CLAIMS

1.  Abacterial cell packaging system for packaging a reporter nucleic acid molecule into a
non-replicative transduction particle (NRTP) for introduction into a bacterial cell, the

packaging system comprising a host cell, comprising:

- abacteriophage genome comprising a first gene comprising a disruption, wherein
in the absence of the disruption the first gene encodes a first essential component
of a packaging-related enzymatic activity and comprises a first packaging initiation
site sequence, wherein the packaging-related enzymatic activity recognizes the
first packaging initiation site, wherein the disruption prevents recognition of the
first packaging initiation site sequence by the essential packaging-related
enzymatic activity, and wherein the disruption reduces the level of the essential

packaging-related enzymatic activity; and

- areporter nucleic acid molecule comprising a reporter gene, a second gene
encoding the first component of the essential packaging-related enzymatic activity,
and a third gene encoding a second component of the essential packaging-related
enzymatic activity, wherein the second gene comprises the non-disrupted first
packaging initiation site sequence, wherein the first packaging initiation site
sequence is configured to facilitate packaging of a replicon of the reporter nucleic

acid molecule into the NRTP.

Z2——The bacterial cell packaging system of claim 1, wherein the bacteriophage comprises a
plurality of disrupted genes, wherein in the absence of the disruptions, each encodes

an essential component of the packaging-related enzymatic activity and-

3:2. The-bacterial-cell-packaging system-of-elaim-2; wherein each of the plurality of

disrupted genes on the bacteriophage is complemented by a functional, non-disrupted

gene encoded by the reporter nucleic acid molecule.

’ 4.3. _The bacterial cell packaging system of any one of claims 1 to 2, wherein the disruption

is via deletion, insertion, mutation, or replacement.

\ 5:4.__The bacterial cell packaging system of any one of claims 1_to 3, wherein the packaging-

related enzymatic activity is a terminase activity.
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675, The bacterial cell packaging system of any one of claims 1 to 4, wherein the second

gene and the third gene are each terminase genes and -
FFhe-bacterial- cell-packaging systenrofelaim-6,wherein-the-second gene-is-a-pach-gene
and-wherein-the third-geneds-a-pacB-gene:
8——The baeterialcell packaging system-ofelaim-6;wherein-the reporter-nueleie acid
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9Qo—The-bacterial-celbpackaging system-etelaim-6;,-wherein-the-second-gene-is-a-terd-gene

and-the-third-gene-is-a-terB-gene:

+0—-The-bacterial-cell-packagingsystem-of-clatm-6;,wherein-the-reporternueleic-aeid

molecule-comprises-thesequence-of SEQ-HINO:6;

H—Thebacterial-cell packaging system-of-claim-6, wherein the second-gene-isa ter§ gene

and-wherein-the third gene-is-a-terl. gene:

$2—The bacterial-cell-packaging system-ofchaim-6,-wherein-the-reporter-nucleicacid
melecule-comprises-the sequence of SEQ-HNO:4-

13:6. ‘Fhe-bacterial-cell-packaging system-of clainm-1; wherein the second gene and the third

gene are operably linked to a conditional promoter.

HA—The bacteriabcellpackaging systemr-ot elaim-J43wherein-the-conditionalpremeoter

comprises-the sequence-of SEQID-NO:-9;

15.7. The bacterial cell packaging system of claim 435, wherein the conditional promoter is

a native promoter of a terminase gene of the bacteriophage genome.

16:8. The bacterial cell packaging system of any one of claims 5 or 613, wherein expression

of the second gene or the third gene is inhibited in the absence of activation of the lytic
cycle of the bacteriophage, and wherein expression of the second gene or the third

gene is activated upon activation of the lytic cycle of the bacteriophage.

17.9. The bacterial cell packaging system of claims 5 to 743, wherein the second gene and

the third gene are terminase genes native to the bacteriophage genome, and wherein

the conditional promoter is a native promoter of the terminase genes.
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48:10. The bacterial cell packaging system of any one of claims 1_to 8, wherein the bacteriophage

genome comprises a reporter gene_ encoding a detectable marker or a selectable marker and

wherein the reporter gene is operatively linked to a constitutive promoter.

49:11. The bacterial cell packaging system of claim 189, wherein the bacteriophage genome further

comprises an antibiotic resistance gene.
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24:12. The bacterial cell packaging system of claimsg 489 or 109, wherein the reporter gene is
selected from the group consisting of: enzymes mediating luminescence reactions (luxA, luxB,
luxAB, luc, ruc, nluc), enzymes mediating colorimetric reactions (lacZ, HRP), fluorescent
proteins (GFP, eGFP, YFP, RFP, CFP, BFP, mCherry, near-infrared fluorescent proteins),
affinity peptides (His-tag, 3X-FLAG), and selectable markers (ampC, tet(M), CAT, erm).

ZA——The bactertal cell-packaging system-ol elaim-18-0e 19 whereinthe-reporter gene-disruptsa

terminase gene:

23-13. The bacterial cell packaging system of claim 10%, wherein the antibiotic resistance gene is a

kanamycin resistance gene.

Zhe—The-bacteriabecl packaging system ofelabn-1 8 o1 wherein the-reporter feneis
aperatively Hnked-to-a-constitutive-promeoter:

- e

25—The-bacterial cell-packagingsystem-of claim 24, whereinthe-constitutive-prometeris-Pblast

26:14. The bacterial cell packaging system of any one of claims 1 to 12, wherein the disruption
comprises an insertion into or replacement of the first packaging initiation site sequence with

a gene encoding a selectable marker and wherein the gene encoding the selectable marker is

operatively linked to a constitutive promoter.

H-—Thebacterialcell-packagingsystem-otcladm-2 6, wherein-the-gene-encoding the selectable

markeris-operatively-linked-to-a-constitutive-promoter

comprises an insertion into or replacement of the first packaging initiation site sequence with

a gene encoding a detectable marker.
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29.—The bacterial-ecell-packaging system-of elaim 28, wherein-the gene-encoding the
detectable-marker-isselected-fronrthe group consisting-ofr- haseh - eddand-tusA B:
38; —The bacterinbeel-packaping system-elelnim-28-00- 29 whereh-the gene enceding the

detectable-markeris-eperatively linked to-a-eonstitut

Fh—The bacterial cell-packagingsystem-ol clabm-30,wherein the-constitutive-prometeris

Phlast

32— The-bacterial cell-packaging system-of elaim-lywherein-the-first-gene comprisesa
pachgenelocus,and-wherein-the disruption-comprises-a luxAB-gene and-o-kan-gene

inserted-into-the-paei-gene loeus.

33 —The-bacterial-cell-packaging system-ofclaim-1, wherein-the bacteriophage-genome

comprises-SEQID-NO—1Z:

34:16. The bacterial cell packaging system of any one of claims 1 _to 14, wherein the

reporter nucleic acid molecule comprises an origin of replication.

35:17. The bacterial ceil packaging system of any one of claims 1_to 15, wherein the
replicon of the reporter nucleic acid molecule comprises a concatamer amenable to

packaging into the non-replicative transduction particle.

36:18. The bacterial cell packaging system of any one of claims 1_to 16, wherein the non-
disrupted first packaging initiation site sequence comprises a concatamer junction.

37— The-bacterial eell-packaging system-ebfclabm Lwhereinthe replicon-is-an

Enterobacterincene bacteriophage Pl lytie veplicon.

28— The bacterial-cell-packagingsystem-obelnim-L-wherein- the-replcan-comprises-a-td

represser-contealled-P5 3-promeoters-a-prometer Ph3-antisensesa-repl-gene and-an-in-

frne-deletion-of a-kilh gene:
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40:—The-bacterinl-cell-packagingsystem et clabm-L-whereinthe-repliconis-a-pBHR L

replicon-ora-derivative-ebthe-pBHRLreplicon:
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seguence-obSEQ-H-NO:3;

42— The bacterial-eelb-packaging systenrob elaim-trwherein the-reporter pucleie-acid

molecule-comprises-the-sequence-of SEQHD-NO:4:
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nucleie-acidmoleculeis derivedfrom-a-Seaureus-pTl81-plasmid-origin-of veplication:
44—The-bacterint-cell-packagingsystem-of-claim-d-wherein-the replicon-ofthe-reporter
nueteic-acid-melecule-comprises-the-sequence of SEQ-HD-NG:5.

45— The-bacterial-cell-packaging systemn-ofdadmd-wherein-the-reperter-nueleic-ueid
molecule-comprisesthe-sequence-comprises-thesequence ol S5EQID-MNO:6.

46.—Thebacterial-cell-packaging system-of-claim-1, wherein- the replicon-ef-the reporter
nueleicacid molecule ds-derived-trom-an-binterecoceusrepB-plasmid-arigin-of
replieation:

47——The-bacterial cell packaging system-of elaim-1-wherein-theveplicon-ob the reporter
nueleicacid-melecule-comprises-the sequenee-oLSEQIB-NO:Z:

48— The-bacterinl-eellpackagingsystem-obelaim-brwherein-thereplicon-ef-thereporter
nueleicacidmolecule is derived rom-an-EnterecocenspbL2 78 plasmid-erigin-of
rephieation:

49.—The bacterial cellpackaging system-of elaim-I-wherein the replicon of-the-nueleic-neid

1Q-HD-NO:8:

meolecule-comprises-the-sequence-of s
58-—The-bacterial-cellpackaging system-of-claim-dwherein the-non-disrupted-Hrst
packaginginitiationsite sequenee-comprises a-pae-site
51— TFhebacterial-cell-packaging system-of elaim-1,wherein-the-nen-disrupted-first

packaging-initiation-site seguence-comprises a-cos-site:

52-—18. The bacterial cell packaging system of any one of claims 1 to 17, wherein the

bacteriophage genome comprises an Enterobacteriaceae bacteriophage P1, or -

53 Fhe-bacterinbeell packaging system-obclaim-1rwherein-the-bacteriophage-genome

somprises-an S. aureus bacteriophage @80« or a bacteriophage ¢11;, or
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54 The bacterial cel-packaging system-ofelaim-lwhereln-the-bacteriophage-genome

eamprises an E. faecalis bacteriophage @EF11.

55——The bacterial-cell-packaging systerm-of elaim-bywherein-the bacterial cell-eomprises-an-bs
cobi-ealk

56:—The-bacterial-cell-packogingsystem-obelabm-Irwhereinthe-bacterial-cell-comprisesan-s
aureus-eetk:

57— The-bacterinl-cell-packaging system o elaim dwherein the-bacterial cell eamprisesan-$:

Gram-pegative-cell
59— Thebacterialcell packaging system-of-elabm-1-wherein-the bacterial-cellcomprisesa

Gram-pesitive-celh

60—The bacterial cell-poekaging system-ot dlaim- 1 wherein the-reporter-gene-eneadesa

detectablemarkeror-a-selectablemarker:

Hte—Fhebacterialcellpackaging systenr ofchim-d-wherein-the reportergeneds-selected-from
the group-consisting obenrymes mediating-huninescence reactions-(luxAs-heBr-lasA B Jue
rus-nluel-enzymes mediating colorimetric-reactions-toed-HR ) -fluerescent-proteins

(GEPeGRE YR RPRCRR-BIR mGCherey-near-infrared-Huoreseent-proteinsy-affiniey

62——"The bacterial-ecell packoging system-ofclaim-1, wherein-the-reporternueleic-acid-molecule
comprises-an-apkamen
63:19._The bacterial cell packaging system of any one of claims 1 to 18, wherein the reporter

nucleic acid molecule comprises a nucleic acid transcript sequence that is complementary

to a second sequence in the reporter nucleic acid molecule.

64+—The-bacterial-cell packaging system-of-elalm 63, wherein-the nucleic-acld transeript
sequence-is-complementary-to-a-cellular-transeript

65— The-bacterial-cell-packaging system-of-elaim-63;-wherein-the-pucleie-acid-transeript
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sequence-comprises-a-cis-repressingsequenece:

66— The-bacterinkcell-packaging system-of claim-d, whevein-thereporterpuclele-acid-moleculeis

operatively-linked-to-a-promoter
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68:20. The bacterial cell packaging system of any one of claims 1 to 19-6%, wherein the replicon of

the reporter nucleic acid molecule comprises a nucleic acid transcript sequence that is

complementary to a second sequence in the replica of the reporter nucleic acid molecule.

69:21. A method for packaging a reporter nucleic acid molecule into a non-replicative transduction

particle, comprising:

- providing conditions to the bacterial cell packaging system of any of the claims 1 tg 20-6&
that induce a lytic phase of the bacteriophage genome to produce non- replicative

transduction particles packaged with the reporter nucleic acid molecule; and

- collecting the non-replicative transduction particle comprising the reporter nucleic acid

molecule.

F8:22. The method of claim 216%, wherein the non-replicative transduction particle does not

contain a replicated bacteriophage genome.

74:23. The method ofany one of claims 6921 to 22, wherein the non-replicative transduction
particle comprises a portion of the bacteriophage genome due to recombination with the
reporter nucleic acid molecule, and wherein the portion of the bacteriophage genome

comprises the reporter gene.

7224, A composition comprising the non-replicative transduction particle comprising a replicon of
the reporter nucleic acid molecule produced from the method of any one of claims 21 to 2369~
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a bacteriophage genome comprising a first packaging initiation site sequence,
wherein the first packaging initiation site sequence is disrupted by a gene

encoding a reporter; and

areporter nucleic acid molecule comprising a second packaging initiation site
sequence facilitating packaging of a replicon of the reporter nucleicacid molecule
into the non-replicative transduction particle, wherein the reporter nucleic acid
molecule forms a replicon configured to be packaged into thefion-replicative

transduction particle.

74. A bacterial cell packaging system for packaging a reporter' nucleic acid molecule into
a non-replicative transduction particle (NRTP) for introduction into a cell, the

packaging system comprising a host cell, comprisi

- abacteriophage genome comprising a first pair of terminase genes, wherein at
least one of the first pair of terminase geyes is disrupted, rendering the disrupted

terminase gene non-functional; and

- areporter nucleic acid molecule ¢cdmprising a reporter gene and a second pair of
terminase genes that complemént the first pair of terminase genes, wherein each
of the second pair of terminAse genes are functional, and wherein the second pair
of terminase genes faciljtate packaging of a replicon of the reporter nucleic acid

molecule into the NRYP.

75. A bacterial cell packaging system for packaging a reporter nucleic acid molecule into a

only’one of the first pair of terminase genes is disrupted, rendering the disrupted

rminase gene non-functional; and

reporter nucleic acid molecule comprising a reporter gene and a second terminase
gene that complements the first terminase gene, wherein the second terminase gene is
functional, and wherein the second terminase gene facilitates packaging of a replicon

of the reporter nucleic acid molecule into the NRTP.
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