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Supplemental Materials and Methods

Phage purification

Bacteria were infected with stocks of phage at mid-log phase and cultured in 75 mL of LB
broth for 48 hours at 37°C under shaking conditions. Bacteria were removed by centrifugation at
6,000 x g for 5 minutes, and supernatant was treated with 1 pg/mL of DNase I (Roche, Cat. No.
4716728001) for 2 hours at 37°C before sterilization by vacuum filtration through a 0.22 um
filter. In some experiments, supernatant was treated with 250 pg/mL of RNAse A (Thermo Fisher
Scientifc, Cat. No. EN0531) or 85 U/mL of benzonase (Novagen, Cat No. 70746) for 4 hours at
37°C before sterilization. Pf phage were precipitated from the supernatant by adding 0.5 M NaCl
and 4% polyethylene glycol (PEG) 8000 (Milipore Sigma, Cat. No. P2139), whereas E. coli Fd1
phage was precipitated by 0.5 M NaCl and 4% PEG 6000 (Milipore Sigma, Cat. No. 8§1260). All
phage solutions were incubated overnight at 4°C. Phage were pelleted by centrifugation at 13,000
x g for 20 minutes, and the pellet was suspended in sterile TE buffer (pH 8.0). The suspension
was centrifuged for 15,000 x g for 20 minutes, and the supernatant was subjected to another
round of PEG precipitation. The purified phage pellets were suspended in sterile PBS and
dialyzed in 10-kDa molecular weight cut-off tubing (FisherScientific, Cat. No. 88243) against
PBS, quantified by qPCR, diluted at least 10,000x to appropriate concentrations in sterile PBS
and filter-sterilized. We sent three different Pf4 preparations diluted in PBS to working
concentrations (1 x 10% Pf4/mL) to Nelson Labs (Salt Lake City, UT), where they were tested for
endotoxin by Limulus amoebocyte lysate testing. All three preps had endotoxin levels under the
test sensitivity level of 0.05 EU/mL. Phages were purified by PEG precipitation only unless noted
otherwise.

Quantification of Pf phage

To quantitate Pf prophage in human or mouse wound homogenates and purified Pf phage
preparations, bacterial cells and debris were removed by centrifugation at 8,000 x g for 10 min.
Supernatants were boiled at 100°C for 20 min to denature any phage particles, releasing intact Pf
phage DNA. 2 uL. were used as a template in 20-uL. qPCR reactions containing 1x SensiFAST™
Probe Hi-ROX (Bioline, Cat. No. BIO-82020), 200 nM probe, and 2 nM forward and reverse
primers. For human wound swabs and Pf1 phage purifications, the primers and probe were
designed to recognize PAO717, a gene conserved across the Pf phage family; for human swabs,
the Pa 50S ribosomal gene rplU was also used to confirm Pa infection. For mouse wound isolates
and Pf4 phage purifications, the primers and probe were designed to recognize a Pf4 phage-
specific intergenic region between PAO728 and PAO729. For the Pf phage purification
preparations, levels of Pa 50S ribosomal gene rplU were measured to correct for contaminating
genomic Pa DNA, but those levels were negligible. See Table S2 for the primer and probe
sequences. Cycling conditions were as follows: 95°C for 2 min, (95°C for 15 sec., 60°C for 20
sec.) x 40 cycles on a StepOnePlus Real-Time PCR system (Applied Biosystems). For the
standard curve, the sequence targeted by the primers and probe were inserted into a pUC57
plasmid (Genewiz) and tenfold serial dilutions of the plasmid were used in the qPCR reactions.

In vivo murine full-thickness wound infection model

Ten-to-twelve-week old male mice were anesthetized using 3% isoflurane, and their backs
were shaved using a hair clipper and further depilated using hair removal cream (Nair). The
shaved area was cleaned with sterile water and disinfected twice with Betadine (Purdue Fredick
Company, Cat. No. 19-065534) and 70% ethanol. Mice received 0.1-0.5 mg/kg slow-release
buprenorphine (Zoopharm Pharmacy) as an analgesic. Mice received two dorsal wounds by using
6-mm biopsy punches to outline the wound area, and the epidermal and dermal layer were
excised using scissors. The wound area was washed with saline and covered with Tegaderm (3M,
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Cat. No. 1642W). Luminescent bacteria were grown as described above and diluted to the
standard dose of 7.5 = 2.5 x 10> CFU/mL CFU/mL or 1 x 10’ CFU/mL in PBS. Mice were
inoculated with 40 uL per wound 24 hours post-wounding, and control mice were inoculated with
sterile PBS. In the TNF rescue experiments, wound beds received 100 ng/wound of carrier-free
TNF (Affymetrix, Cat. No. 34-8321-63) or PBS 2 hours post-inoculation. In some experiments,
mice received a dose of 1 x 107 CFU/mL heat-killed bacteria, prepared as described above. Mice
were weighed and imaged for luminescent signal on the IVIS Spectrum (Perkin Elmer), the Ami
HTX (Spectral Instruments Imaging), or the Lago-X (Spectral Instruments Imaging) at the
Stanford Center for Innovation in In Vivo Imaging daily before takedown. Uninfected mice were
photographed for luminescent background correction Images were subsequently analyzed using
Living Image Software (Perkin Elmer), AMIView Software (Spectral Instruments Imaging) or
Aura software (Spectral Instruments Imaging). Upon takedown, wound beds were excised,
minced and collected in PBS. After shaking incubation for 2 hours at 4°C, bacterial effluent was
serially diluted and plated on LB agar to enumerate bacterial burden. Wounds were considered
infected if luminescent signal in the wound was above background luminescence, and bacteria
were detected in the wound effluent. For immune cell infiltrate analysis, wounds were processed
as described in the organ immunophenotyping section in the main manuscript.

Preparation of pure phage ssDNA and amplification of individual phage genes

In order to prepare pure phage RNA, ssDNA from Pfl (used because of higher purification
yield) was extracted using the phenol chloroform method. Briefly, 500 uL of phage preparation
was added to 250 pL of phenol:chloroform (Thermo Scientific, Cat. No. 17909) and vortexed
twice for 30 seconds. Subsequently, the solution was centrifuged for 1 min at 12,000 % g. The
aqueous phase was transferred to a new tube and two volumes of 25:1 ethanol:3M sodium acetate
(pH 5.2) (Sigma, Cat. No. S3272-2506) were added. The solution was incubated at room
temperature for 15 minutes. Following incubation, the sample was centrifuged for 10 minutes at
12,000 x g, after which the supernatant was removed, and the pellet was resuspended in 500 pL
of 70% ethanol. The sample was centrifuged for an additional 10 minutes at 12,000 x g, followed
by air-drying the pellet for at least 10 minutes at room temperature. Finally, the pellet was
resuspended in 30 uL of TE buffer (pH 8.0) and the concentration of DNA was measured by
nanodrop.

Individual phage genes were amplified using specific primers (1 pM), to which a T7
promotor was added on the forward primer, using Econotaq (Lucigen, Cat no. 30035-1). See
Table S2 for the primer sequences. The PCR products were purified prior to RNA conversion.
Briefly, 450 pL of 6M Guanidine Thiocyanate was added to 250 puL of PCR products and 50 pL
of 3M Sodium acetate (pH 5). This mixture was added to a silicon column (Econospin, Epoch
Life Sciences, Cat no. 1920-050/250,) and centrifuged for 1 minute at 12,000 x g. Flow-through
was discarded and column was washed with 500 pL of 3M Guanidine thiocyanate and
centrifuged at 12,000 X g for 1 minute. The column was subsequently washed by adding 500 uL
of 80% ethanol and spun at 12,000 X g for 1 minute. An additional 1-minute spin at 12,000 X g
was performed to remove any remaining trace amounts. The PCR products were eluted from the
column by addition of 30 puL of nuclease-free water and centrifuged for 1 minute at 12,000 x g.
They were subsequently converted to RNA as described in the main manuscript.

Immunofluorescent and confocal microscopy

For microscopy analysis, cells were washed three times with PBS and subsequently fixed
with 10% neutral buffered formalin for 5 minutes at room temperature. After permeabilization
with 0.5% Triton X-100, coverslips were washed twice with PBS and excess formalin was
quenched by incubation with 150 mM glycin, pH 8.0 (Fisher BioReagents, Cat. No. BP381) for
30 minutes. Coverslips were blocked with Sea Block blocking buffer (Thermo Scientific, Cat.
No. 37527) followed by incubation with primary antibodies in Sea Block overnight at 4°C.
Coverslips were washed three times with PBS and incubated with the appropriate fluorescently
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labeled secondary antibodies. In some experiments, phalloidin (Invitrogen, Cat. No. A12381) was
added together with the secondary antibodies to visualize F-actin. All antibodies were added at
the concentrations indicated in Table S3. Coverslips were mounted in ProLong Diamond
Antifade Mountant (Invitrogen, Cat. No. P36970) with DAPI to label nuclei. Fluorescent
specimens were examined using either conventional fluorescence microscopy (Leica DMI
6000B) or a confocal system (DMX BLAZE 3D SIM, GE Healthcare). Images were acquired
using Leica DFC365 FX camera and the Leica Application Suite X (Leica). Image analysis was
performed using FIJI (NIH). Movie S1 was created by capturing 0.2-pm slices with a 100x Plan
Apo 1.4 NA objective (Nikon). The system used was a Nikon Ti-E chassis with a Yokugawa
CSU-X1 spinning disc confocal, 405-, 488-, and 561-nm lasers, a motorized z-axis piezoelectric
stage (Applied Scientific), and an XR/MEGA-10EX camera (Stanford Photonics) running Micro-
Manger software. To create a movie out of the z-stack images, Imaris software (Bitplane) was
used. Surface rendering was performed using the “Surfaces” feature.

Anti-CoaB mAb hybridoma cultures

After thawing, each hybridoma cell line was initially grown in DMEM media containing
10% FBS, 2 mM L-glutamine (Sigma, Cat. No. G3126), 100 IU/mL penicillin, 0.1 mg/mL
streptomycin with 0.24 pg/mL amphotericin B (all from Sigma, Cat. No. A5955) and 50 mg/mL
gentamicin. The clones were adapted to grow in the presence of decreasing concentrations of FBS
(5%, 2.5%, 1%), while expanding from 25 cm? flasks to 75-175 cm? flasks. During the adaptation
phase, the cells were cultured at 37°C in a 90% humidified atmosphere with 5% CO, and were
maintained at the same concentration of serum for at least two passages. At the end of the
adaptation phase, all lines were grown in serum-free EX-CELL Hybridoma Medium (Sigma, Cat.
No. H4281).
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Figure S1: Full thickness wound infection model using luminescent Pa. A)
Luminescent signal from PAO1 detected in vivo after wound inoculation with 7.5 + 2.5 x
10> CFU/mL. n=14. B) Pf4 copy number and PAO1 CFU/mL from mouse wounds
infected with planktonic PAO1, 3 days post-inoculation. C) In vitro growth rate of
PAO1:lux and PAO1APf4:lux strains. D) In vitro bacterial CFU correlated to ODeoo of
the PAO1:lux and PAO1APf4:lux strains by linear regression analysis. Slopes were not
statistically different. E) In vitro luminescence correlated to CFU of the PAO1:lux and
PAO1APf4:1ux strains by linear regression analysis. Slopes were not statistically
different. All graphs are representative of n=3 experiments and n >2 replicates.
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Figure S2. Pf phage exacerbates morbidity and mortality during murine full-
thickness wound infection of PAO1. A) Luminescent signal from wounds infected for 3
days with 7.5 + 2.5 x 10> CFU/mL of luminescent PAO1APf4 or PAO1. Scale bars: 5
mm. B) Bacterial burden of wounds in experiment (Fig. 1J). Depicted are mean, SEM,
analysis by one-way ANOVA with Tukey’s multiple comparison. C) Infection rate in
dorsal full-thickness wounds infected for 3 days with 7.5 + 2.5 x 10> CFU/mL PAOL1 or
PAO1 supplemented with Pf4 before infection. Summary of n=2 experiments, n=12-14
wounds per group. Statistics: Fisher’s exact test. D) Luminescent signal reflecting
bacterial burden per wound in the experiment in (C). Depicted are mean and SEM,
statistics are Student’s #-test. E) Luminescent signal from wounds infected for 3 days with
107 CFU/mL luminescent PAO1APf4 or PAOI. Scale bar: 5 mm. F) Bacterial burden in
wounds infected with 107 CFU/mL PAO1APf4 or PAO1. =30 wounds/group,
representative of n>2 experiments. Depicted are mean and SEM, analysis by two-way
ANOVA.
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Figure S3. Analysis of inoculated wound beds for immune cell infiltrates. To
accommodate for Pf4 effects on PAO1 and the different infection rates of PAO1 and
PAO1APf4, we performed wound inoculation experiments with heat-killed (HK) PAO1.
A) Representative gating scheme for the flow cytometric analysis of wound immune
infiltrates. B-E) Flow cytometric analysis of immune infiltrates of B) CD45" cells; C)
dendritic cells; D) CD11b" cells, E) macrophages in wounds inoculated with PBS, HK
PAO1 and HK PAO1+Pf4. Immune cells were isolated 3 days post-infection through
enzymatic digestion. F-H) Representative images of hematoxylin and eosin (H&E)
wound staining 3 days post-inoculation with F) PBS, G) HK PAO1 and H) HK
PAO1+Pf4. Analysis of I) total wound cell count. Scale bars: 250 um. (B-E; I) depict
mean and SD. Analysis: (B-E; I) one-way ANOVA with Tukey’s multiple comparison.
All experiments are representative of n=3 experiments.
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Figure S4. Analysis of inoculated wound beds for wound healing. A-C)
Representative CD45 staining of wounds 3 days post-inoculation with A) PBS, B) PAO1
and C) PAO1+Pf4. Scale bars: 50 um. D-F) Representative images of hematoxylin and
eosin (H&E) wound staining 3 days post-inoculation with D) PBS, E) PAOI and F)
PAO1+Pf4. Scale bars: 250 um. G-J) Analysis of G) total cell count; H) CD45" cells; T)
granulation tissue and J) epithelial gap. (G-J) depict mean and SD. Analysis: (G-J) one-
way ANOVA with Tukey’s multiple comparison. All experiments are representative of
n=3 experiments.



Science Submitted Manuscript: Confidential

RAYAAAS
Fig. S5
A B C
= =0.0005
5 o= ax10%y P . 4= p<0.05
€ p<0.001 3 —
S _ (= = E °
D bm =) =}
(TR w (T8
<] S S o
S 4 S 2x10°4 =)
g 5 =
= kit k]
£ 3m 3 g
g . 8
[%} ﬁ o
S om 5 1x10% E
B £ N 1=
L. g . E a
© (=
g = $
2 £
E T T 0 T T 0=
PAO1 PAO1 PAO1 PAO1 320 5
+Pfa4 +Pf4 (Pf-) (Pf+)

—
Clinical P
aeruginosa isolates

-

Internalized bacteria (log,,CFU/mL) M
i i §
E. coli+ cells (% of live cells)
N I 3 o
o =] ) =] o
L 'l 'l 1l 'l

§

PAO1 1009  p=0.07
PAO1 —
+Pf4

p<0.05

Internalized bacteria (10° CFU/mL) O

Slopes not
statistically
different
0«
PAO1 PAO1 PAO1 0 20 40 60 PBS Pf4
APf4  APf4 Time (minutes)
+Pf4
G H
=3 PAO1 PAO1 + Pf4
15000 omy PZ0.001 4 ns.
p=0.07 & ns. -
s @D 3
o
2 _ © 34
3 10000= a 2 4= 2
& g 5
8 = 3 R 2+
wi £ "
5 2 3
= 5000 & o= 3
= & 1+
1= 8
ui
0= T T 0~
PBS Pf4 Internalization Adsorption PBS Pf4

Adsorption

Figure S5. Pf phages inhibit phagocytosis in macrophages, but do not affect
bacterial adsorption. A-B) Phagocytosis of live PAO1 and PAO1 supplemented with
exogenous Pf4 (PAO1+Pf4) by A) BMDMs and B) human primary macrophages. C)
Phagocytosis of human clinical Pa wound isolates negative (320) or positive (5) for Pf
phage by BMDCs. D) Phagocytosis of live PAO1APf4, PAO1AP{4 supplemented with
exogenous Pf4 (PAO1AP{f4+Pf4) and PAO1 by human primary macrophages. E) Linear
regression analysis of intracellular killing of PAO1 or PAO1+Pf4 in BMDMs. F)
Phagocytosis by BMDMs of E. coli-pHrodo particles in the absence or presence of
purified Pf4. G) MFI of E. coli-pHrodo-positive cells from (F). H) BMDM cell-
internalized and cell-associated PAO1 or PAO1+Pf4. I) Cell-associated E. coli-pHrodo in
Pf4-stimulated BMDCs. (A-I) are representative of >3 experiments and depict mean
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with SEM of n>3 replicates; analysis: two-tailed Student’s #-test. B; D) represent one
blood donor and n=2 replicates.
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Figure S6. Pf phages inhibit phagocytosis in a TNF-dependent manner. A) TNF
production in BMDMs stimulated with purified Pf4 and LPS. B) TNF production in
alginate-stimulated BMDCs in response to Pf4. Time-course analysis by two-way
ANOVA. C) Cell-associated E. coli-pHrodo in Pf4-stimulated BMDCs with exogenous
TNF. (A-C) are representative of n>3 experiments and depict mean with SEM of n>3
replicates; analysis: (A, C) two-tailed Student’s #-test. D) Wound infection rate 3 days
post-inoculation with 7.5 + 2.5 x 10> CFU/mL PAOI after treatment with PBS or TNF.
Summary of n=2 experiments with #=38 wounds/group; analysis = two-tailed Fisher’s
exact test.
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Figure S7. Pf phage-mediated immune inhibition is not due to contaminants. A-B)
Live BMDC:s after stimulation with A) E. coli-pHrodo and Pf4; B) Pf4 only. Results in
(A-B) normalized to live cells in PBS condition. C) TNF production in BMDCs after 24-
hour stimulation with LPS and Pf4 treated with RNAse, DNAse, benzonase or PBS. D)
SDS-PAGE with purified Pf4 from the PEG-precipitation pellet (left), supernatants from
PEG precipitation (middle) or crude bacterial culture (right). Band represents CoaB
protein (8.4 kDa). E) TNF production in BMDCs after 24-hour stimulation with alginate
and Pf4 purified by CsCl centrifugation. F) TNF production in BMDCs after 24-hour
stimulation with LPS, alginate or alginate with LPS. G-J) Experiments using purified Pf4
from PAO1 or an equivalent dilution from a mock phage preparation of PAOIAPf4. G)
TNF production in LPS-stimulated BMDC:s after 24 hours. H) TNF production in
alginate-stimulated BMDCs after 24 hours. I) E. coli-pHrodo-positive BMDCs after
phage stimulation. J) MFI of E. coli-pHrodo-positive BMDC:s treated as described in (I).
All graphs are representative of n>3 experiments and depict mean with SEM of n>3
replicates. Statistics: two-tailed Student’s #-test in (A, B, E, G-J); One-way ANOVA with
Dunnett’s multiple comparison in (C, F).
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Figure S8. Pf phages inhibit TNF protein in a type I interferon-dependent manner.
A) Phagocytosis by BMDCs of E. coli-pHrodo particles in the absence or presence of
purified Pf1. B) MFI of E. coli-pHrodo-positive BMDCs stimulated with Pf1 phage. C)
TNF production by cells used for mRNA in Fig. 3E. D) TNF mRNA upregulation in
BMDCs stimulated with alginate and Pf4 for 24 hours. E) TNF production by WT or
Ifnar”= BMDCs stimulated with LPS and Pf4 phage, as shown in Fig. 3H. F) TNF
production by WT or Ifnar/Ifngr~”= (Ifnr~'~) BMDCs stimulated with alginate or Pf4
phage for 72 hours. G) MFI of E. coli-pHrodo particles by WT or Ifnar/Ifngr™"= (Ifnr™")
BMDC:s stimulated with alginate and Pf4. Panels A-G) are each representative of n>3
experiments and depict mean with SEM of n>3 replicates. Statistics: two-tailed Student’s
t-test.
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Figure S9. Pf4 does not suppress NF-kB signaling. A) Whole cell lysate of BMDCs
stimulated with PBS, alginate or alginate and Pf4 for 30 minutes. B) Nuclear (N) and
cytosolic (C) extracts of BMDCs stimulated with PBS, alginate or alginate and P{4 for 30
minutes. LaminB1 was used as a nuclear marker. C) NF-xB luciferase reporter signal in
RAWG64.7 macrophages stimulated with LPS or alginate and Pf4 for 9 hours. The assay
shown is representative of #>3 experiments and depicts mean with SEM of n>3
replicates. Statistics: two-tailed Student’s #-test.



Science Submitted Manuscript: Confidential

AYAAAS
Fig. S10
A B C D E
200m
p<0.05 ns
«— S.
T T
15000m £ 150 H<0.05 & — 2
< — [7) ]
- g @ g
£ s b= &
gwooo- E 100= g g
w 3 < —
(<] (=]
£ 2 - 2
g = g
5000w = 50m =
[= [
O O i
WT T3 WT  TIr3- wT Tirg™~ WT  TIr27- WT  Cgas’™™ Sting”

Figure S10. Pf4 phage stimulate TLR3, but not other antibacterial PRRs. A) TNF
production by WT and T/r37~ BMDCs stimulated with alginate and Pf4, as seen in Fig.
4D. B) TNF production by WT and 7/r3”~ BMDMs stimulated with LPS and Pf4 for 24
hours. C) TNF production by WT and 779~ BMDCs stimulated with alginate and Pf4
for 24 hours. D) TNF production by WT and T/r2~~ BMDCs stimulated with alginate and

Pf4 for 48 hours. E) TNF production by WT, Cgas™~ and Sting”~ BMDCs stimulated
with LPS and Pf4 for 24 hours. All graphs are representative of n>3 experiments and
depict mean with SEM of n>3 replicates. Statistics: two-tailed Student’s z-test.
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Figure S11. Pf4 phage are internalized by BMDCs. A) Immunofluorescence
microscopy of Pf4 uptake by murine BMDCS stimulated with fluorescently labeled Pf4.
Scale bar: 25 um. B) TEM image of BMDCs without P4 stimulation (negative control to
Fig. 5SD-E). Magnification 15,000%. C) Same image as (B) but with beam blocker to
enhance gold contrast. Scale bars in (B-C): 500 nm. D) Beam blocker image of Fig. 5D.
E) Beam blocker image of Fig. SE. Scale bars in (D-E): 200 nm. F) Pf4 uptake by
BMDC:s treated with vesicular transport inhibitor brefeldin A. G) Flow cytometry
analysis of Pf4 uptake by CD14-positive cells. H) Percentage of individual immune cell
populations within wound-infiltrating immune cells that took up Pf4. (A, F-H) are
representative of n>3 experiments with n>3 replicates.
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Figure S12. Representative gating schematic for the flow cytometric analysis of

spleen and lymph node cells in Fig. 5G-H.
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Figure S13. Representative gating schematic for the flow cytometric analysis of

human PBMC:s in Fig. 51-J.
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Figure S14. Vaccination against Pf phage peptide raises protective antibodies that
do not impact Pf phage internalization. A) Vaccination protocol for immunization with
KLH-conjugated CoaB peptide. B) Absorbance signal from Pf phage-specific antibody
ELISA using serum from mice immunized with CoaB peptide. C) Passive immunization
protocol with monoclonal antibodies against CoaB. D) Immunoblot with denatured Pf
phage probed with various monoclonal antibodies against phage CoaB coat protein
(molecular weight CoaB=8.4 kDa) or a control mAb. E) Pf phage uptake by BMDCs
treated with anti-Pf mAbs for 3 hours or 24 hours. F) Phagocytosis of PAO1 by BMDCs

treated with Fc blocker. (E-F) are representative of n=3 experiments with n=3
Depicted are mean and SEM. Statistics: two-tailed Student’s #-test.

replicates.
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Table S1

Total (n, %) 12, 32% 25, 68% -
Age of patient in years

- Mean (SD) 75.08 (4.3) 61.6 (2.9) 0.0131
Gender (n)

- Male 6 (50%) 9 (36%) 0.4879
- Female 6 (50%) 16 (64%)

Race / ethnicity

- Caucasian 6 (50%) 17 (68%)

- Asian 1 (8%) 3 (12%) 0.1883
- Hispanic 5 (42%) 3 (12%)

- African-American 0 (0%) 2 (8%)

Body mass index in kg/n?

- Mean (SD) 29.63 (2.0) 27.95 (2.4) 0.6546
Age of wound inyears

- Median 0.5 2.1 0.0252
- Range 0.1-10.5 0.35-20.5
Comorbidities

- Diabetes Mellitus 4 (33%) 12 (48%) 0.4912
- Renal disease 1 (8%) 8 (32%) 0.2204
Recurrence of infection 3 (43%) 9 (43%)

Coinfection 8 (67%) 19 (76%) 0.6964
- Staphylococcus aureus 4 (33%) 10 (40%) >0.999
- Other Gram-positive 3 (25%) 8 (32%) >0.999
- Other Gram-negatives 5 (42%) 11 (44%) >0.999
- Candida species 1 (8%) 0 (0%) 0.3243

Table S1. Patient database for human wound infection swab collection. Clinical
information on the patients with culture-positive Pseudomonas aeruginosa (Pa) infected
non-healing wounds who participated in the wound swab study. Renal Disease was
defined as patients with Chronic Kidney Disease or End Stage Renal Disease. Statistical
significance was measured using Fisher’s exact test for the following parameters: Gender,
Infection Recurrence, Diabetes status, and Renal Disease status. Statistical significance
was measured using an unpaired Student’s z-test for Patient age and BMI, a chi-squared
test for Race/Ethnicity, and an unpaired two-tailed Mann-Whitney test for Wound Age.
Nine patients were excluded from the Infection Recurrence analysis because they did not
provide an answer on the patient questionnaire. SD = standard deviation.



Science

AVAAAS

Table S2

Name

T7 PAO723 F
T7 PAO723 R
T7 PAO724 F
T7 PAO724 R
T7 PAO727 F
T7 PAO727 R
T7 PAO728 F
T7 PAO728 R
PAO717 F
PAO717 R
PAO717 probe
Pf4 ig F

Pf4 ig R

Pf4 ig probe
PAO724 5F
PAO724 5R
PAO727 5F
PAO727 5R
PAO728 IF
PAO728 IR

Pf int 2F

Pf int 2R
PAO728 IR

Pf int 2F

Pf int 2R

Tnf F

Tnf R

Actb F

Actb R

plU_F

rplU R
rplU_probe

Submitted Manuscript: Confidential

Sequence (5°—3")

TAATACGACTCACTATAGAGCAATGAAGCAACGCATCG 238
CTTGCGCAACATGCTGTAGA
TAATACGACTCACTATAGCGATGAAGTTTGCGAGCCTG 1279
CGAGAAAACCGGAGAGCCAT
TAATACGACTCACTATAGAGCCACCTATTGCGGTTTCA 1428
CTTGGTCTTGAACCGCTTGC
TAATACGACTCACTATAGGACTCGTCGCGATCTGGAAA 1064
AGCCTTCAACCTATGAGCGG

TTCCCGCGTGGAATGC

CGGGAAGACAGCCACCAA

AACGCTGGGTCGAAG

GGAAGCAGCGCGATGAA

GGAGCCAATCGCAAGCAA

CAATTGCGCTGGTGAA

ACCTGGGAAAAGAAGGTCGAG

GATCGACGTTGGCCTTCACC

CGGTCTACGATCCGTTCTGG

GATCGCACTCGACCTGGAC

GTCTCTCGGAGTTGGTCGAA

AACGATGCCCGTTGCTCAAG

CAATGGTCGTCACGCAGAAC

CACCAGCGCAATTGCTTCAT

AACGATGCCCGTTGCTCAAG

CAATGGTCGTCACGCAGAAC

CACCAGCGCAATTGCTTCAT

CAGGCGGTGCCTATGTCTC

CGATCACCCCGAAGTTCAGTAG

GGCTGTATTCCCCTCCATCG

CCAGTTGGTAACAATGCCATGT

CAAGGTCCGCATCATCAAGTT

GGCCCTGACGCTTCATGT

CGCCGTCGTAAGC

Table S2. Primers and probes used in this study.

Fragment
length (bp)

Gene
length (bp)
248
1262
1292

983
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Table S3
Target Clone Application Manufacturer Conjugate  Concentration Host Species
Used Species  Targeted
B220 RA3-.6B2 Flow BioLegend, Cat. PerCP/Cy5.5 | 5 ug/mL Rat Mouse
Cytometry No. 103236
I-A/I-E | M5/114.15.2 | Flow BioLegend, Cat. Pacific Blue 5 pg/mL Rat Mouse
Cytometry No. 107620
CDl1lc | N418 Flow BioLegend, Cat. APC 1 pg/mL Armenian | Mouse
Cytometry No. 117310 Hamster
F4/80 BMS8 Flow BioLegend Cat. APC/Cy7 1 pg/mL Rat Mouse
Cytometry No. 123118
CD49b | DX5 Flow Invitrogen, Cat. PE 1 pg/mL Rat Mouse
Cytometry No. 12-5971-82
CD11b | M1/70 Flow Invitrogen, Cat. Alexa Fluor 1 pg/mL Rat Mouse
Cytometry No. 53-0112-80 488
Gr-1 RB6-8C5 Flow BioLegend, Cat. PE/Cy7 1 pg/mL Rat Mouse
Cytometry No. 108416
CD3 17A2 Flow BioLegend, Cat. Brilliant 5 pg/mL Rat Mouse
Cytometry No. 100232 Violet 785
CD8 53-6.7 Flow BioLegend, Cat. Brilliant 5 pg/mL Rat Mouse
Cytometry No. 100744 Violet 605
CD14 Sal4-2 Flow BioLegend, Cat. PerCP/Cy5.5 | 1 pg/mL Rat Mouse
Cytometry No. 123314
CD64 X54-5/7.1 Flow BioLegend, Cat. PerCP/Cy5.5 | 1 pug/mL Mouse Mouse
Cytometry No. 139307
TNF Mab22 Flow BioLegend, Cat. PE 1 pg/mL Mouse Mouse
Cytometry No. 502909
TNF 1F3F3D4 ELISA Invitrogen, Cat. 14- 2.5 pg/mL Rat Mouse
7325-85
TNF MP6-XT22/ | ELISA Invitrogen, Cat. Biotin 1.25 png/mL Rat Mouse
MP6-XT3 No. 13-7326-85
CD3 UCHT1 Flow Biosciences, Cat. Alexa Fluor 2 pg/mL Mouse Human
Cytometry No. 557943 700
CD4 RPA-T4 Flow BioLegend, Cat. PE/Cy7 1 pg/mL Mouse Human
Cytometry No. 300511
CD14 63D3 Flow BioLegend, Cat. PerCP/Cy5.5 | 2 pg/mL Mouse Human
Cytometry No. 367109
CD19 HIB19 Flow BioLegend, Cat. APC 2 pg/mL Mouse Human
Cytometry No. 302211
CD45 HI30 Flow BioLegend, Cat. APC/Cy7 2 pg/mL Mouse Human
Cytometry No. 304014
HLA- 1243 Flow BioLegend, Cat. Pacific Blue 2 pg/mL Mouse Human
DR Cytometry No. 307623
CD56 HCD56 Flow BioLegend, Cat. PE 2 ng/mL Mouse Human
Cytometry No. 318305
TLR3 Ab62566 Microscopy | AbCam, Cat. No. 1 pg/mL Rabbit Mouse
ab62566
NF-xB C-20 Immuno- Santa Cruz 1 pg/mL Rabbit Mouse
po5 blotting Biotechnology,
Cat. No. sc372
HSP90 | 4874 Immuno- Cell Signaling 1 pg/mL Rabbit Mouse
blotting Technology, Cat.
No. 4874
Lamin- | C-20 Immuno- Santa Cruz 1 pg/mL Goat Mouse
B blotting Biotechnology,
Cat. No. sc-6216
IxkBa 9242 Immuno- Cell Signaling 1 pg/mL Rabbit Mouse
blotting Technology, Cat.
No. 9242
Goat Immuno- Jackson HRP 1:25,000 Mouse Goat
IgG blotting ImmunoResearch
Laboratories, Cat.
No. 205-032-176
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Rabbit Immuno- Jackson HRP 1:25,000 Mouse Rabbit
1gG blotting ImmunoResearch

Laboratories, Cat.
No. 211-032-171

Table S3. Antibodies used in this study.
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Movie S1

3D image of BMDC internalizing Pf4 phage after 3 hours of incubation. Purple =
actin stain. Blue = DAPI stain. Green = Alexa Fluor 488-labeled Pf4.
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Bacteriophage trigger antiviral immunity and prevent clearance of bacterial infection

Johanna M. Sweere, Jonas D. Van Belleghem, Heather Ishak, Michelle S. Bach, Medeea Popescu, Vivekananda Sunkari,
Gernot Kaber, Robert Manasherob, Gina A. Suh, Xiou Cao, Christiaan R. de Vries, Dung N. Lam, Payton L. Marshall, Maria
Birukova, Ethan Katznelson, Daniel V. Lazzareschi, Swathi Balaji, Sundeep G. Keswani, Thomas R. Hawn, Patrick R. Secor
and Paul L. Bollyky

Science 363 (6434), eaat9691.
DOI: 10.1126/science.aat9691

Phage subverts immune response

Pseudomonas aeruginosa (Pa) is a multidrug-resistant Gramnegative bacterium commonly found in health care
settings. Pa infections frequently result in considerable morbidity and mortality. Sweere et al. found that a type of
temperate filamentous bacteriophage that infects and integrates into Pa is associated with chronic human wound
infections. Likewise, wounds in mice colonized with phage-infected Pa were more severe and longer-lasting than those
colonized by Pa alone. Immune cell uptake of phage-infected Pa resulted in phage RNA production and inappropriate
antiviral immune responses, impeding bacterial clearance. Both phage vaccination and transfer of antiphage antibodies
were protective against Pa infection.

Science, this issue p. eaat9691

ARTICLE TOOLS http://science.sciencemag.org/content/363/6434/eaat9691
nsn'-"\';'l’z'ﬁ'lf"‘\"éNTARY http://science.sciencemag.org/content/suppl/2019/03/27/363.6434.eaat9691.DCH1
REFERENCES This article cites 51 articles, 11 of which you can access for free

http://science.sciencemag.org/content/363/6434/eaat9691#BIBL

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive
licensee American Association for the Advancement of Science. No claim to original U.S. Government Works. The title
Science is a registered trademark of AAAS.

6102 ‘g2 yote uo /6o Bewaousios aousios//:diy wol papeojumog


http://science.sciencemag.org/content/363/6434/eaat9691
http://science.sciencemag.org/content/suppl/2019/03/27/363.6434.eaat9691.DC1
http://science.sciencemag.org/content/363/6434/eaat9691#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

