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CLAIMS

What 1s claimed:

1. A bacterial cell packaging system for packaging a reporter nucleic acid molecule into
non-replicative transduction particle, said bacterial cell comprising:

a lysogenized bacteriophage genome tacking a bacteriophage gene encoding &'
packaging initiation site sequence, wherein deletion of said bacterijgj)hage
gene prevents packaging of a bacteriophage nucleic acid molecyfé into said
non-replicative transduction particle; and /

a reporter nucleic acid molecule comprising a second bactcnophcag’c gene, wherein

' said second bacteriophage gene encodes a packaging in ifiation site scquencc
and facilitates the packaging a replica of said reporte}élcieic acid molecule
into said non-replicative transduction particle, whgz‘r/éin said second

bacteriophage gene is capable of expressing a

otein that is encoded by said
gene, wherein said replica of said reporter nycleic acid molecule forms a
replicon amenable to packaging into said ion-replicative transduction particle.

2. The bacterial cell packaging system of claim 1, wlerein said reporter nucleic acid

molecule is opcrativcly linked to a promoter.

3. The bacterial cell packaging system of clair}r}’?,, wherein said promoter is sciected for

contributing to reactivity of a reporter molec}zfe expressed from said reporter nucleic acid

moiecule in said bacterial cell.

4. The bacterial cell packaging systen;/of claim 1, wherein said reporter nucleic acid

molecule comprises an origin of rep iééﬁon.

5. The bacterial cell packaging system of claim 1, wherein said replicon comprises a

concatamer amenable to pac.kz;g’i/ng mto said non-replicative transduction particle.

6. The bacterial cell pdcka}gmg system of claim 1, wherein said first and said second

bacteriophage genes eacl;, compmcs a pacA gene of the Enterobacteriaceae bacteriophage P1

and comprises said pa-:gkagmg initiation site sequence.

| 7. The bacterial cg.kf/packaging system of claim 1, wherein said second bacteriophage gene

comprises the se/qi;ence of SEQ ID NO:9.

8. The bacte/r/{él cell packaging system of claim 1, wherein said replicon is the

Enterobact/ex/iaceae bacteriophage P1 lytic replicon.

/
i
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9, The bacterial cell packaging system of claim I, wherein said replicon comprises a C1
repressor-controlied P33 promoter, a promoter P53 antisense, a repl. gene, and an in-frame
deletion of a kilA gene.
19. The bacterial cell packaging system of claim 1, wherein said replicon comprises of the
sequence of SEQ ID NO:3.
11. The bacterial cell packaging system of claim 1, wherein said first and said second
bacteriophage genes each comprises a small terminase (terS) gene comprising said ;%a/ékaging
initiation site sequence, /

12. The bacterial cell packaging system of claim 1, wherein said terS gene is a8, aureus
_bacteriophage @11 or (800 terS gene. /

13. The bacterial cell packaging system of claim 1, wherein said repiico?/;s derived from a S.

aureus pT181 plasmid origin of replication. g

i4. The bacterial cell packaging system of claim 1, wherein said rqé:on. comprises the

sequence of SEQ ID NO:5. , '

15. The bacterial celi packaging system of claim 1, wherein sdid packaging initiation site

c-site.

sequence of said second bacteriophage gene comprises a
16. The bacterial cell packaging syStem of claim 1, whefein said pac-site of said second
bacteriophage gene comprises the sequence of SEQ D NO:7.

17. The bacterial cell packaging sysiem of claim ¥, wherein said packaging initiation site
sequence of said second bacteriophage géne cetnprises a cos-site.

18. The bacterial cell packaging system of ¢laim 1, wherein said packaging initiation site
sequence of said second bacteriophage é;éne comprises a concatamer junction.

19. The bacterial cell packaging systg;zﬁ of claim 1, further comprising a plasmid comprising
.-said reporter nucleic acid moieculg/

20. The bacterial cell packaging’gystem of claim 1, wherein said second bacteriophage gene
is operatively linked to a pr()ﬁ{oter.

21, The bacterial cell pac;eé’ging system of claim 1, wherein said promoter is an inducible
promoter or a constitu;i’i/f;a promoter.

22, The bacterial cgil”’/f)ackaging system of claim 1, wherein said bacteriophage comprises the
Enterobacteriace/aé/ bacteriophage P1.

23. The bacteyi’éi/l cell packaging system of claim 22, wherein said bacteriophage comprises a
S. aureus t}aéteriophage ¢80e or a bacteriophage ©11.

24. The/b/écteriai cell packaging system of claim 1, wherein said bacterial cell comprises an

E. colf cell.
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25. The bacterial cell packaging system of claim I, wherein said bacterial cell comprises an S.

aureus cell,

26. The bacterial cell packaging system of claim 1, wherein said bacterial cell comprises a
Gram-negative cell. /

27. The bacterial cell packaging system of claim 1, wherein said bacterial cell comprises a

Gram-positive cell.
28, The bacterial cell packaging system of claim 1, wherein said reporter nucleic aci/d

molecule comprises a reporter gene. /.-/

29. The bacteriai cell packaging system of claim 28, wherein said reporter gen /encodes a
detectable and/or a selectable marker. /

30. The bacterial cell packaging system of claim 28, wherein said reporter gene is selected
from the group consisting of enzymes mediating laminescence reaetio)g (luxA, luxB, luxAB,
luc, ruc, nluc), enzymes mediating colorimetric reactions (lacZ, H&ﬁ), fluorescent proteing
(GFP, eGFP, YFP, RFP, CFP, BFP, mCherry, pear-infrared fluogrescent proteins), affinity

peptides (His-tag, 3X-FLAG), and selectable markers (ampC/tet{M), CAT, erm).

31. The bacterial cell packaging system of claim 1, wherein said reporter nucleic acid
molecule comprises an aptamer. /

32. The bacterial cell packaging system of claim 28, Avherein said reporter nucleic acid
molecule comprises a nucleic acid transcript sequeéce that is complementary to a second
sequence in said reporter mucleic acid moleculg’ |
33. The bacterial cell packaging system of cfaim 32, wherein said nucleic acid transcript
sequence is complementary to a ceiiular/‘zémscript.

34. The bacterial cell packaging systt;xﬁ of claim 32, wherein said nucieic acid transcript
sequence comyprises a cis—repressigzg sequence.

35. The bacterial cel packaginfg;"gystem of any one of claims 1-34, wherein said replica of
said reporter nucleic acid :m9l’écu§e comprises a nucleic acid transcript sequence that is
compliementary to a SBCOI}d/ sequence in said replica of said reporter nucieic acid molecule.
36. The bacterial cell ga’ékaging system of claim 35, wherein said nucleic acid transcript
sequence 18 compiemg:ntary to a cellular transcript.

37. The bacteriaé,/éé:ll packaging system of claim 35, wherein said nucleic acid transcript
sequence corr}p{ﬁses a cis-repressing sequence. '

38.A meth;a/d for packaging a reporter nucleic acid molecule into a non-replicative

/ . .
transduction particle, comprising:
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providing conditions to said bacterial cell of any of the claims 1-31 that induce a lytic
phase of said bacteriophage to produce non-replicative transduction particles
packaged with said reporter nucleic acid molecule; and
isolating said non-replicative transduction particle comprising said reporter nucleic
acid molecule,
39. The method of claim 38, wherein said non-replicative transduction particle does no
contain a replicated bacteriophage genome.

40, The method of claim 38, wherein said induction of said lytic phase triggers e_;c-’éision of

said genomic island nucleic acid molecule from said genome of said bacterial
41.. A composition comprising said non-replicative transduction particle£omprising a
replica of said reporter nucleic acid moiecule produced from said metho /éf any one of
claims 38-40. /

42. A bacterial cell packaging system for packaging a reporter nucléic acid molecule into a
non-replicative transduction particle, said bacterial cell compriiiﬁg:

a lysogenized bacteriophage géﬁome comprising a first bacteriophage packaging

initiation site sequence, wherein said first bdcteriophage packaging initiation
site sequeﬁce comprises a mutation that prevents packaging of a bacteriophage
nucleic acid molecule into said non-replicative transduction particle; and
a reporter nucleic acid molecule comprisi}xg a sccond bacteriophage packaging
initiation site sequence, where}mfsaid second bacteriophage packaging
initiation site sequence lacks/said mutation and facilitates the packaging of a
replica of said reporter n}cleic acid molecule into said non-replicative
transduction particle, }vﬁerein said replica of said reporter nucleic acid
molecule forms a rgpiicon for packaging into said non-replicative transduction
£
particle. /
43. The bacterial cell packagiﬁg system of claim 42, wherein said reporter nucleic acid
molecule is operatively 1i_piécci to & promoter.
44, The bacterial celi gaékaging system of claim 43, wherein said promoter is selected for
contributing to reac@:i{;ity of a reporter molecule expressed from said reporter nucleic acid
molecule in said /b’a/tcteriai cell.
45, The bacte/r/iél cell packaging system of claim 42, wherein said reporter nucieic acid
molecule qpﬁlprises an origin of replication,
46. The ’é;cterial‘ cell packaging system of claim 42, wherein said replicon comprises a

concafamer amenable to packaging into said non-replicative transduction particle.
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47. The bacterial cell packaging system of claim 42, wherein said first and said second
bacteriophage packaging initiation site sequences each comprise a packaging initiation site
sequence from a small terminase gene.

48. The bacterial cell packaging system of ciaim 42, wherein said first and said second
bacteriophage packaging initiation site sequences each comprise a pac-site sequence fromd a
pacA gene of the Enterobacteriaceae bacteriophage P1.

49. The bacterial cell packaging system of claim 42, wherein said first bacteriophz%gé/
packaging initiation site sequence comprises SEQ ID NO:2. / ’

r

56, The bacterial cell packaging system of claim 42, wherein said second bac é;‘iophage
packaging initiation site sequence comprises SEQ 1D NO:1. /

51, The bacterial cell packaging system of claim 42, whercin said repiifén COMPTiSCS 4n
Enterobacteriaceae bacteriophage P1 lytic replicon. /

52. The bacterial cell packaging system of claim 51, wherein said/l"/eplicon comprises a C1
repressor-controlled P33 promoter, a promoter P53 antisense, ?/mpL gene, and an in-frame
deletion of a kilA gene. | /
53. The bacterial cell packaging system of claim 42, wheytin said replicon comprises the

sequence of SEQ ID NO:3.

54, The bacterial cell packaging system of claim 42/ wherein said first and said second

bacteriophage packaging initiation site sequences cach comprise a pac-site sequence from a
small terminase (terS) gene of an . qureus b?cériophage 01l or 980c.
35, The bacterial cell packaging system of/éiairn 42, wherein said replicon is derived from a
S. aureus pT181 plasmid origin of repli/cétion.
56. The bacterial cell packaging systg;ﬁx of claim 42, wherein said replicon comprises the
sequence of SEQ ID NO:5. //
57. The bacterial cell packaging'gystem of claim 42, wherein said first bacteriophage
packaging initiation site seq}ténce comprises the sequence of SEQ ID NO:2.
58. The bacterial cell packééing system of claim 42, wherein said second bacteriophage
packaging initiation sijgé(;:equence comprises the sequence of SEQ ID NO:1.
59. The bacterial cqﬁ’;)ackaging system of claim 42, wherein said packaging initiation site
sequence compri/séé a pac-site,

/
60. The bacterial cell packaging system of claim 42, wherein said packaging initiation site
sequence qjgﬁ;prises a cos-site.
61. The bacterial cell packaging system of claim 42, wherein said packaging initiation site
sequefice comprises a concatamer junction.
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62. The bacterial cell packaging systern of claim 42, wherein said mutation in said first
bacteriophage packaging initiation site sequence comprises a silent mutation.

63. The bacterial cell packaging system of claim 42, wherein said mutation in said first
bacteriophage packaging initiation site sequence prevents cleavage of said packaging /
initiation sequence.

64. The bacterial cell packaging system of claim 42, further comprising 4 plasmid compy ising
said reporter nucleic acid molecule. /

65. The bacterial cell packaging system of claim 42, wherein said bacteriophage gd/rnprises
Enterobacteriaceae bacteriophage P1. /

66. The bacterial cell packaging system of claim 42, wherein said bacierioyfagc comprises
the S. aureus bacteriophage ¢11 or 980a. /

67. The bacterial cell packaging system of claim 42, wherein said bac,ce{ial cell comprises an
E. coli cell. /

68. The bacterial cell packaging system of claim 42, wherein sajd bacterial cell comprises an
S. aureus cell.

69. The bacterial cell packaging system of claim 42, wherein said bacterial celi comprises a
Gram-negative bacterial cell.

i
70. The bacterial cell packaging system of claim 42 /&lhercin said bacterial cell compriscs a
7/

yd

71. The bacterial cell packaging system of clairh 42, wherein said reporter nucleic acid

Gram-positive bacterial cell,

molecule comprises a reporter gene.
72, The bacterial cell packaging systern‘ ﬁf claim 71, wherein said reporter gene encodes a
detectable marker and/or a selectable harker.
73. The bacterial cell packaging sy_,z{{em of claim 71, wherein said reporter gene is selected
from the group consisting of: g}*«ﬂ/;:s encoding enzymes mediating luminescence reactions
(luxA, luxB, luxAB, luc, rug,——’hiuc), genes encoding enzymes mediating colorimetric
reactions (lacZ, HRP), gcp’és encoding fluorescent proteins (GEFP, ¢GFP, YFP, RFP, CFP,
BFP, mCherry, near—it}_ff/;rcd fluorescent proteins), nucleic acid molecules encoding affinity
peptides (His-tag, S,X-FLAG), and genes encoding selectable markers (ampC, tet{M), CAT,
erm), | //
74. The bacte}i%ﬁ cell packaging system of claim 71, wherein said reporter nucieic acid
molecule qpfﬁprises an aptamer.
5. The}a’é;cterial cell packaging system of claim 42, wherein said replicon is packaged into
said pon-replicative transduction particle by bacteriophage packaging machinery.
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76. The bacterial cell packaging system of claim 42, wherein said reporter nucleic acid
molecuie comprises a nucleic acid transcript sequence that is complementary to a second
sequence in said reporter nucleic acid molecule.

77. The bacteriai cell packaging system of claim 76, wherein said nucleic acid franscript
sequence is compiementary to a cellular transcript.

78. The bacterial cell packaging system of claim 42, wherein said nucleic acid transc/' t

sequence comprises a cis-repressing sequence. /

79. The bacterial cell packaging system of any one of claims 42-78, wherein sai/d/i:eplica of
said reporter nucleic acid molecule comprises a nucleic acid transcript sequence that is
complementary to a second sequence in said replica of said reporter nucleig acid molecule.
80. The bacterial cell packaging system of claim 79, wherein said nucie/ié acid transcript
sequence is complementary to a cellular transcript. //
81. The bacterial cell packaging system of claim 79, wherein said riucleic acid transeript
Sequence COmprises 4 Cls-repressing sequence. Y,
82. A method for packaging a reporter nucleic acid moleculp/iﬁto a non-replicative
transduction particle, comprising: -
providing conditions to said bacterial cell of ang of the claims 42-75 that induce a
lytic phase of said bacteriophage to pfoduce non-replicative transduction
particles packaged with said repcyrer nucleic acid molecule; and
isolating said non-replicative transduction particle comprising said reporter nucleic
acid molecule. / [
83. The method of claim 82, wherein sa'd/non-replicative transduction particie does not
contain a replicated bacteriophage ge;gme.
84. The method of claim 82, whe;;é{n said induction of said lytic phase triggers excision of
said genomic island nucleic aci/d);nolecule from said genome of said bacterial cell.
85. A composition com}gﬁéing said non-replicative transduction particle comprising a
replica of said reporter nucieic acid molecule produced from said method of any one of

s

claims 82-84. /
86. A bacterial cell p"éfckaging system for packaging a reporter nucleic acid molecule into a
non-replicative tgz{ﬁsduction particle, said bacterial cell comprising:
a }ysoggéi;ized bacteriophage genome comprising a first bacteriophage gene
/ (‘ comprising a deletion of a packaging initiation site sequence of said first
bacteriophage gene that prevents packaging of a bacteriophage nucleic acid
motecule into said non-replicative transduction particle; and
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a reporter nucleic acid molecule comprising & sccond bacteriophage gene comprising
a second packaging initiation site sequence that facilitates the packaging a
replica of said reporter nucleic acid molecule into said non-replicative
transduction particle, wherein said second bacteriophage gene encodes a
protein, wherein said replica of said reporter nucleic acid molecule forms a
replicon for packaging into said non-replicative transduction particle.
87. The bacterial cell packaging system of claim 86, wherein said reporter nucleic ac/i'é
molecule 18 operatively linked to a promoter. /
88. The bacterial cell packaging system of claim 87, wherein said promoter is sélected for
contributing to reactivity of a reporter molecule expressed from said reportey nucleic acid
molecule in said bacterial cell. /,/
89. The bacterial cell packaging system of claim 86, wherein said rep_()ﬁer nucleic acid
comprises an origin of replication. ' //
90. The bacterial cell packaging system of claim 86, wherein Sa}'d/repiicon comprises a
concatamer amenabie to packaging into said non--}rezp1ica‘tive/‘ar’z;nsduc’sior}é particle.
91. The bacterial cell packaging system of claim 74, wher/em said first and said second
bacteriophage genes each comprises a pacA gene of ?@nterobacteriaceae bacteriophage Pl
and comprise said packaging mitiation site sequence
92, The bacterial cell packaging system of ckaim/& . wherein said first bacteriophage gene
comprises the sequence of SEQ ID NO:6. //‘
93. The bacterial cell packaging system of gffaim 87, wherein said second bacteriophage gene
comprises the sequence SEQ ID NO:7. ///
94. The bacterial cell packaging Systgrr/l of claim 86, wherein said replicon comprises an
Enterobacteriaceae bacteriophage/]?’lf lytic replicon.
95. The bacterial cell packagingféystem of claim 94, wherein said replicon comprises a Cl
;
repressor-controlled P53 pr/{yﬁoter, a promoter P53 antisense, a repl. gene, and an in-frame
deletion of a kilA gene, [/
96. The bacterial cell ga‘ékaging system of claim 86, wherein said replicon comprises the
sequence of SEQ ID/{?O:&
97. The bacterial /.é/eﬂ packaging system of claim 86, wherein said first and said second
bacteriophagg/g/enes cach comprises a small terminase (terS) gene comprising said packaging
initiation s;té sequence.
98. The)a"écteria[ cell packaging system of claim 97, wherein said terS gene is a 5. aureus
bacteriophage ©11 or 080 terS gene.
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/

99, The bacterial cell packaging system of claim 86, wherein said first bacteriophage gene
comprises the sequence of SEQ ID NO:8.

160. The bactenal cell packaging system of claim 86, wherein said second bacteriophage
gene comprises the sequence of SEQ ID NO.9,

101. The bacterial cell packaging system of claim 86, wherein said replicon is derived frem
a S, aureus pT181 plasmid origin of replication.

102, The bacterial cell packaging system of claim 86, wherein said replicon comp;iés the
sequence of SEQ 1D NO:3.

103. The bacterial cell packaging system of claim 86, wherein said packdgmgﬁmnatwn site
sequence of said second bacteriophage gene comprises a pac-site.

104, The bacterial cell packaging system of claim 86, wherein said pacKaging inifiation site
sequence of said second bacteriophage gene comprises a cos-site.  /

105. The bacterial cell packaging system of claim 86, wherein S(}lé packaging initiation site
sequence of said second bacteriophage gene comprises a concatafner junction. _

106. The bacterial cell packaging system of claim 86, further comprising a plasmid

comprising said reporter nucleic acid molecule.

167. The bacterial cell packaging system of claim 86/wherein said second bacteriophage
gene is operatively linked to a promoter.

108. The bacterial cell packaging system of clain 107, wherein said promoter 1s an
inducible promoter or a constitutive promoter.

109. The bacterial cell packaging system 6f claim 86, wherein said bacteriophage
comprises the Enterobacteriaceae bacterjophage P1.

116. The bacterial cell packaging S)/sicem of claim &6, wherein said bacteriophage
comprises the S. aureus bacteriopl}a’ée 0¥80a or bacteriophage pl1.

111.  The bacterial cell pdcka/gmg system of claim 86, wherein satd bacterial cell comprises
an E. coli cell. /,f

112. The bacterial cell péckaging system of claim 86, wherein said bacterial cell comprises
an 8. qureus cell. , /
113. The bacteri_a;i/éell packaging system of claim 86, Wherein said bacterial cell comprises
a Gram—negative/ﬁéﬂ.

114. The bgﬁi/érial cell packaging system of claim 86, wherein said bacterial cell comprises
a Gram-positive cell.

115, ﬁ/e bacterial cell packaging system of claim 86, wherein said reporter nucleic acid

moleglile comprises a reporter gene.
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116. The bacterial cell packaging system of claim 115, wherein said reporter gene encodes
a detectable and/or a selectable marker.

117.  The bacterial cell packaging system of claim 62, wherein said reporter gene is
selected from the group consisting of genes encoding enzymes mediating luminescence
reactions (luxA, luxB, luxAB, luc, ruc, nluc), genes encoding enzymes mediating
colorimetric reactions {(lacZ, HRP), genes encoding fluorescent proteins (GFP, eGFP, YAP,
RFP, CFP, BFP, mCherry, near-infrared fluorescent proteins), nucleic acid moleculs}s
encoding affinity peptides (His-tag, 3X-FLAG), and genes encoding selectable ma';kers
(ampC, tet{M), CAT, erm). /

118. The bacterial celi packaging system of claim 86, wherein said repo?ér nucleic acid
molecule compriscs an aptamer. ' S

119. The bacterial cell packaging system of claim 86, wherein said replicon is packaged
into said non-replicative transduction particle by bacteriophage pagléging machinery.

120. The bacterial cell packaging system of claim 86, wherei/n/ ;;aid reporter nucieic acid
molecule comprises a nucleic acid transcript sequence that isomplementary to a second

sequence in said reporter nucleic acid molecuie.

121, The bacterial cell packaging system of claim 120, wherein said nucleic acid transcript
sequence is complementary to a cellular transcript.
122, The bacterial cell packaging system of cl/a;i’r;l 86, wherein said nucleic acid transcript
séqucncc comprises a cis-repressing sequcncc}f
123.  The bactenal cell packaging system,éf any one of claims 86-122, wherein said replica
of said reporter nucleic acid molecule cgﬁ(prises a nucleic acid transcript sequence that is
complementary to a second sequencq/iﬁ said replica of said reporter nucleic acid molecule.
124. The bactenal cell packagix}g/system of claim 123, wherein said nucleic acid transcript
sequence is complementary to ‘c}/’éjeliul ar transcript.
125, The bacterial cell pagk"/aging system of claim 123, wherein said nucleic acid transcript
sequence COmprises a cis;réprcssing sequence.
126. A method for ga(/:kaging a reporter nucleic acid molecule into a non-replicative
transduction particlg{;:ompﬁsing:

providing/éénditioas to said bacterial cell of any of the claims 86-125 that induce a

/l";tio phase of said bacteriophage to produce non-replicative transduction
/ particles packaged with said reporter nucleic acid molecule; and
i/sc/iiaﬁng said non-replicative transduction particle comprising said reporter nucleic
acid molecule.
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127. The method of claim 126, wherein said non-replicative transduction particle does not
contain a replicated bacteriophage genome.
128.  The method of claim 126, wherein said induction of said lytic phase triggers excision
of said genomic island nucleic acid molecule from said genome of said bacterial cell.
129. A composition comprising said non-replicative transduction particle comprising &
replica of said reporter nucleic acid molecule produced from said method of én,y one o
claims 126-128. Va
130. A bacterial cell packaging system for packaging a reporter nucleic acid q’}d/iecule into
a non-replicative transduction particle, said bacterial cell comprising: /

a lysogenized bacteriophage genome lacking a packaging gene and/a)mprising genes

that encode proteins that form said non-replicative transgdction pariicle; and
a genomic island nucleic acid molecule comprising a reporter Aucleic acid molecule
and a packaging gene. ) /
131. The bacterial cell packaging system of claim 130, Wherjﬂé said packaging gene
comprises a small terminase (terS) gene. 7
132. The bacterial cell packaging system of claim 131, &vherein said terS gene comprises a
S. aureus bacteriophage @80c. terS gene or a bacteriophage ¢11 terS gene.
133.  The bacterial cell packaging system of clai?ﬁ 31, whercin said terS gene compriscs
the sequence of SEQ ID NO:9. //
134. The bacterial cell packaging system oyélaim 130, wherein said genomic island
nucleic acid molecule comprises a SaPlbovZ genomic istand nucleic acid molecule.
135.  The bacterial cell packaging sys}ém of claim 130, wherein said genomic island
nucleic acid molecule is selected from/the group consisting of a SaPl, a SaPIl, a SaPI2, &
SaPibov] and a SaPibov2 genomi¢/island nucleic acid molecule.
136. The bacterial cell packa/g’ifrflg systemn of claim 98, wherein said reporter nucleic acid
/

molecule is operatively iinkgd to a promoter.
137. The bacterial cell p“éckaging system of claim 98, wherein said reporter nucleic acid
molecule comprises ar:&,,()/;igin of replication.
138. The bacterigL”é}eii packaging system of claim 130, wherein said bacteriophage
comprises a S. azy‘éus bacteriophage p80a or bacteriophage ol11.
139, The ba/af{erial cell packaging system of claim 130, wherein said bacterial cell
comprises 'c}z{ S aureus cell.
140, ’;ﬁfc bacterial cell packaging system of claim 130, wherein said genomic island

nuclejé acid molecule comprises an integrase gene and wherein said integrase gene encodes
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an integrase protein for excising and integrating said genomic island nucleic acid molecule
out of and into a bacterial genome of said bacterial cell.

141, The bacterial cell packaging system of claim 140, wherein said integrase gene
comprises the sequence of SEQ 1D NO:10.

i42. The bacterial cell packaging system of claim 130, wherein said genomic isiand
nucleic acid molecule is integrated into a bacterial genome of said bacterial cell.

143. The bacterial cell packaging system of claim 130, wherein said genomic isla

nucleic acid molecule can be replicated and forms molecule replicon that is amcngﬁle to
packaging by the bacteriophage packaging machinery in said bacterial cell. /

144, The bacterial cell packaging system of claim 143, wherein said nuc}o{acid molecule
forms a concatamer. /

145.  The bacterial cell packaging system of claim 143, wherein saidteplicated genomic
island nucleic acid molecule is capable of being packaged into said/ffon—replicative
transduction particle. . // ’
146. The bacterial cell packaging system of claim 130, Wyfgin said packaging gene

comprises a pac site sequence.

147.  The bacterial cell packaging system of claim 130, wherein said packaging gene
compriscs a cos-site sequence.
148. The bacterial cell packaging systern of clagm 130, wherein said packaging gene
comprises a concatamer junction. Y,
149. - The bacterial cell packaging system f claim 130, wherein said reporter nucleic acid
molecule comprises a reporter gene. /
150. The bacterial cell packaging s;/étem of claim 149, wherein said reporter gene encodes
a selectable marker and/or a seiec‘g@gle marker.
151. The bacterial cell packa/gi;lg system of claim 149, wherein said reporter gene is

;
selected from the group cons}i-étiﬁg of enzymes mediating luminescence reactions (luxA,
luxB, luxAB, luc, ruc, nhydj enzymes mediating colorimetric reactions (lacZ, HRP),
fluorescent proteins (GFP ¢GFP, YFP, RFP, CFP, BFP, mCherry, near-infrared fluorescent
protcms} affinity peptldcs (His-tag, 3X-FLAQG), and selectable markers (ampC, tet{M), CAT,
erm)
152. The bayz‘tenal cell packaging system of claim 130, wherein said reporter nucleic acid
molecule cofnpme% an aptamer.

e bacterial cell packaging system of claim 130, wherein said genomic island

it acid molecule lacks an integrase gene.
135




WO 2014/160418 PCT/US2014/026536 /

/

154, The bacterial cell packaging system of claim 133, further comprising a bacterial gene
comprising an integrase gene operatively linked to a promoter and wherein said integrase
gene encodes an integrase protein for excising and integrating said genomic island nucleic
acid molecule out of and into a bacterial genome of said bacterial cell.
155. The bacterial cell packaging syster of claim 130, wherein said reporter nucleic aci
molecule comprises a nucleic acid transcript sequence that is complementary to a secon
sequence in said reporter nucleic acid molecule. //
156. The bacterial cell packaging system of claim 155, wherein said nucleic acy{ transcript
sequence is complementary to a cellular transcript.
157. The bacterial cell packaging system of claim 155, wherein said nuc}cnc acid transcript
SEqUENCe Comprises a cis-repressing sequence. 7
158.  The bacterial cell packaging system of any one of claims 130-F57wherein said replica
of said reporter nucleic acid molecule comprises a nucleic acid trar)&:ript sequence that is
complementary to a second sequence in said replica of said repg)/r”t/er nucleic acid molecule.
159. The bacterial cell packaging system of claim 158, v»?ér%:in said nucleic acid transcript
sequence is complementary to a cellular transeript. y,
160. The bacterial cell packaging system of claim 158, wherein said nucleic acid transcript
SCUENCEe COmpTISEs a cis-repressing sequence.
161. A method for packaging a reporter nucleig’acid molecule mto a non-replicative
transduction ;)article, comprising:
providing conditions to said bacte?{ cell of any of the claims 130-160 that induce a
lytic phase of said bactely)phage to produce non-replicative transduction
particles packaged wigh/said reporter nucleic acid molecule; and
isolating said nomrepiicaﬁ/)fé# transduction particle comprising said reporter nucleic
acid molecule. //'/’
162. The method of claim /1'252, wherein said non-replicative {ransduction particle does not
contain a replicated bacteﬁéphage genome,
163.  The method of,("fiaim 161, wherein said induction of said lytic phase triggers excision
of said genomic isigﬂf& nucleic acid molecule from said genome of said bacterial cell.
164. A compo;i%ion comprising said non-replicative transduction particle comprising a
replica of saic/i/féporter nucleic acid molecule produced from said method of any one of
claims 161’7/1 63.

165, ;‘x/method for detecting a presence or an absence of a bacterial cell in a sample,

comprising:
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introducing into a sample a non-replicative transduction particle comprising a reporter
gene encoding a reporter molecule and lacking a bacteriophage genome under

conditions such that said non-replicative transduction particle can transduce

said bacterial cell and wherein said reporter gene can be expressed in said
bacterial cell;
providing conditions for activation of said reporter molecule; and
detecting for a presence or an absence of a reporter signal transmitted from said

A
expressed reporter molecule, wherein a presence of said reporter/s’ignal
/£

correctly indicates said presence of said bacterial cell. 7
166. The method of claim 165, wherein said method produces at least S/O‘éspcciﬁcity of
detection with reference to a standard. /

g

167. The method of claim 165, wherein said method produces at lehst 90% specificity of

/a

168. The method of claim 165, wherein said method achiev? at least 95% specificity of

detection with reference to a standard.

detection with reference to a standard.

169. The method of claim 165, wherein said method achieves at least 80% sensitivity of
detection with reference to a standard.
170. The method of claim 165, wherein said method achieves at least 85% sensitivity of
detection with reference to a standard.
171, The method of claim 165, wherein sa}d‘ method achieves at least 90% sensitivity of
detection with reference to a standard.
172. The method of claim 165, where)'/said method achieves at least 95% sensitivity of
detection with reference to 8 Standargif/
173.  The method of claim 165, {_W?icrein said method achieves at least 95% specificity of
detection and at least 90% sans/iﬁ'/;rity of detection with reference to a standard.

/
174. The method of any 0}153 of claims 166-173, wherein said standard is a Gold standard.
175.  The method of cl@i‘(fx 165, wherein said bacterial cell comprises a Methicillin
Resistant Staphylocochf; aureus (MRSA) cell. |
176. The m.ethodp"% claim 163, wherein said bacterial cell comprises a Methicillin
Sensitive Staphyﬁéoccus aurens (MSSA) cell,
177. The m;zt’ﬁod of claim 165, wherein said reporter gene encodes a detectable or
selectable mﬁ/l’ker.
178. Tﬁé method of claim 165, wherein said reporter gene is selected from the group

/
consigfing of genes encoding enzymes mediating luminescence reactions (luxA, luxB, luxAB,
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luc, ruc, nluc), genes encoding enzymes mediating colorimetric reactions (lacZ, HRP), genes
encoding fluorescent proteins (GFP, eGFP, YFP, RFP, CFP, BFP, mCherry, near-mnfrared
fluorescent proteins), nucleic acid molecules encoding affinity peptides (His-tag, 3X-FLAG),
and genes encoding selectable markers (ampC, tet(M), CAT, erm).

179. The method of claim 165, wherein said reporter gene is operatively linked to a

constitutive promoter,

186. The method of claim 165, wherein said reporter signal can be detected from 34}3})10
at a limit of detection (LoD} of less than 1,000 colony forming units (CFU). /

181.  The method of claim 165, wherein said reporter signal can be detected ffom a sample
at a limit of detection (LoD) of less than 100 colony forming units (CFU). Y

182. The method of claim 163, wherein said reporter signal can be degeétcd from a sample
at a limit of detection (LoD) of less than 10 colony forming units (CFU).

183. The method of claim 182, wherein said reporter signal can péf:tected from a sample
at a LoD less than five CFU. //
184. The method of claim 183, wherein said reporter signal/c/an be detected from a sample
at a LoD of three or less CFU.

185. The method of claim 165, further comprising prgviding an antibiotic to said sample at

a pre-determined concentration and detecting a preseice or absence of said reporter signal to

determine whether said bacterial cell is resistant o sensitive to said antibiotic.
186. The method of claim 165, further comprising providing varying pre-determined
concentrations antibiotic to said sample and/detecting the amount of said reporter signal to
determine the mimimum mhibitory conc/e;ntration of said bacterial cell to said antibiotic.
187. A composition comprising: / /
a nucleic acid construct th@tféncodes a nucleic acid reporter transcript that is capable
of forming at Ie:?s‘{two conformations comprising:
a first confor/x/n’étion that prevents reporter expression comprising an
in@efgnolccular double stranded region comprising a first subsequence
;ﬁ/d a second subsequence, and
a scq;aﬁd conformation that lacks said intramolecular double-stranded region
/.// and aliows reporter gene expression,
/(;/herein conversion between said first and second conformations 1s mediated
)

/ by competitive binding of a cellular transcript to said first and/or said

/ second subsequence.
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188. The composition of claim 187, further comprising a non-replicative transduction
particle comprising said nucleic acid construct.

189. The composition of claim 187, wherein said competitive binding of said cellular
transcript to said first and/or said second subsequence results in said second conformation of
said nucleic acid reporter construct.

190. The composition of claim 187, wherein said first subsequence or said second
subsequence comprises a cis-repressing sequence.

191. The composition of claim 190, wherein said cis-repressing sequence com/pr/ises a
scquence that is complementary or substantially complementary to a portion of/said cellular
transcript. / /

192. The composition of claim 187, wherein said first subsequence oas’éid second
subsequence comprises a reporter gene sequence. 4//
193. The composition of claim 192, wherein said reporter gene séquence comprises a
ribosome binding site. , //

194. The composition of claim 192, wherein satd reporter ene sequence encodes a
detectabie molecule.

195,  The composition of claim 194, wherein said detéctable marker comprises a
fluorescent molecule or an enzyme capable of msdi?t{ng a luminescence or colorimetric
reaction.

196. The composition of claim 192, where/ifn said reporter genc sequence encodes a
selectable marker. /

197. The composition of claim 196, “/rhcrein said selectable marker comprises an antibiotic
Tesistance gene. /

198.  The composition of claim 187, wherein said first subsequence and said second
subsequence are located cis to f}‘d’éh other on said nucleic acid construct to form said
intramolecular double strand/e’& region.

199. The composition (_)/f/ claim 187, wherein said first subsequence and said second
subsequence are comp}!eﬁentary or substantially complementary to each other to form said
intramolecular doublé/stranded region.

206. The comgz)’éition of claim 187, wherein said first subsequence or said second
subsequence (}f ?;aid first conformation comprises a transcriptional enhancer sequence, and
wherein sa/ij;zf franscriptional enhancer sequence is upstream from a coding region of said

'l
reporter gene sequence.
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201. The composition of claim 187, wherein said first conformation of said nucleic acid
reporter transcript is capable of binding to a cleaving enzyme.

262. The composition of claim 187, wherein said first conformation of said nucleic acid
reporter transcript 1s a target for degradation by a cellular enzyme.

263. The composition of claim 187, wherein said first conformation comprises & non-
binding intramolecular region.

204. The composition of claim 203, wherein said non-binding intramolecular region is
located 37 of said first subsequence and 5° of said second subsequence. /,«'/
205. The composition of claim 203, wherein said non-binding intramolecul ?regiﬂn
comprises a sequence YUNR, wherein Y is a pyrimidine, ¥ is a Uracil, N

and R is a purine, _ s

i any nucicofide,

206. The composition of claim 187, wherein said first subsec;uenc/ef’or said second
subsequence comprises a modified sequence of said cellular transg/{ipt.

207. The composition of ¢laim206, wherein said modified sc;féence comprises a nucleotide
substitution. /

208. The composition of claim206, wherein said modified sequence comprises a sequence
insertion, & deletion or an inversion of said cellular tragscript.

209. A composition comprising:

a nucleic acid construct that encodes a nyc{eic acid reporter transcript comprising a
gene reporter sequence and th%f'is capable of forming at [cast two
conformations of said nuclej¢ acid reporter transcript,

a first unstable conformeyxon that prevents translation of said reporter gene
sequence m saiff nucleic acid reporter franscript, and
a second stable con ormation resulting from binding of said first unstable
confom}afégon with a cellular transcript, said second stable secondary
confo/vfhation allowing translation of said reporter gene sequence of
sa%gi/llaucleic acid reporter transcript.
210. The compositic}rf of claim 209, further comprising a non-replicative transduction
particle comprising s‘éid nucleic acid construct.
211, The compééition of claim 209, wherein said celiular transcript binds at a 3’UTR
sequence of q;ic{ nucleic acid reporter transcript.
212. Thgébmposiﬁon of claim 209, wherein said second stable secondary conformation is

P
formed}::ﬂr cleavage of a portion of a sequence of said first unstable secondary conformation.

140




WO 2014/160418 PCT/US2014/026536

213. The composition of claim 209, whercin said reporter gene sequence encodes a
detectable molecule, /
214, The composition of claim 213, wherein said detectable marker comprises a

fluorescent molecule or an enzyme capable of mediating a luminescence or colorimetric
reaction.

215.  The composition of claim 209, wherein said reporter gene sequence encodes a /
selectable marker, /-/

216. The composition of claim 215, wherein said selectable marker comprises ar{ antibiotic
resistance gene.

217. A composition comprising: /

a nucleic acid construct that encodes a nucieic acid reporter transcript comprising a
reporter gene sequence and that is capable of forming at'least two
conformations of said nuclei¢ acid reporter transcript, comprising:

a first conformation that prevents further transcri 50;1 of said nucleic acid
construct, and
a second conformation formed upon bindir}g’ of said first conformation with a
cellular transeript, wherein said sécond conformation allows
transcription of said nucleic aetd construct.
218. The composition of claim 217, further comprising a non-replicative transduction
particle comprising said nucleic acid construct,”
219.  The composition of claim 217, wheréin said nucleic acid reporter transcript comprises
4 Cls-repressing sequence.
220. The composition of claim 21%/ wherein said nucleic acid reporter transcript comprises
a reporter gene sequence. ) /
221.  The composition of clai}r’{/ZZO, wherein said first conformation forms from a binding
of said cis-repressing sequeyfé to said reporter gene sequence.
222,  The composition 9f claim 221, wherein said first conformation is a substrate for a
cleaving enzyme. /'J
223. The composi»fion of claim 218, wherein said first conformation of said nucleic acid
reporter transcri;;f/éomprises a sequence that forms a transcription termination structure.
224. The cgzi;position of claim 223, wherein binding of said celluiar transcript to said
sequence t;:ré/t/ forms a transcription termination structure results in cleavage of a portion of

s
said nucléic acid reporter transcript and formation of said second conformation.
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225,

A vector comprising a regulatory sequence operably linked to a nucleic acid sequence

that encodes said nucleic acid reporter transeript of claims 187-224.

226.

227.

A method for detecting a target transcript in a cell, comprising:

introducing into said cell said nucleic acid reporter construct of ciaims 187-224; and

detecting the presence or absence of an output signal from said cell, wherein said
presence of said output signal indicates the presence of the target transcrigt in

said cell, /

The method of claim 226, further comprising detecting a presence of a baqjsé'ﬁal cell
y;

based on detecting said presence of said target transcript, S

228.

229,

230.

231,

A method for detecting a presence of a bacterial cell in a sample comprising:

introducing into said sample said nucleic acid reporter construct 9f claims 187-224;
and ' // |

detecting the presence or absence of an output signal from ‘}d’i/d sample, wherein said
presence of said output signal indicates the prese}réc of the bacterial cell in
said sample. !

A kit, comprising: /

a compartment for holding a sample comprising/4 cell and said nucleic acid reporter
comstruct of claims 187-224; and

mstructions for detecting the presence or alisence of an output signal from said
sample, wherein the pfesencc of'the output-signal indicates the presence ofa
target transcript in said cell, /

A composition, comprising: /

a non-replicative transductior%{,ﬁérti{:le comprising a nucleic acid reporter construct,
the nucleic acid rep;zf'/ter construct comprising a first promoter operatively
linked a reporter/g/éne, wherein said first promoter is capable of being induced

r/p/rotein endogenous in a bacterial cell.

A method for deteptfing a presence of a bacterial cell in a sample comprising!

by an induce

contacting said’,s’é,mpie with a non-replicative transduction particic comprising nucieic
acid pe’%;orter construct comprising a first promoter operatively linked to a
rep’érter gene, wherein said first promoter is capable of being induced by an
/i'r/aducer protein endogenous to said bacterial cell; and
detf;d{ing the presence or absence of an output signal from said reporter gene, wherein
! said presence of said output signal indicates the presence of said bacterial cell
in said sample.
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232. The method of claim 231, wherein said first promoter is the same as an inducible
promoter operatively linked to a target nucleic acid moiecule in said bacterial cell.

233. A composition, comprising:

a non-replicative transduction particle comprising a nucleic acid reporter construct,
the nucleic acid reporter construct comprising a reporter gene that encodes/
reporter molecule, the non-replicative transduction particle capable of eritering
a bacterial celi; and /

a caged substrate that exogenous to said bacterial cell that once un-cagec}/fg capable of
reacting to said reporter molecule 1n said cell. /

234. A method for detecting a presence of a bacterial cell in a sample co}{prising:
contacting said sample with a caged substrate and a non-replicat 'ﬁ/e transduciion
pariicle comprising a nucleic acid reporter construct, /tflgnucleic acid reporter
construct comprising a repoﬁez gene that encodes zg/l{eporter molecule, the
caged substrate exogenous to said cell that once in-caged is capable of
binding to said reporter molecule in said bact i’"/iak cell; and
detecting the presence or absence of an output signal from said reporter moiecule,

wherein said presence of said output sighal indicates the presence of said

bacterial cell in said sample.
235.  The method of claim 234, whercin a ta?ct enzyme in said cell binds said caged

substrate to produce an un-caged substrate.
£

236. The method of claim 235, wherein id un-caged substrate reacts with said reporter
molecule to produce said output signal. /
237. A composition, comprising: /

a non-replicative transduc‘gié;fl particic comprising a nucleic acid reporter construct,
the nucleic acid reporter construct encoding a switchable molecule capable of
binding to a gai":get molecule in a bacterial cell to form a complex; and

a substrate capab}g’/of penetrating said cell and binding said complex to produce a
detectablc signal from said cell.

238. A method fqr"';ietecting a presence of a bacterial cell in a sample comprising:
contacting’fc;aid sample with a substrate and a non-replicative transduction particle
/éfomprising a nucleic acid reporter construct encoding a switchable molecule,
/ the switchable molecule capable of binding a target molecule in said cell to
/

/ form a complex, the substrate capable of binding said complex to form &

substrate-bound complex; and
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deteeting the presence or absence of an output signal from said substrate-bound
complex, wherein said presence of said output signal indicates the presence of
said bacterial cell in said sample.
239.  The method of claim 238, wherein binding of said switchable molecule to said target
molecule produces a conformational change in said switchable molecule.
240. The method of claim 239, wherein said conformational change in said switchayé

molecule allows said substrate to bind to said complex. /

144




CLAIMS

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

a non-replicative transduction particle, said bacterial cell comprising:

- a lysogenized bacteriophage genome comprising a first bactertophage gene
comprising a deletion of a packaging initiation site sequence of said first
bacteriophage gene that prevents packaging of a bacteriophage nucleic acid
molecule into said non-replicative transduction particle; and

- a reporter nucleic acid molecule comprising a second bacteriophage gene
comprising a second packaging initiation site sequence that facilitates the
packaging a replica of said reporter nucleic acid molecule into said non-
replicative transduction particle, wherein said second bacteriophage gene
encodes a protein, wherein said replica of said reporter nucleic acid molecule
forms a replicon for packaging into said non-replicative transduction particle.

2. A bacterial cell packaging system for packaging a reporter nucleic acid molecule mto

a non-replicative transduction particle, said bacterial cell comprising:

- a lysogenized bacteriophage genome lacking a bacteriophage gene encoding a
packaging initiation site sequence, wherein deletion of said bacteriophage
gene prevents packaging of a bacteriophage nucleic acid molecule into said
non-replicative transduction particle; and

- a reporter nucleic acid molecule comprising a second bacteriophage gene,
wherein said second bacteriophage gene encodes a packaging initiation site
sequence and facilitates the packaging a replica of said reporter nucleic acid
molecule into said non-replicative transduction particle, wherein said second
bacteriophage gene is capable of expressing a protein that is encoded by said
gene, wherein said replica of said reporter nucleic acid molecule forms a
replicon amenable to packaging into said non-replicative transduction particle.

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

a non-replicative trapsduction particle, said bacterial cell comprising:

- a lysogenized bacteriophage genome comprising a first bacteriophage
packaging initiation site sequence, wherein said first bacteriophage packaging
initiation site sequence comprises 2 mutation that prevents packaging of a
bacteriophage nucleic acid molecule into said non-replicative transduction

particle; and
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- a reporter nucleic acid molecule comprising a second bacteriophage packaging
initiation site sequence, wherein said second bacteriophage packaging
initiation site sequence lacks said mutation and facilitates the packaging of a
replica of said reporter nucleic acid molecule into said non-replicative
transduction particle, wherein said replica of said reporter nucleic acid
molecule forms a replicon for packaging into said non-replicative transduction
particle.

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

a non-replicative transduction particle, said bacterial cell comprising:

- a lysogenized bacteriophage genome lacking a packaging gene and comprising
genes that encode proteins that form said non-replicative transduction particle;
and

- a genomic island nucleic acid molecule comprising a reporter nucleic acid
molecule and a packaging gene.

The bacterial cell packaging system of any of claims 1 to 4, wherein said reporter

nucleic acid molecule is operatively linked to a promoter.

The bacterial cell packaging system of any of claims 1 to 4, wherein said reporter

nucleic acid molecule comprises an origin of replication.

The bacterial cell packaging system of any of claims 1 to 3, wherein said replicon

comprises a concatamer amenable to packaging into said non-replicative transduction

particle.

The bacterial cell packaging system of claim 1 or claim 2, wherein said second

bacteriophage gene comprises the sequence of SEQ ID NO:9.

The bacterial cell packaging system of claim 1, wherein said first bacteriophage gene

comprises the sequence of SEQ ID NO:8. '

The bacterial cell packaging system of claim 1 or claim 2, wherein said first and said

second bacteriophage genes each comprises a small terminase (terS) gene comprising

said packaging initiation site sequence, optionally wherein said terS geneisa S,

aureus bacteriophage ¢11 or ©80u terS gene.

The bacterial cell packaging system of claim 3, wherein said first and said second

bacteriophage packaging initiation site sequences each comprise a packaging

initiation site sequence from a small terminase gene, or wherein said first and said

second bacteriophage packaging initiation site sequences each comprise a pac-site
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12.

13.

14.

15.

i6.

17.

18.

19.

20.

21.

sequence from a small terminase (terS) gene of an S. aureus bacteriophage @il or
0800.

The bacterial cell packaging system of claim 4, wherein said packaging gene
comprises a small terminase (terS) gene, optionally wherein said terS gene comprises
a S, aureus bacteriophage @80a terS gene or a bacteriophage ¢l 1 terS gene, or
optionally wherein said terS gene comprises the sequence of SEQ ID NO:9.

The bacterial cell packaging system of any of claims 1 to 3, wherein said replicon is
derived from a S. aureus pT181 plasmid origin of replication.

The bacterial cell packaging system of any of claims 1 to 3, wherein said replicon
comprises the sequence of SEQ ID NO:3.

The bacterial cell packaging system of any of claims 1 to 4, wherein said packaging
initiation site sequence of said second bacteriophage gene or said packaging gene
comprises a pac-site.

The bacterial cell packaging system of any of claims 1 to 3, further comprising a
plasmid comprising said reporter nucleic acid molecule.

The bacterial cell packaging system of claim 1 or 2, wherein said second
bacteriophage gene is operatively linked to a promoter, optionally wherein said
promoter is an inducible promoter or a constitutive promoter.

The bacterial cell packaging system of any of claims 1 to 4, wherein said
bacteriophage comprises a S. aureus bacteriophage ¢80a or a bacteriophage ¢l1.

The bacterial cell packaging system of any of claims 1 to 3, wherein said bacterial cell
comprises:

an £. coli cell;

a Gram-negative cell; or

a Gram-positive cell.

The bacterial cell packaging system of any of claims 1 to 4, wherein said bacterial cell
comprises an S. aureus cell.

The bacterial cell packaging system of any of claims 1 to 4, wherein said reporter
nucleic acid molecule comprises a reporter gene,

optionally wherein said reporter gene encodes a detectable and/or a selectable marker,
or optionally wherein said reporter gene is selected from the group consisting of genes
encoding enzymes mediating luminescence reactions (luxA, luxB, luxAB, luc, ruc,
nluc), genes encoding enzymes mediating colorimetric reactions (lacZ, HRP), genes

encoding fluorescent proteins (GFP, eGFP, YFP, RFP, CFP, BFP, mCherry, near-
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infrared fluorescent proteins), nucleic acid molecules encoding affinity peptides (His-

tag, 3X-FLAG), and genes encoding selectable markers (ampC, tet(M), CAT, erm).

The bacterial cell packaging system of claim 4, wherein said genomic island nucleic

acid molecule:

a) comprises a SaPIbov2 genomic island nucleic acid molecule;

b) is selected from the group consisting of a SaP, a SaPIl, a SaPI2, a SaPIbovl and a

SaPibov2 genomic island nucleic acid molecule;

¢) comprises an integrase gene and wherein said integrase gene encodes an integrase

protein for excising and integrating said genomic island nucleic acid molecule out of

and into a bacterial genome of said bacterial cell, optionally wherein said mtegrase
gene comprises the sequence of SEQ ID NO:10;

d) is integrated into a bacterial genome of said bacterial cell;

¢) can be replicated and forms molecule replicon that is amenable to packaging by the

bacteriophage packaging machinery in said bacterial cell, optionally wherein said

nucleic acid molecule forms a concatamer, or optionally wherein said replicated
genomic island nucleic acid molecule is capable of being packaged into said non-
replicative transduction particle; or

f} lacks an integrase gene, optionally further comprising a bacterial gene comprising

an integrase gene operatively linked to a promoter and optionally wherein said

integrase gene encodes an integrase protein for excising and integrating said genomic
island nucleic acid molecule out of and into a bacterial genome of said bacterial cell.

A method for packaging a reporter nucleic acid molecule into a non-replicative

fransduction particle, comprising:

- providing conditions fo said bacterial cell of any of the preceding claims that
induce a lytic phase of said bacteriophage to produce non-replicative
transduction particles packaged with said reporter nucleic acid molecule; and

- isolating said non-replicative transduction particle comprising said reporter
nucleic acid molecule, optionally wherein said non-replicative fransduction
particle does not contain a replicated bacteriophage genome, or optionally
wherein said induction of said Iytic phase triggers excision of said genomic
island nucleic acid molecule from said genome of said bacterial cell.

The method of claim 23, wherein said non-replicative transduction particle does not

contain a replicated bacteriophage genome.
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The method of claim 23, wherein said induction of said lytic phase triggers excision
of said genomic island nucleic acid molecule from said genome of said bacterial cell.
A composition comprising said non-replicative transduction particle copprising a
replica of said reporter nucleic acid molecule produced from said method of any of

claims 23 to 25.
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