10 BBa_J23103

11 BBa_J23104

12 BBa_dJ23105

13 BBa_dJ23106

14 BBa_dJ23107

15 BBa_dJ23108

16 BBa_dJ23109

17 BBa_dJ23110

18 BBa_dJ23111

19 BBa_dJ23112

20 BBa_dJ23113

21 BBa_dJ23114

22 BBa_dJ23115

23 BBa_dJ23116

TTGACGGCTAGCTCAGTCCTAGGTACAGTGCTAGC 1

TTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGC 0.7

TTGACAGCTAGCTCAGTCCTAGGTACTGTGCTAGC 0.86

CTGATAGCTAGCTCAGTCCTAGGGATTATGCTAGC 0.01

TTGACAGCTAGCTCAGTCCTAGGTATTGTGCTAGC 0.72

TTTACGGCTAGCTCAGTCCTAGGTACTATGCTAGC 0.24

TTTACGGCTAGCTCAGTCCTAGGTATAGTGCTAGC 0.47

TTTACGGCTAGCTCAGCCCTAGGTATTATGCTAGC 0.36

CTGACAGCTAGCTCAGTCCTAGGTATAATGCTAGC 0.51

TTTACAGCTAGCTCAGTCCTAGGGACTGTGCTAGC 0.04

TTTACGGCTAGCTCAGTCCTAGGTACAATGCTAGC 0.33

TTGACGGCTAGCTCAGTCCTAGGTATAGTGCTAGC 0.58

CTGATAGCTAGCTCAGTCCTAGGGATTATGCTAGC O

CTGATGGCTAGCTCAGTCCTAGGGATTATGCTAGC 0.01

TTTATGGCTAGCTCAGTCCTAGGTACAATGCTAGC 0.1

TTTATAGCTAGCTCAGCCCTTGGTACAATGCTAGC 0.15

TTGACAGCTAGCTCAGTCCTAGGGACTATGCTAGC 0.16
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TABLE 3-continued

Anderson Promoter Collection

SEQ
iD Measured
NO: Identifier Sequence® Strength®

24 BBa_J23117 TTGACAGCTAGCTCAGTCCTAGGGATTGTGCTAGC 0.06

25 BBa_J23118 TTGACGGCTAGCTCAGTCCTAGGTATTGTGCTAGC 0.56

aalso shown in the Anderson Catalog, see <http://parts.igem.org/Promoters/
Catalog/Andersons

bStrength is the Anderson Score (AS), e.g., a strength of 1 is a AS of 1.
Reported activities of the promoters are given as the relative fluorescence
of plasmids in strain TGl grown in LB media to saturation. A suitable plasmid
is EX-Ptet-S-rbsRFP-P "RFP reporter" as described at <http://parts.igem.org/
Part:BBa J61002>; insertion of a promoter element between Xbal and Spel sites
results in a RFP reporter.

68

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 atcatccgge tcgtataatg tgtgga

<210> SEQ ID NO 2

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 2

gggcccaagt tcacttaaaa aggagatcaa caatgaaagc aattttcgta ctgaaacatce
ttaatcatgce 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

<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
cgetteggeg cettttttta tgggggtatt ttcatcccaa tcecacacgte caacgcacag

caaacaccac gtcgacccta tcagetgegt getttctatg agtegttget gcataacttg

acaattaatc atccggcteg tataatgtgt ggaa

36

60

88

36

60

120

180

214
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-continued

70

<210> SEQ ID NO 5

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 5

aaagaggaga aa

<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 gctcagtect aggtataatg ctage

<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 gctcagtect aggtacagtg ctage

<210> SEQ ID NO 8

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 8

tttacagcta gctcagtect aggtattatg ctage

<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 gctcagtect aggtactgtg ctage

<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 gctcagtect agggattatg ctage

<210> SEQ ID NO 11

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

12

35

35

35

35

35
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-continued

72

<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 11

ttgacagcta gctcagtect aggtattgtg ctage

<210> SEQ ID NO 12

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 12

tttacggcta gctcagtect aggtactatg ctage

<210> SEQ ID NO 13

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 13

tttacggcta gctcagtect aggtatagtg ctage

<210> SEQ ID NO 14

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 14

tttacggcta gctcagecct aggtattatg ctage

<210> SEQ ID NO 15

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 15

ctgacagcta gctcagtect aggtataatg ctage

<210> SEQ ID NO 16

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 16

tttacagcta gctcagtect agggactgtg ctage

<210> SEQ ID NO 17

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 17

tttacggcta gctcagtect aggtacaatg ctage

35

35

35

35

35

35

35
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-continued

74

<210> SEQ ID NO 18

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 18

ttgacggcta gctcagtect aggtatagtg ctage

<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 gctcagtect agggattatg ctage

<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 gctcagtect agggattatg ctage

<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 gctcagtect aggtacaatg ctage

<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 gctcageect tggtacaatg ctage

<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 gctcagtect agggactatg ctage

<210> SEQ ID NO 24

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

35

35

35

35

35

35
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76

-continued

<400> SEQUENCE: 24

ttgacagcta gctcagtect agggattgtg ctage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 25

LENGTH: 35

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 25

ttgacggcta gctcagtect aggtattgtg ctage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 26

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 26

ctttgcegeg cgcttegtea cgtaattete gtegecaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 27

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 27

gtttggcgat ggegegggtyg tggttgtget teggegt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 28

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 28

tgggatgcct accgcaagea gcttggectyg aa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 29

LENGTH: 153

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 29

ggatccaaac tcgagtaagg atctccaggce atcaaataaa acgaaaggct cagtcgaaag

actgggectt tegttttate tgttgtttgt cggtgaacge tctctactag agtcacactg

getcacctte gggtgggect ttetgegttt ata

35

35

37

37

32

60

120

153

The invention claimed is:

1. A method for enhancing the yield of amplified copies
of a first DNA construct in a population of Escherichia coli
(E. coli) production strain cells,

wherein the first DNA construct 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 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 AS=0.5 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
P ero-15 Priaco.1 OF 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 coli (E. coli)

production strain cells, wherein the production strain
cells comprise:
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(1) 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
production strain cells, and wherein the promoter com-
prises a nucleotide sequence that is capable of binding
to a repressor,

(i) a nucleic acid sequence encoding the repressor,
wherein the nucleic acid sequence encoding the repres-
sor is a chromosomally-integrated sequence or com-
prised by a second DNA construct, and

(ii1) a nucleotide sequence that is inducible to produce
phage coat proteins in the cells;

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
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,

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
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.

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.
difficile, P. aeruginosa, K. pneumonia, E. coli, H. pylori, S.
preumoniae and S. aureus cells.

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

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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