
CLAIMS 

1. A bacterial 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: 

a bacteriophage 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 

a reporter 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. 

2-. 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; 

Ml. The-ba^t€«^-€eti-m€feagmg-S¥Steffl^fektHft-^T 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. 

The bacterial cell packaging system of anv one of claims 1 to 3. wherein the packaging-

related enzymatic activity is a terminase activity. 
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5/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 ? 

8~, The-tea€teiial€eil-paekagmgsysteroof-claim-6;--wherein-the-fepoi1:eF-nuelei6-a6id[ 

and-the third gene is a terHS-gene? 

10. 'I'he^ba^temi-^eli-paekagiRg-systeiH-ef-eMm-^rwheMH^^ite^^eperteiHEHieleie-aeid 

—The bacterial cell packaging system of-daim 6, wherein the second gene-is-a-terS-gene 

rgeaer 

4^^The-ba€%efial-€eH-^a€kagHigH5ysteflEi-ef-ete««-l7 wherein the second gene and the third 

gene are operably linked to a conditional promoter. 

44=—Tfee-baeterial-€eH-pa€ka^mg^ysteiBhef^kHfflh437-v\4ief;eifi-tbe-eenditieftal^FeineteF 

45.7. The bacterial cell packaging system of claim 13^5, wherein the conditional promoter is 

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

16.8. The bacterial cell packaging system of anv 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. 

4-7:9. The bacterial cell packaging system of claims 5 to 71-3. 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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-tfirlO. 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. 

4%11, The bacterial cell packaging system of claim 489, wherein the bacteriophage genome further 

comprises an antibiotic resistance gene. 

24:12. The bacterial cell packaging system of claims 489 or 109, wherein the reporter gene is 

selected from the group consisting of: enzymes mediating luminescence reactions (luxA, luxB, 

luxAB, luc, rue, 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). 

241*13, The bacterial cell packaging system of claim 109, wherein the antibiotic resistance gene is a 

kanamycin resistance gene. 

—The bacterial cell packaging system of claim 18 or-Wrwhereie the reporter gene is 

—The bacterial-eeH packaglftg-system of claim 24, whei^ein the constitutive promoter is 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 

opera tivelv linked to a constitutive promoter. 

¥k—T^e43a€teria4€e]4'pa€k 26,-wherein the gene encoding the-selectable 

3-8.15. The bacterial cell packaging system of any one of claims 1 to 13, wherein the disruption 

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

a gene encoding a detectable marker. 
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2ft—The baeterial-eell packaging syste-m of-elaim 28, wherein-the gene encoding the 

detectable marker ig-selected-lrom the-group consisting oft luxA> luxB> and luxAB. 

PWast 

pacA gene locus> and wherein the4israption comprises a-IuxAB gene and a kan gene 

insefted-into-the-pacA-gene-leeas; 

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 cell packaging system of anv 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. 

3(v l 8. 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. 

3-7;—The-baefeerial cell packaging system of-claHTi4; wherein-the-replieon is-an 

—Thre43aeter4{4^€ll''i3a€tetgiiig^stoB^fdaiffl4Twfee^i«4fe€^epM€»ft-^efflpflses-a-G4 

repressor-eontrolled-PS3--pri>meterva--pperaoter--P-5-g-antisense>a repLgenerand-an-im-

fraffie-4eletie«-«f^4«4A-gefler 

39-.—4%e-baeteriai-€elH3aekagmg-5y5tem-ef-€k»«f47-wheFeiH4keHFepWeeH-€empme5-fcke 

4Q-.—The bacterial cell paclcagingsystewi-of-elaina4r wti&Fein #ie-Fepiicon is a pBHRl 

¥eplieeivw-a-de#|ratiw^f#ie-pBI4fyHFepli€eflT 
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d'l.—Ihe bacterial cell packaging system of claim 1, wli6r6in the replicon comprises the 

seq«eac-e-o f-SKQ 1 -fWN 013 .• 

42T-

ffleleeu4e-ee»prises-tiw-se€|«eftee-e#SEQ4iD-NOf4T 

43?—^hefeaeteiid-cell-faekaging system of claim 1, wherein the replicen-of the reporter 

nMgleic-add-moleeule is-derived froiB-a-S.-aureus-pyiSl-plasiilid-origin-of replication* 

44—T%e-ba€teri^-eeU-paekagfflg^iyste»^f^laHH4rrwbewift4fee4:eplteeH-e#4he4:epeFteF 

nucleie-acid-moleeulc comprises tfae-sequence of SEQ ID NO;5. 

45. • 11>e-baeterial-^eH-jpaeka^«g-systeffl-ef^laiffl4rrwfeeFeiR-fee-i:epeFtef:-ftW€lei€-a€id 

46;—!Bie-ba6terial-€ell-pa6kagiBg-system-of -6laim"l> wherein the replicoB-of -tiie-reporter 

mt-dei€-a€id-ft»le€«te4S"€lei4ve44f©«Mfl-E»ter0€0ee«s4"epS-pfeis-mi4^RgiR--ef 

repWeatio«T 

47_—'{ih e45aeterial-€eH-paekagifig^yste»^«te«H47-wfe«:eift4he-fepHeeft-©f4^ 

48r-—^l^e^aeteffiri^d^jaefeigfflg^j^steBw^elaiffl^rr^vfeeM^Sie^epM^efl-of^he^^epertef 

mielei€-aei4-ffiele€ttle4s-derived4f¥e«i-«hEfltemeeee«s-pWi27S^ptesHHd-e«gift-ef 

pepMeatieftr 

49s—The-baeterial'-eell-paEkagiBg system-of claim l»wher^n--tihe-repli6on-of-the-niieleie-ac4d 

molecule comprises the sequence of SEQ ID N0:8. 

•5&—Tfee-ba€teria4-eeH-paekaging-systeH^of^lai»47^#iereifl4heHH«ft-disr«pted-fH;:st 

S4n—The-ba€terial-€ett-pa€kagifig-systeffl-oMaiffl4rrV\4ieFein4h«-ften-4i£HHipted-#^ 

pa€fegHig-«4tia:ti0»-S'ite«eq»enee-eefH'j3f-ises-a-ees-site 

•Kk—18. The bacterial cell packaging system of anv one of claims 1 to 17. wherein the 

bacteriophage genome comprises an Enterobacteriaceae bacteriophage PI. or 7 

BS~,—The43iie%e«at^4pa€fcag»'g-5ys6e»^f^l€»B^4rwfee«»f#iete€te«©f)feage-geft0»e 

comprises an S. aureus bacteriophage tp80a or a bacteriophage (p ll:, o r 
55 



an E. faecalis bacteriophage cpEFll. 

&&.— The ba€tef4akeH packagiftg^ystem ofclaim lf wherein the bacterial cell comprises an S. 
awe«sh€ettr 

re bacterial cell: packaging system, of claim 1, wherein the bacterial cell eomprises-an E; 

S&—The bacteriak 

Gram-positive cell 

'6#r-^l%e4M€t-ei4al~€elliiacfe.ag«ig'-syste»^#€ 

•F«€r«l«:€)r€ffiy»es-4fteila#Bg~€0i0!4fflrefrie'"FeaeM#fts-(la:€ZF44RP}74l«'e'f^-c^ftl™pF0t€i« 

€2-.—4-h^-biJ€^0f4al~^ell™pa€kagift^ 

comprises an aptamer. 

€:i-A9. 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. 

o*l. 1 lit* bacterial eel^aekagiftg"SysteHi'"0Wai»4-37*lirereift4h€^iW€l€i€^-a€W4r-ansei4pf 

5€€}mm€^4s-€0»^ 
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&&~.—The bacteriaj~€el}^ekagingsystem efelarim l. wbeye^^ acid molecule is 

•ef«^#vely4«^ 

.g7v^Ii%.e4M.e;|:ei4aj.„€£4J...,pa€,fe^ 

fH^leettte4ft4h€-te 

§8:20. The bacterial cell packaging system of any one of claims 1 to 19-47, 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. 

6Q21. 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 to 20-68 

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. 

-7QT22. The method of claim 2169-. wherein the non-replicative transduction particle does not 

contain a replicated bacteriophage genome. 

74-/23. The method of any one of claims 69*21 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. 

7-2.24. 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 2349-

74. 

73?—A-ba-eterial cell packaging system-fer packaging a. nucleic acid molecule into-a-non- replicative 
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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 / 

a reporter 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 the/non-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, comprising: 

a bacteriophage genome comprising a first pair of terminase genes, wherein at 

least one of the first pair of terminase geries is disrupted, rendering the disrupted 

terminase gene non-functional; and / 

- a reporter nucleic acid molecule comprising a reporter gene and a second pair of 

terminase genes that complement 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 facilitate packaging of a replicon of the reporter nucleic acid 

molecule into the NRTP. 

75. 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, comprising: 

a bacteriophage genome comprising a first pair of terminase genes, wherein at 

onlyone of the first pair of terminase genes is disrupted, rendering the disrupted 

terminase gene non-functional; and 

zrreporter 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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