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Table S1. Inactivating CRISPR-Cas eliminates persister cell resuscitation on glucose agarose
gel pads. Single persister cells were observed using light microscopy (Zeiss Axio
Scope.Al). The total number and waking number of persister cells are shown after 6 hours
on 0.4 wt% glucose minimal medium. Fold-change in waking is relative to BW25113.
These results are the combined observations from two independent experiments
(independent culture results separated by “/””), and standard deviations are shown. Sample
microscope images are shown in Fig. 1.

Gl ey ovwaking UL
BW25113 504/382  199/248 52+ 18 1
Acas?2 516/677 6/15 1.7+£0.7 -30.9
Aspacer 323/174 10/7 3.6 £0.7 -14.6
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Table S2. Inactivating CRISPR-Cas causes cell death and ghost cell formation. For resuscitated
cells, persister cells were washed with PBS twice, resuscitated by M9 0.4% glucose for
10 min and stained with LIVE/DEAD reagents. Exponential cells were grown to a
turbidity of 0.8 (at 600 nm) and stationary cells were grown to turbidity of 2.0. The ghost
cells in the persister population were visualized using a Zeiss Axioscope.A lmicroscope.
The results are the combined observations from two independent experiments
(independent culture results separated by “/””). The microscope images are shown in Fig.
1AB and Fig. S6.

Strains Total Dead Ghost % Ghost fold- % fold-
cells cells cells cells change dead change
ghost cells dead cells
Resuscitated BW25113 52/115 2/7 0/1 0.6 1 54 1
Acas2 142/106  54/38  38/13 20.6 34 37.1 6.9
Aspacer 1617221  76/76 - - - 37.8 7.0
Exponential BW25113 153/147 0/2 - - - 0.7 1
Acas2 59/40 vz - - - 34 4.9
Aspacer 95/146 1/5 2.1 3.15
Stationary BW25113 492/123 1/0 0.1 1
Acas2 1136/173  14/18 - - - 1.13 11.2
6
Aspacer 200/113 19/8 8.26 81.3
AcasE 208/175 9/10 - - - 5.02 494
A9 Acas2 833/1541 10/13 - - - 1.02
Aspacer3 136/297 8/73 - - - 15.23
Aspacer12 5137396  213/92 - - - 32.38
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Table S3. CRISPR-Cas does not affect cryptic prophage excision in stationary cells but
produces the CRISPR array. (A) Fold changes in excision are relative to the wild-type
strain as determined by qPCR. (B) Fold changes in the CRISPR array are relative to the
wild-type strain as determined by qRT-PCR (the Aspacer strain was used as a negative
control). Cycle numbers (C,) are indicated for each sample including that for the target
genes as well as that of the house-keeping gene, purM, which was used to normalize the
data. cas2 served to inactivate crRNA production due to a polar mutation. Fold changes
in the transcription of various targets (i.e., cryptic prophage CP4-57, el4, DLP-12,
Spacer3, and Spacer12) with and without cas2* (cas2*/cas2-) were calculated as described
earlier [42]:

2A'(Ct targeticaSZJr'Ct purMicaSZJr)/ 2/\'(Ct targeticaSZ—‘Ct purMicaSZ-)

(A) gPCR
Gene purM CP4-57 el4 DLP-12
Strain WT cas? WT cas? WT cas? WT cas?
9.30 9.70 30.45 30.37 16.30 17.45 30.58 30.05
T +0.13 +0.18 +1.73 +0.68 +0.06 +0.51 +0.49 +0.5
AC 21.16 20.67 7.00 8.16 21.29 20.35
' £173 +070  +0.15  +0.54  +0.51  +0.53
-0.48 1.16 -0.94
AACT
+0.7 +0.54 +0.53
fold 1.40 -2.23 1.92
(B) qRT-PCR
Gene purM Spacer3 Spacer12
Strain WT cas? spacer WT cas?2 spacer WT cas?2 spacer
C 25.3 222 22.0 30.68 24.35 - 33.60 27.12 -
T +0.5 +0.5 +£0.2 +1.73 +0.93 +1.20 +1.22
5.37 2.19 - 8.28 4.96 -
ACt
+1.08 +1.1 +1.31 +1.32
-3.20 - -3.33 -
AACT
+1.51 +1.86
fold 9.11 -00 10.02 -00
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Table S4. E. coli bacterial strains and plasmids utilized.

Strains and Plasmids Features Source
Strains
BW25113 rrmB3 AlacZ4787 hsdR514 A(araBAD)567 [43]
A(rhaBAD)568 rph-1
BW25113 Acasl Acasl, QKm® [43]
BW25113 Acas? Acas2, QKm® [43]
BW25113 Acas2 AKm? Acas2, AKmR this work
BW25113 Acas3 Acas3, QKmR [43]
BW25113 AcasA AcasA, QKmR [43]
BW25113 AcasB AcasB, QKmR [43]
BW25113 AcasC AcasC, QOMr [43]
BW25113 AcasD AcasD, QKmR [43]
BW25113 AcaskE AcasE, QKmR [43]
BW25113 Aspacer A(13 spacer region), QKmR [11]
(also called BW39292)
BW40114 placuv5::cas3 paraB8p::casABCDE12spacers [44]
BW25113 Aspacer3 A(spacer region 3), AKm® this work
BW25113 Aspacer12 A(spacer region 12), AKmR this work
BW40114 BW25113 lacUV5::cas3 araB8p::casABCDE12 [44]
BWI15113 A9 BW15113 lacking all 9 cryptic prophages [13]
BWI15113 A9 cas2? BWI15113 A9 cas2, AKm® this work
ssrA ssrA, QKmR [45]
Plasmids
pCA24N Cm®; lacH [39]
pCA24N_cas? Cm®; lacl?, Prs.aci:cas2” [39]
pKD4 FRT::Kan®::FRT, Amp® [40]
pCP20 FLP synthase, Amp® [40]
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Table S5. Primers used in this study for qRT-PCR and qPCR. * indicates excision primers.

Gene Sequence (5’ to 3°)
qRT-PCR
purM F: CGGTGTTGATATTGACGCGGG

R: CAGCACGGGTTCACGATATTTTTG
ydfD (Qin) F: TCAGCATTTGTGCTTGTTCTG

R: CTGCCGGGATTTCGATATTA
hokD (Qin) F: GCCCTGATCGTCATCTGTTT

R: AGCTGTGAAGACAGCGACCT
ypjF (CP4-57) F: TATGGCCTGACACTGAACGA

R: GTTGTTGCCACGAAAATCCT
rzoD  (DLP- F: TGCTCTGCGTGATGATGTTG
12) R: TCTCTCTGAGGGTGAAATAATCC
essD  (DLP- F: CTCACAGTGGGCAGCAATAG
12) R: TATTCACCTCTCGCAGCCTT
Spacer3 F: GATAAACCGCTTTCGCAGAC

R: AGAAATTCCAGACCCGATCC
Spaceri?2 F: AACGCCTGAACCGAGAGTT

R: CTGGGAGTTCTACCGCAGAG
qPCR
*CP4-57 F: AAGCATGTAGTACCGAGGATGTAGG

R: TATGTCTCCTCACCGTCTGGTCGG
*el4 F: GTGCAAACATCGGTGACGAA

R: TTCAGCAGCTTAGCGCCTTC
*DLP-12 F: CAAAAGCCATTGACTCAGCAAGG

R: CGGATAAGACGGGCATAAATGA
purM 400 F: CTGATTGCACTCGGTTCCAG

R: CGTTTTCACCGTTGGCATTG
Spacer 3-1 F: CATGCAATTACAACATCAGGGTA

R: GCCATTGGTAAAACCTTCCA
Spacer 3-2 F: AAATTCCGAAAAAGCTCCTGA

R: TGCTTTCAAGATTATGGCGTA
Spacer 6 F: CACGAAAGCCAGCCTATTCC

R: CCGCTGTTTCTTTCTCCAGG
Spacer 8 F: GCCAGCATAATGAGATCGGC

R: TTTTACCCAAACTCAGCGCG
Spacer 11 F: TGTGCAGTTGTACCAGTGGA

R: CAACCCAGCAAAGTTTCGGA
Spacer 12-1 F: TGTATGTGCCCCGGTGTTAT

R: GCAGATGAAGGCGCATTACA
Spacer 12-2 F: AGCTTTACACCTCGGCTCAT

R: CCGGAACTCTTGTGTTGGTG
Spacer 12-3 F: TCTACAGGGAAAGGACGACC

R: CTCTGCAACCAAAGTGAACCA
Spacer 13 F: ACAACCACTATCGCCCCTTT

R:GGTAAGGCTGCATTGGGAAG
Deletions
cas2 F: ACCTTAATGTAACATTTCCTTATTATTAAAGATCAGCTAATTCTTTGTTTGT

GTAGGCTGGAGCTGCTTC
R: CATTCCGCTTCCTGTTTCACTGGGAGATGCAGGCCATCGGAGTAGCTGA
ACATATGAATATCCTCCTTAG

Spacer 3 F: GCTGGCGCGGGGAACTCGCGACCGCTCAGAAATTCCAGACCCGATCCAA

R

AGTGTAGGCTGGAGCTGCTTC

: AAAGGTGATGCCGAACACGCTGAGTTCCCCGCGCCAGCGGGGATAAACC

GCATATGAATATCCTCCTTAG
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Spacer 12 F: CAGAGGCGGGGGAACTCCAAGTGATATCCATCATCGCATCCAGTGCGCC
CGTGTAGGCTGGAGCTGCTTC
R: GGTTTGCAACGCCTGAACCGAGAGTTCCCCGCGCCAGCAGGGATAAACC
GCATATGAATATCCTCCTTAG
Verification for cas2 and Spacer

cas2 F: GAAAATGTACCTCCGCGCTT
R: CCATCCAAATCTACCGGGGT
Spacer F: GGATCGGGTCTGGAATTTCT

R: GGGGAACTCGTAGTCCATCA

Song et al., Pennsylvania State University 7
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Supplementary Figure S1. Growth curves for Acasl, Acas2, cas3, AcasA, AcasB, AcasC,
AcasD, and AcasE in M9 glucose medium at 37°C. Turbidity at 600 nm shown, and error bars
indicate standard deviations from two independent cultures.
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Supplementary Figure S2. Removing the kanamycin marker from the E. coli Acas2 Qkan® strain
to create the Acas2 Akan® strain (A) increased growth in M9 glucose medium at 37°C (turbidity at
600 nm shown and error bars indicate standard deviations from two independent cultures) and (B)
reduced toxicity via the LIVE/DEAD assay for stationary cells showing the polar mutation due to
the kanamycin marker in the Acas2 Qkan® strain inhibits spacer formation, which results in reduced
growth and increased toxicity. Representative images shown from two independent cultures.
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BW25113

cas3 casAB C DE 12 spacer iap ]
Acas2
G E Acas2
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Aspacer
I I Aspacer
S
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Supplementary Figure S3. Schematics of the CRISPR-Cas strains used in this study. All
the strains are derivatives of isogenic host, BW25113 (see Table S4).
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BW25113 AssrA

-

Supplementary Figure S4. As a control for growth rate and resuscitation, the ss»4 mutation
was checked and found to have no effect on persister resuscitation on LB plates although it
grows 22% more slowly than the wild-type strain (1.18 + 0.07/h vs. 1.49 £ 0.03/h, respectively).
The number of ssrA persisters that resuscitated is 101 £ 2 vs. 100.0 = 0.1 for the wild-type. Plates
were incubated for 24 h at 37°C, and representative images shown from two independent cultures.
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(A) BW25113 Acas2 Aspacer

(8)

BW25113 Acas2 Aspacer

Supplementary Figure S5. CRISPR-Cas prevents cell lysis induced by cryptic phages. (A)
Single cell persister waking of BW25113 Acas2 and the Aspacer mutant on M9 0.4% glucose agar
plates incubated at 37°C for 4 hours. The scale bar indicates 10um. (B) TEM image for persister
waking of BW25113 Acas2 and the Aspacer mutant. Persister cells were resuscitated by M9 0.4%
glucose for 10 min. One representative image from two independent cultures is shown. The scale bar
indicates 1 um.
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Acas2 BW25113

Exponential cells

As_pacer

Supplementary Figure S6. LIVE/DEAD staining of stationary (turbidity 2.0) and exponential
(turbidity 0.8) cells shows the cas2, Aspacer (all 13 spacers removed), and mutations cause cell death.
DF is dark field, SYTOO9 is a membrane permeable stain for nucleic acids (green), and PI is propidium
iodide, which is a membrane impermeable stain for the nucleic acids of dead cells (red). Tabulated
cell numbers are shown in Table S2, and representative images from two independent cultures shown.
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Supplementary Figure S7. Growth curves upon inducing the full CRISPR-Cas system in E.
coli BW40114 (via IPTG and arabinose) at 37°C in LB and M9 glucose media (turbidity at
600 nm shown). The growth is reduced due to the metabolic burden of producing the complete
CRISPR-Cas system. Error bars indicate standard deviations from two independent cultures.
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¥IfdR gene (SEEEE and EEEE codon) (CPS-53, encodes 5'-deoxynuclectidase)

-TCATTTRTTMAACTTTTTCCGGGMGCATTTTTATTAT GACAAGATARAATALAGACGACATCGTGATTAACGR
TATCGCGGTITCCCTITCARATATCTGCCGCTTTGCCGGTCATCTTICTCACTICTACAGTGTCGCCCARCATGCGE
3" -ACCCGCCGA
TIGCTITTGCAGCCAGCTIGGTIGCCGCAGGRAATTTGCTTTTGAAGCATTARTGCATGATGCAACAGRARAGCGTATTGCCAG
[NEARANANANRA RN
ACGGRAACGTCGGTICGAGGTCGTIC-5"
GACATCCCCGCACCACTGARACGCCTTICTICCTGACTATAAACGGATGGAAGRAARARAATAGATGCAGTALATCCGTGA
GRAATACGGGTTACCTCCIGITATGAGCACGCCAGTGRAAATATGCCGATCTCATTATGCTGGCARCCGAACGCCGTG
ATCTCGGECTTGATGATGGCTCTITCTGGCCTGTACTGRAAGGCATCCCGECARACAGAGATGTTCAACGTGATTCCA
CTGG-CACCGG-G'I'CE’I‘GCCI'ACGGGILTGTTTI&TGGMCGTTTTMCGRI'TTATCGGAGTTACGCMTGCGCA-

pezR gene (BEEEE and [l codon) (CP4-6, encodes transcriptional regulator)

GCTCTTAGCARARAGCACCTCTARATCTGTTACGCGCCTTTGARAGCGECTGETCEGTACCGEAGCTITTGCGTT
GGCCGCCICTGAGTTGEARCTGTCACCCAGTGCGATCAGCCATGCCAT CCGCARACTGGARRACT TGCTTGATGTAC
GCCTTTTTCAGCGCAGTACGCGAGARATTACGCTGACGARAGARGGT GARATACT GCTTGAGCACATACAGCGGGER
TITARCGAATTACAGCAGGGGTTGGCATTAGTGACGGCTGATGARTCCAGGCCTTTGCGCCTTCATACTGCACCGAG
TITTGCCCATCARTGECTTTTACCACGTCTTGETAAGTTCATACGTGAGAACCCARGCATCGATCTGCGACTTICAG
CCAGCACAGAATATGCACGTTTTGARCAGGATGATTTTGATCTCGATATAGTCTACGET GARCCCCECCCATCACCC
TATGAGAAGATCCCGCTTGCTGTTGARGARCTTACGCCACTGTGTTCT COCCARCT GECTGRECGGCTARAGARACC
AGAGGATCTCTATGCETTGACATTGATTCAGTGCGATGTGCAGT TGTACCAGT GCEARAGGAT GET TTGAGGCEAATR
AGATGACGCCACCCARTARTTATGGCCTTCEATTTGACCGTAGCTTTATGGCGATTGCTGCCGCAGTTGACGECTTG
GGAGTTGIGCTTGARTCAAAACTACTGGCTGARCGTGARATCGCTAGCGETARACT GETATGCCCACTTGTARACAG
TACCAGCGARATACATTACATCGGICATTATTIGGT TTICCCCCAGCACCARCACATGCATICTGCGCTTGATGTGT
A
EEEEEE =’ —rcccRAGTCCGCR
TCARARCCTGGCTACTGARTGAACTCAATCTGGGTARRATTCCTINER
I Thrnrrernen
ACGTTTGGACCGATGGCCC—57

SEfR gene i- and - codon) (Rag, =side tail fiber protein)

EfGcCAGTAAAGATTTCAGGTGTACT GAAAGACGGCACAGGARAACCGGTACAGAACT GCACAATCCAGCT GARRGC
ARARCGTAACAGCACCACGGTGGIGET GAACACGCTGGCCTCAGARAATCCGGAT GAAGCCGEGCGTTACAGCATGEG
ACGTIGAGTACGGTCAGTACAGCGTTATTCTGTTGETGGAAGGATTCCCGCCGTCACATGCCGGGACCATTACCGTG
TATGAAGATTCTCAACCCGGTACGCTGAATGATTTTCTCGGTGCCATGACGGAGGATGATGCCCGTCCGGAGGCACT
GCGCCGTITIGARCTGATGGTGEAAGAGGTGGCGCGTAACGCGTCCGCGET GECACAGRACACEGCAGCCGCGARGA
AGTCAGCCAGTGATGCCAGCACAT CAGCCCGIGAGGCGGCAACCCATGCGECTGATGCTGCGGACTCAGCACGCGCR
GCCAGCACGICAGCCGGACAGGCCGCETCGICGGCTCAGTCAGCGTCT TCCAGCGCAGGARCGGCATCAACARAGGC
CACTIGAAGCATCARAAAGTGCTGCCGCTGCAGAGTCCTCARARAGCGCGECGECCACCAGT GCCGGTGCGGCGARRA
CGTCAGAAACGAATGCTTCAGCGTCACTACAATCAGCAGCCACATCTGCATCCACCGCGACCACGAAGGCATCAGAR
GCTGCGACCTCGGCCCGEGEATGCGGCGGCCTCAAAAGAAGCGGCAAAATCATCAGARACGAACGCATCATCAAGCEC
CAGTAGTGCAGCTTCCTCGGCAACGGCGGCAGGARATTCCACGARAGGCGECARARACGTCCOAGACGARCGCCAGET
CTTCTGARRCGGCAGCGEGACAGAGCGCCTCGECTGCGGCAGGCTCARARRCAGCGGCTGCGTCGTCTGCCAGTGCR
GCGICAACAAGTGCCGGECAGECCTCAGCCAGT GCCACCGECGCOGGARRATCGGCAGRARGCECCGCATCETCTGE
ITCAACAGCCACAACGAAGGCT GGCGAAGCCACTGAACAGGCCAGCGCAGCAGCEAGGTCTGCTTCCGCAGCGARAGR
CATCCGAARCGARCGCGARAGCGTCGGARACARGCGCAGAATCCTCARAARCGGCTGCCGCATCGTCAGCCAGTICG
GCGGCGTCATCGGCATCATCGGCGTCIGCTICARAAGATGAGGCGACCAGACAAGCGT CAGCAGCGARGAGCAGCGC
CACGACGGCATCCACGAAGGCGACAGAGGCTGCTGGCAGTGCGACGGCGGCAGCTCAGAGCARARGTACGGCGGAART
CCGCGGCARCGCGCGCCGAGACAGCAGCTARACGGGCAGAGGATATTGCATCCGCCGTGGCECTTGAGGATGCAAGT
ACGACGARAAAGGGGATAGTACAGCTCAGCAGT GCGACCARCAGTACGTCT GARACGCTGGCEGCARCGCCARAGET
AGTAAAATCAGCCTATGACAATGCAGAGARACGTCTGCAGAAAGACCAGAACGGCGCTGATATACCCGATARGGGAT
GCTICCTGAACARCATTAACGCGGTCAGIARRACAGACTTIGCTGATARGCGTGGTATGCGTITATGTGCGGETTARC
GCTCCIGCAGGTGCAACATCTGGARRATATTACCCTGTIGITGTTATGCGTICT GCTGGCTCAGTARGCGAACT GGEC
ATCRAGAGICATTATCACCACGGCARCGCGAACCGCAGGCGATCCGATGAATARCTGCGAGTTTAACGGATITGTTA
IGCCIGGTGGCTGEACTGACAGGGGECGTIATGCTTATGGCATGTTCTGGCAATAT CARRACART GAACGAGCCATT
CACTCAATAATGATGAGTAATAAGGGCGATGATTTGCGCTCTGTGTTCTATGTTGATGGCGCTGCTTTCCCTGTTITT
TGCGITTATTGAAGATGGCCTGTCAATATCCGCACCTGGTGCIGATCTCGTTGTTAATGATACGACCTATAAGTITIG
GGGCAACARATCCGGCGACTGAATGTATCGCGECGGACGTTATCCTTGATTITARGAGT GGGCETGGTTITTTATGAS
TCICATICGTTAATCGTTAACGATAACTTGTCGTGCAARARACTITITGCCACAGACGARATTGTAGCGCGIGETEG
TAATCAGATTCGAATGATAGGT GGGGAGTATGGTGCATTATGGCGTAAT GATGGCGCTARARCTTACCTGCTIGCTTA
CCAATCAAGGTGATGTTTATGGTGGCIGGAATACATTARGACCGTTTGCTATTGATARCGCARCCGGCGARCTGGTT
ATTGGAACCAARCTGTCCGCARGICTGAACGGTARTGCATTARCAGCARCARAGCTGCARACGCCARGACGGGITIC
IGGTGITGAGTITGATGGTICCARAGATATTACTITAACCGCCGCGCATGIGGCTGCTTITGCCAGAAGGGCAACEG
ATACATATGCCGATGCGGATGETGGCGITCCATGGAATGCCGAATCIGECGCTTACAATGT CACCCGCTCTGGCGAC
AGCTATATTCTGGTTAACTICTATACCGGAGTCGGAAGTTGCCGEACCCTGCAGAT GAAGGCGCATTACAGARATGG
IGGTCTGTICTACCGTTCTICAAGAGACGGTTATGGTTTTGAGGAAGACTGGGCAGARAGTTTATACCTCGARRARTC
ITCCACCAGAARGCTACCCAGTCGGCGCACCAATCCCGTGECCATCAGATACCGITCCGTCTGGTIATGCCCTGATG
CAGGGGCAGECTTITGACAAATCTGCITACCCGARRCTTGCAGCCGCTTATCCGTCAGGCGTGATCCCTGATATGCG
TLTrnrrrnnel (e I
EEEEETE :' - GTCGCAGTCCGCACTITAGRAGTGGECAGT
AACG-5'
I 11
TGGCIGGACGATTARGGGCARACCTGCCAGTGGTCGGGCCETATTGTICTCAGGARCAGGACGGCATTARATCGCATA
CCCACAGCGCCAGCGCATCCAGTACAGATTIGGGEACGARAACCACATCGTCGTITIGATTACGGCACTARATCCACS
AATAACACCGGGGCACATACACACAGT GTGAGCGGCTCTACARACTCGGCT GGAGCACACACACACTCACTAGCCAR
CGTGAACACGGCTAGTGCTARCTCCGETGCIGETAGI GCATCARCAAGATTGTCTGTIGI GCATAATCAARACTATG
CAACATCATCTGCIGGCGCACATACCCACTCACTGTCCGGCACTGCTGCAAGCGCAGETGCACACGCGCATACTGTC
GGTATIGGTGCTCATACGCACTCCGTIGCGATIGGTICACATGGACACACCATCACCGTTAACGCTGCTGGTARCGT
GGAARACACCGTCAAARACATCGCATITAACTATATTGTGAGGCTIGCARNN

Song et al., Pennsylvania State University 16



stfQ gene (SEEEE and EEEE codon) (Qin, =ide tail fiber protein)

-ILP.TRTRACCGCGCTGRCRGRCMTACGCRGGGGGCRGCRGG’ICTTGAGI'TP.TP.CGAGGTGTATAACAACGGATA
TCCRAACAGCGTATGGARATATCATTCACCT GARAGGGAT GACAGCCGTIGGCGAAGGTGAGITACTCATCGGCTGGA
GIGGETACRAAGCGGTGCTCATGCTCCGGCATTITATTCGITCACGACGGGATACGACCGACGCAARCTGGTCGCCGTIGE
GCGCAGCTTTACACCTCGGCTCATCCTCCTGCAGAGTTITTATCCAGTCGGTGCACCARTCCCGTGGCCAT CAGATAC
CEITCCGICTGGITATGCCCIGRATGCAGGGGCAGACTITIGACARATCTGCATACCCGRRAACTIGCAGTIGCTTATIC
3'-BTC
CGTCAGGCGIGATCCCTIGATATGCGTGGCT GGACGATTARGGGCARAGCCCGCCAGTGGTCGGGCCGTATTIATCICAG
[ARRRRRANENE I i
GCAGTCCGCACTITAGAGT GGCAGCARCG-5"
GRACAGGACGGCATTARATCGCACACCCACAGCGCCAGCGCATCCAGTACGGATITGGGGACGGARACCACATCGIC
GITTGATTACGGAACCAAATCCACGAATAACACCGGGGCGCATACCCATAGTATTAGCGEGACCGCARATAGTGCCG
GIGCGCACCAACACARGAGTICCGGTIGCATTTGGTGGCACGRACACGAGCATTITICCCTRAATGGTTATACCGCGATT
TCARATCTAAGCGACGGGGATTAT GAGCACAACARGCGETAGTGGCCAGACT CGTAATGCAGGGAAGACAT CATCAGA
TGGETGCTCATACCCACTCGCTGTICCGGCACTGCTGCARGCGCAGGCGCGCAT GCACATACTGTCGGTATTIGGTGCIC
ATACGCACTCCGITGCGATTGGTICACATGGACACACCATCACCGTTARCGCTIGCTGETAACGCGGRARMCACCEIC
AMMCATCGCETTTMCTATATTGTGAGGCTTGCA-

alpa gene (SEEEE and [l codon) (CP4-57, transcriptional regulator)

CAATCGATCGGCCGTTAGAATACTACGGTTACCAGCGETIATCCARRARACAGGTATGGCACGEGCCACCAT
CTATGACTGGTTGARCCCCARATCACCACGATACGATGCCACCTTTCCCARAARGCGRATGCTCOGLGTGARATCTG
I AERRRRRRARY
EEEEEEE - -cTCGCAGTCCGCACTTTAGAS
TGGCAGCARCG-5'
ol
TCGGATGGATTGAGGCCGAGATTGATGAGT GGTTATCACAACGCTGTARACTTAT THER

ybcN gene (SEEEE and EEEE codon) (DLP-12, DNA base-flipping protein)

-CGCRCRTP.CMTCCP.MCTCTCTTCTCCCTTCRCRGP.TGCP.GMRTGCACCTGCMTTCTTTGCATCTEGCGTT
TGACCTCTGCGGAGGEGAAGCGTGAACCTCTCACAAGACGGCATCAAATTACATCGCGGCAACTICACCGCTAICGG
[ | |
3" -GTCGCAGTCCGCACTTTAGAGTGGCAGCARCG-5"

TCGGCAGATCCAGCCTTATCTGGAGGAGEGCARATGCTTTCGCATGGTGCTTARACCGT GGCGT GAGARACGCAGTC
TTTCCCAGAATGCACTCAGCCACATGTGETACAGCGARATCAGTGAATACCTCAT CAGCAGGGGTARARCGTTCGCC
ACTCCAGCTIGGGTARRAGATGCTCTICARACACACATATCTCGGTITAT GARACCARAGACCTGGTITGATGTCGTAAC
CGGTGATATCACCACTATCCAGTCGTTACGCCATACCTCCGAT CTTGATACCGGAGAGATGTATGTCTTCCTGIGTA
AGGTTGARAGCCIGGGCGAT GAATATIGGTTGCCACCTGACTATTCCACAGAGCTGCGAGTICCAGCTGCTGCGCGAC
MGCEGGAGGCGTMTGGCTACECCGCTTATTCGT-

rzoD gene (- and - codon) (DLP-12, putative prophage lysis lipoprotein)

ETGCGRAAAGCTGRARAATGATGCTCTGCGTGATGATGTTGCCGCTGETCETCATCAGT TGCACAT CARRGCAGTCTGT
1l I (ARNANA
3f -GTCGCAGTCCGCACTTTAGAGTGGCAGCARCG-5' 37 g
CAGTCAGTGCGTGARGCCACCACGECCTCCGECGTGEATARTGCAGCCTCCCCCCGACTGECAGACACCECTGAACE
L O A B
TCGCAGTCCGCACTTTAGAGT GGCAGCAACG- 5 [ EEHEEEE
GGATTATTTCACCCTCAGRGAGAGCCHER

ydfD gene (SEEEE and BB codon) (Qin, lysis protein)
-AATTCAGCATTTGTGCTTGTTCTGACAGTTTTTCTTGTTTCCGGAGAGCCAGTTGATATTGCAGTCAGTGTTCA

RN [
BBESEEE 3’ -GTCGCAGTCCGCACT

TTAGAGTGGCAGCAACG-5'

\ [ A B
CAGGACAATGCAGGAGTGTATGACTGCAGCAACCGAACAGAAAATTCCCGGTAACTGTTACCCGGTCGATARAGTTA
TTCACCAGGATAATATCGAAATCCCGGCAGGTCT TR

| [ FErrrr |
3’ -GTCGCAGTCCGCACTTTAGAGTGGCAGCAACG-5' FRECCTIg

tfaP gene (SEEEE and BB codon) (eld4, tail fiber assembly)

-AAAATATACTGTTGCTTAAATACCGTTGGTTTTTTTATGGATGGCTGTGGCGTCATTCCGCCAGATTCTAAAGA

AATAACGGCAGAACACTGGCAGTCATTATTAAAATCTCAAGCTGAAGGAGGCGTGATCGATTTTTCTGTTTTTCCTC

CTTCTATTAAAGAGGTTATCCGTACTCATGATGATGAAGTCGCAGATGCGAACTTTCAAAAGCAGATGCTTATCTCT

GATGCAACTGATTTTATCAATAGCAGACAGTGGCAGGGTAAGGCTGCATTGGGAAGACTTAAAGAAGATGAGCTGAA

ACAATATAATTTGTGGCTGGATTATCTGGAAGCACTGGAACTGGTTGATACATCCAGTGCGCCAGATATTGAATGGC
[ I FEEEEErrrrrnd

3" -GTTCACTATAGGTAGTAGCGTAGGTCACGCGG-5"
CTACGCCTCCGGCAGTTCAGGCCAG
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Supplementary Figure S8. Predicted base-pairing interactions between each of the CRISPR spacers
(i.e., spacers 8, 11, 12, and 13) and a protospacer within the cryptic phage mRNA (CPS-53, CP4-6,
Rac, Qin, CP4-57, DLP-12, and el4). Note, some spacers match more than one region within a
particular cryptic prophage. The complementary nt between the spacers and cryptic prophage
protospacers is indicated by yellow highlight and vertical lines. Note that the spacer sequences are
written 3’ to 5 to aid an understanding of the putative RNAi matching.
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Supplementary Figure S9. Toxicity of YdfD and RzoD. Growth curve at 37°C in LB
(turbidity at 600 nm shown) of E. coli BW25113 harboring empty plasmid pCA24N (blue line),
plasmid pCA24N encoding ydfD (orange line), and encoding plasmid pCA24N encoding for rzoD.
Red arrow indicates addition of 1 mM of IPTG produce the toxins. Average of two independent
cultures shown, and error bars indicate standard deviations.

Song et al., Pennsylvania State University 19



1.5+
L BEIITTTITT Y »
g ,_‘TI BREER S E e A9Acas2
g 1.0 xlﬁ HHHH . Aspacer#3AkanR
S II HHH © Aspacer#12AkanR
b x
£
5 0.5- I
S
= .
Lo I
0 10 20 30
Time

Supplementary Figure S10. Deleting the DNA encoding spacer #12, which encodes crRNA
targeting four separate regions in cryptic prophage mRNA (mRNA of Rac, Qin, CP4-57, and
DLP-12), leads to lower cell yield. As seen Table S2 and Fig. S6, this is associated with increased
cell lysis. In contrast, deleting cas2? in A9 and deleting spacer 3, which encodes crRNA that lacks
matches in the mRNA of all 9 cryptic prophages has little effect on growth and cell lysis. A9 is
BW25113 that lacks all cryptic prophages and Kan® is kanamycin resistance. Growth (turbidity at
600 nm) at 37°C in LB shown, and error bars indicate standard deviations from two independent
cultures.
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Spacer sequence

CGGTTTATCCCCGCTGGCGCGGGGAACAC

AGCGGCACGCTGGATTGAACAAATCCCTGGGC

AAACCGAAACACACGATCAATCCGAATATGAG

TTTGGTGACAG TGTCACTG GGTGA

E. coli 0157:H7
Cryptic prophage

 GCTGGATTGA_CAAATC_C_G
PHAGE_Salmon_118970_sal3

T~ G__TGAACAAATCCCTG

PHAGE_Shigel_POCI13

Gene

/
/
7
/

B Salmonella enterica subsp. enterica serovar Typhi strain TY2

Spacer sequence

CGGTTTATCCCCGCTGGCGCGGGGAACAC

GGACAGCAACCCGTGTCGGATATCAGACAGAT

ACGCGAATCGCCAATCGCCGCCGCGTGAATTG

CCACGATGTATGCCGACCGTGATTTTTACCGC

AGATACGCCTTTACGTCGCCCTCTTTGGCGCG

ATTAAAAAAGATTAATGTTGGTTATAGTTTTA

TAAAACACCGGTTGCGCAACCTCCGCGGGGAT R

Cryptic prophage

GACAGCAA_CCGTGTC

PHAGE_Entero_P4

eememm==== AT_CCGACCGTGATT_TT_CCG

PHAGE_Entero_P4

——————————— CCG_TTGCGC_ACCTCCGC

PHAGE_Escher_500465_2

Gene

/integrase

psem[iégene

C S. enterica subsp. enterica serovar Typhimurium str. LT2

Spacer sequence

CGGTTTATCCCCGCTGGCGCGGGGAACAC

TTTTCAGCCCTTGTCGACTGCGGAACGCCCCT

GCGAAATAGTGGGGAAAAACCCCTGGTTAACC

TAGGCCTTGATACCATCGCTCGCACCTCGTCA

TCTTTTGATTTTGCTGCGATGTTATAACCAGA

TATCCACATATACCCGCAATCATATTCAAGAA

AATCACTGCGGGGGTATTTAGCGGAAACGGCT
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jum str. LT2

mmuri

S. enterica subsp. enterica serovar Typh

CAGCACGAAAAATTATTTACTGTCGTTGCTCA

GTGGTTGCAGACCAATCAGCCCGCCAGCGGTT

GTGGTTGCAGACCAATCAGCCCGCCAGCGGTT

GAGGGGATAGGAGTTACGATCCAGCCTGGTTG
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TCTCGGTCTCGGTCTCGGTCTCGGTAGTGACG
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TCTTTATCGTCAATGCGAAA CCGCGACG

PHAGE_Salmon_Fels_1

GAATCTAATGCAACAGATGAATAAACACGTAA

G_A__TAATGCAACAGATG_A

GGTAATTTCTCATCTAACAGCCTGTACGCCTC

CGCGCCCACTTCCGTAAAATACAGATAATCCA
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GTTACGTTCGGTAAATGGAAAGCGGCGAATAT

TGGACCGATGGGGCCAACATCGCCGAACGTGG

GAAAGCGGCGAA
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um str. LT2

imuri

S. enterica subsp. enterica serovar Typh

GAAACGTAAACAGGGTAAGATACAACTCTGCA  ~~.

GATGTAACTGATAGCGAAATATATTGGGATAA T~

7
oligope,p’tidase B

CTGAAAACGCATGGAATCCGGTATAAACAGTC AN
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/

NTPAse
/
GTAAACAGGGTAA

PHAGE_Salmon_Fels_1

TCAACTGTCAGTTCGTCGTTAGCCAGTAATTC AN
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TAATGGCCACAGTAAGTCAAACGGTTCTGGA N
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y
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GGTAAAGCCACACCA ATTGACCTCGC A

7
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/
TTIGG_C__CGGTTTTTTCAGGTT
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7
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I
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ATCGAATCGAAACCCCAGCCACAGAAATAATT

PHAGE_Entero_HK630
7

CACAGAAATAAT

GTCGCGTTCGTTGCCGGTATAGACCAGCGTCA
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/
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v
/
’

/

Prote;ih D

/

ATTAAGCGCGCAAAGTTTGGGTTAATTGGACA|

phiE255

’

phiE255

/

TGCGTAATGGGCTACCTGAACTTCACATATCC

/

' TTGCGTGACGCTG

PHAGE_Entero_HK630

ATATGAATTAAT

TGCCCGTTCTGCCTCTTCGCACTCTCGATCAA

\,

-

PHAGE_Entero_HK630

\
\
ATGAATTAATTT

PHAGE_Burkho

[
TATAATATGAATTAAT GCGCATAACCTG 7

PHAGE_Burkho
' TC__CATATTGCGTGAC_C

A
\
\

TCTTTATCAGCTAACCATTTCCAGAACTCGTC T T PSS

\
\
\
\
TCTTCATATTGCG

PHAGE_Burkho

ATCTTCATATTGCGTGACGCTGCCGATGAACG  —=
CGGTTTATCCCCGCTGGCGCGGGGAACAC

sequence
Gene

Spacer
Cryptic prophage

/

/

phiE255

clpA /

/

7

v

7

7

Base)

s

plate protein

s

23

wversi

Song et al., Pennsylvania State Un
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Supplementary Figure S11. E. coli O157:H7 and Salmonella spp. CRISPR-Cas spacer sequences related to cryptic prophages. (A) Repeat
(R, blue hexagon) and spacer (rectangle) sequences of each CRISPR-Cas system of E. coli O157:H7, Salmonella spp., and K. pneumoniae
indicating matches with their cryptic prophages. (A) E. coli O157:H7, (B) S. enterica subsp. enterica serovar Typhi strain TY2, (C, D, E) three
CRISPR-Cas systems of S. enterica subsp. enterica serovar Typhimurium str. LT2, and (F) K. pneumoniae. Pink highlight and dashed lines
positions relative to the cryptic prophage genes.
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