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Figure S1. Optimal ®A006 Phage Replication Requires AcrllA1"™®, Related to Figure 1

Left: Representative images of plaquing assays where the indicated Listeria phages were
titrated in ten-fold serial dilutions (black spots) on lawns of Lmo10403s (gray background)
lacking Cas9 (Acas9) and encoding AcrllA1N™ (Acas9;IA1V™P). Dashed lines indicate where
intervening rows were removed for clarity. Right: Cas9-independent replication of isogenic
®A006 phages containing distinct anti-CRISPRs. Asterisk (*) indicates genes that contain the
strong RBS associated with orfA in WT ®A006, whereas unmarked genes contain their native
RBS. Plaque forming units (PFUs) were quantified on Lmo10403s lacking cas9 (Acas9, gray
shaded bars) and expressing AcrllA1N™® (Acas9;/IA1V™®, black bars). Data are displayed as the
mean PFU/mL of at least three biological replicates + SD (error bars). Note that this figure
contains the same subset of data displayed in Figure 1A.
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Figure S2. AcrllA1"™® Binds a Highly Conserved Palindromic Sequence in Acr Promoters,
Related to Figure 2

(A) Alignment of the phage anti-CRISPR promoter nucleotide sequences denoting the -35 and -
10 elements and ribosomal binding site (RBS) (gray boxes) and conserved palindromic
sequence (yellow highlight). (B) Quantification of DNA binding abilities (Kp; boxed inset) of full-
length AcrllA1 and each domain (AcrllA1N™ and AcrllA1°™) using microscale thermophoresis.
Data shown are representative of three independent experiments. ND indicates no binding
detected.
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Figure S3. AcrllA1 Homologs in Mobile Genetic Elements Across the Firmicutes Phylum
Autoregulate their Cognate Promoters, Related to Figures 3, 4

(A) Alignment of AcrllA1 homolog protein sequences. (B) Expression strength of the AcrllA1
homolog promoters. Data are shown as the mean RFP expression (RFU normalized to ODgo)
driven by each AcrllA1 homolog promoter of three biological replicates £ SD (error bars). (C)
Mobile genetic elements that possess an AcrllA1 orthologue (red), which are either full-length or
contain just the N-terminal domain (A1"™P). Arrows indicate the region corresponding to the
promoter that was experimentally tested for repression by host-associated AcrllA1 NTD
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Figure S4. Bacterial expression of AcrllA1"™ blocks phage anti-CRISPR deployment,
Related to Figure 4

(A) Plaquing assays where the indicated L. monocytogenes phages are titrated in ten-fold
dilutions (black spots) on lawns of L. monocytogenes (gray background) expressing anti-
CRISPRs from plasmids, LmoCas9 from a strong promoter (pHyper-cas9) or lacking Cas9
(Acas9), and the natural CRISPR array containing spacers with complete or partial matches to
the DNA of each phage. (1) Denotes the absence of a spacer targeting the ®J0161a phage.
Representative pictures of 3 biological replicates are shown. Solid lines indicate where separate
images are shown. (B) Left panels: Plaquing assays where wild-type L. monocytogenes phages
are titrated in ten-fold dilutions (black spots) on lawns of L. monocytogenes (gray background)
containing single-copy integrated constructs expressing AcrllA1 or AcrllA1N™® from the ®A006



anti-CRISPR promoter (pA006), LmoCas9 from a constitutive promoter (pHyper-Cas9), and the
natural CRISPR array containing spacers with complete or partial matches to the DNA of each
phage. (1) Denotes the absence of a spacer targeting the virulent phage ®P35. Representative
pictures of 3 biological replicates are shown. Right panel: Schematic of bacterial “anti-anti-
CRISPR’ activity where host-encoded AcrllA1N™® (hA1N™®) blocks the expression of anti-
CRISPRs from an infecting phage. (C) Nanoluciferase (NLuc) expression from the anti-CRISPR
locus promoter of an ®A006 reporter phage (PA006acr::nluc) during lytic infection of L.
monocytogenes EGDe. Data are shown as the mean fold change in RLU (relative luminescence
units) of three biological replicates + SD (error bars).



Table S1. AcrllA1 homolog protein accession numbers and associated promoter
sequences, Related to Figures 3 and 4

Strains Containing
AcrllA1 Homologs

Designated
Homolog Name

Protein
Accession #

Associated Promoter Sequence (5’ to 3’)

tttacttcacctcttgacaacattatacgaacaaacgttcttaaaatcaagtgt Jtgttgtatta
. . cat tatc tattcacatgaacgattttcgttcattatttcattcaactattagctgtttga
Listeria monocytogenes Lmo¢A006/ WP 003722518.1 catccegttttacatetc agcaacctcgaatttttcggggtatttttttatatte tt
Jo161 ¢\JO1 61 - taataaaactattgactactacggcgattcgtagtatactatgtatatagtaaagaaaacaattgaaa
aggatggatgacaaa
ttttgttgacgctttcacaaagacatgttattatatattcaagaacttaataagttctagcgctgtttcgge
i ; gcgttttaattacgcattgtgcaatgtaaatttctatgtatttaattttatttagcacgaaaagaagctaca
Listeria n?OnOCytOgeneS LMO10 KUG37233.1 aattttaactacttactatgaaatgtaage atcagacttcggtttgatgtttttttactgtaaa
strain LMO10 aaaattaatcc cattgactactacgattattcgtag jtatatagtaaaggaa
cgggagc taca
t: jtaacctgtttttctatagattgctttttatc Jjaagaaagccgctttttattagatt
Listeria monocytogenes ataattgatgtttttgatttatatticactccctgtgcaaataacgatatagtagcaacctcgaacttttttg
Strain FRRB 2887 LmOFRR82887 WP_0856963701 ttcggggtatttttttgaaattaatt acttgactactacgaatttacgtagtatactttaaatat
agtaaagataacgaaacggaggaacttaaaa
ttttatcagttattt jgttatctttcgtaaaacgcectatatgtagecgttttatagatagatagee
i ; ttttttctttctgtitgaatcggtatattccagaaaagttttgccacgaatttgccacaaaatttgecgttgaa
Listeria monocytogenes Lmo22B09 WP_07731 6628.1 taattctt tatagtagtgcctcggactttatggttcggggtatttttttgaaattaatt

isolate 22B09

acttgactactacgaatttacgtagtatacttt: jtaaagataacgaaacggaggaacttaa

aa

Listeria seeligeri
FSL S4-171

Listeria seeligeri

EFS02359.1

jatatta

ttgaaatgatgtacacgaacttgttcgctttagtagaaatagaccctcgegace
cttttccgacttaactcgtgatgaagtatttacaatgctgc t:
gttgactaatacgaaaaatcgtagtatactgtgtatatagtaaagaaacgggaggagcttaaaa

aatgaatata

Enterococcus rivorum

tgttcgtatttaggactataccgtaaaatttcgtacaactgatctggagataatcgcttattaaatgaga
agat Jaaaacgttgatttaacagagtttic tat:

in LMG 258993 E. rivorum WP_069698591 1 cgtaaaatttcgttccactgatacgtggaccec tgaagtaaattgagcgaaactcttgatttc
strain 5 ttccgatttcggaagtataatagtgttataaggtigggataaggaaatagcacttccgcttaatcttaaa
taaattaaaagaggatgaatgaa
H ; aacttacaatagtataggagcgttgctaatcattgctgtatgcttaaagaagtgcagattt: ttag
Listeria mOnOCytOgene.S Lmo plasmid WP 061665673.1 atatctttataactttattaaattatagttgactattaaattataatttagtataat: jgtatagagataa
p !
CFSAN026587 plasmld gacat jaacaaatgaggtgcaatgac
LeUCOnOStOC QE/Idum tattattttccctc jtacgtattaaacaagatgaactcttaatgttatttgccattagatata
subsp. gasicomitatum Leu gelidum CUR63869.1 actgtaacacaatcgtaacattaatctattgcacactgcttaattaagcggtatacttaattcaaggtta
KG16-1 aggaagaggtaaacgac
Lactobacillus L aaccccttgtatagcataaaggttgcaatcctgccgagtgcataatcgcggtaaatcatcgattcecge
. . ac atattcgttaatgtgatgcctccagtctctttagatgagagattggaggcattttttgctttttaaaaaccg
par: alfz('\:;??’e{ g Ztram parabuchneri WP—084975236'1 atgttttatattgcatacttcgctgtaacgtagtaatattttaaaacatgaagttgcgacacacagttaac
ttcgttattatttaacagtaaattcatggagce a
ctaccataagttactgatagaaaagaaccaacagagtatgccttgttggttcttttcttigtccagttgtta
Enterococcus faecalis ccaggtcagtalgtaggac?ttcataaﬂttg?g::atactgtca'tttgtgttaattttgatgtac?cttt?aattta
. R . . catgtaatc jtaatgggtattcgttttccactaactggccaaacagatagataggtgaaga
strain plasmid Efsorialis- E. faecalis WP_002401838.1 acanatitaacgcaaatggtaatgatigigtitacatttacctiatatgt tataatoa
p2 aagaagcctactcttgaaaattcaagaataggcaggtcgctaaacctctttgattataccatatatca
aaggaagaaggaatgaaa
acaaagaacatqc t jccgttcagcetgegcegatcttttattaac jccac
Listeria monocytogenes tttagaagacttggaagaactagaaattgcagtaaagcaaa 1 ttcattaga
SLCC2540 serotype 3b Lmo orfD WP_01 29519271 caatagccctgaatc ttcggggcatttttttatttttataatc ttgactaatcaaata

tatcgtgttatact jtaaagaaacgggaggcgtacata

Lactobacillus delbrueckii

not applicable; AcrllA1N™ homolog in core bacterial genomes

strains Lac delbrueckii O0V09772.1 found next to Type I-E, I-C, or lI-A CRISPR-Cas systems
; atatcctatcatgaatcgtatgtcatacctgtgctgggttaaaccagaacgggtatttttttgtc
Lactobaqllus P hage (I)Ph ig 1e NP 695149.1 tacaataaaaactaaaagttaacacaatatgtgtttacaagtaatacaaaaggtgttaatatgtatttg
ph 19 1e - tagaaaagaaaggaagtcttaaaa
tcttgaccactccttt: attatacgaacatacattctcttttgtcaaatttaatttaaccttttactta
jacttatacctc jtat jgaaaggaggtgagagacatcggttct
Lactobacillus sakei . agggtac Jaaccgactccgaaaagaaaagcgcgaagctaatgaatacagactgg
prophage Lac sakei WP—07678901 1.1 ctgtcatatcattcataatatcgcttctagcatttctaaagagttggttctaagacacaggggcgaaag
cccttgtttgtctactcataataccatgtcatgctatgaaagacaaaagacacgcaactatggcacta
tctatagctgctatcattctcagcgctttggcactacttgttaaatttctttaggaggctttitg
Lactobacillus phage acaaatagtcctctgctcgctaacgcgggtggagggctttttttgtigtacttttttaaaaaataataccat
¢Lrm1 YP_002117689.1
Lrm1 — . ttatgattgtatgttagtaccgaatatggtactatataaacgtaaagaagaggaggagaacaaa
i i taaatttttcctattctcattcaaataattcttaccaatttattatattcttttttgaatctgcttatggctgagatt
LaCtOb?)?gls’lfaZeelvetlcus Lac helveticus WP_0230609501 tttq tactttaattaagaaaagcaatctattatactgaatacaatatgaaatttaaatgaaaag
gtggcgcaagat
Lactobacillus . aaattt jttagt: tagcgaattagtgatcttgaaagtgactaatttgctatttttaattgaat
paragreSSeri LaC paragreSSerl WP_0036491 081 gtttttteg tatgagcttttgattt taaggatagttaataatcagtgaggatactt

Lactobacillus brevis
transposon

Lac brevis

WP_085769627.1

cctggtgataatccgegtataccccgagtgagtagtctgaatcttggtaattactgagtaaccttaatttt
tccgtegttgaatatgttcctattcaaaacaccccctagagatgacacttttattatttaaagtgtcaacc
ctaaggggtattgtacgagaagaccagacattgttttattagtatgaaaagaggtgatgaacatggce

ggaacgtccaatttttgtac jagcagcaagacgttctctaatttttattggtatagtagattgta
aaattaatccgacgctgttcggac jatcagcttcccttaaaatggtgtttaccacaaacce
atcttttaggagctgatctt

Lactobacillus fermentum
MGE

Lac fermentum

WP_057195093.1

gatcgctaccagcccttcataaaacccgttcacccctacatagaaat jgcattagctcag
gtgatagtctcttctatccttgagtcgtcccatcactataggagaaagttatgactaatttttggatcgec
attctaattatgg attctcatccttgecattatcegttcactgctccaacttcgectcaagtaatt
gaaaggtcgccaaa




