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Supplemental Figure 1: Pa-NP vaccination with a gold core provides partial protection against lethal 
pneumonia. A) Active immunization scheme with RBC-NP and Pa-NP formulated with a gold core (Au-NP), 
Mice were immunized subcutaneously with 1 μg RBC-NP or Pa-NP. B) Mortality curves in mice vaccinated with 
1 μg RBC-NP or Pa-NP and intratracheally infected with ~1 x 107 CFUs PA14 pneumonia. Mice were monitored 
for mortality for seven days. C) Anti-Pa IgG titers from B). Titers were assessed by mandibular cheek bleeding 
and ELISAs on day 0, 7, 14, and 28. Means ± SEM. n=5/group, representative of one experiment. D) % A549 or 
E) % human microvascular endothelial cell (HMVEC) viability after incubation with Pa-STING or Pa-PLGA 
particles for 48 hours. Cells were incubated with increasing concentrations of Pa-STING or Pa-PLGA particles 
and viability was measured by CytoTox 96 non-radioactive cytotoxicity assay. Representative of three 
independent experiments. 
 

 

  



 
 
Supplemental Figure 2: Gating strategy for dendritic cell activation. For antigen presenting cell analysis, 
bone marrow derived dendritic cells were stimulated for 48 hours, harvested, stained and analyzed on a BD 
FACS Canto II. Cells were gated cells, singlets, live, CD11c+/F4/80-. Dendritic cells were further gated on CD86, 
CD40, and CD86. Gates were drawn with single-stained and unstained controls and with fluorescence minus 
ones. 



 

 

Supplemental Figure 3: Gating Strategy for ILN Flow Cytometry. For antigen presenting cell analysis, 
inguinal lymph nodes were processed for single cell isolation, stained and analyzed on a BD FACS Canto II. 
Cells were gated cells, singlets, live. B cells were gated CD19+. Dendritic cells were gated CD11c+. Macrophages 
were gated F4/80+. Dendritic cells were further gated on CD86, CD40, and CD86. Gates were drawn with single-
stained and unstained controls and fluorescence minus ones. 
 
 
 



 
 
Supplemental Figure 4: Pa-STING vaccination does not induce toxicity in the hematology compartment. 
A) Percent weight gain during vaccination with 1 μg RBC-STING or Pa-STING. Mice were weighed on days -6, 
0, 1, 7, 14, 15, 28, and 42. Serum B) creatinine and C) aspartate aminotransferase (AST) levels from mice 
vaccinated with 1 μg RBC-STING or PA-STING on days 0, 7, 14. Creatinine and AST levels were analyzed by 
Hemovet on days -6, 1, 15, 28, and 42. D-I) Hematology results from mice vaccinated with 1 μg RBC-STING or 
PA-STING on days 0, 7, 14. D) white blood count, E) polymorphonuclear cells (PMNs), F) lymphocytes, G) red 
blood cells (RBCs), H) hemoglobin, and I) hematocrit were analyzed by Hemovet on days -6, 1, 15, 28, and 42. 
Means ± SEM. n=5-10/group. (A-I) Two-way ANOVA with Sidak’s multiple comparison’s post-test. n.s. not 
significant. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. All data is listed in Supplemental Table 1 and 
Supplemental Data File. 
 
 
 
  



 
 

 
 
Supplemental Figure 5: Comprehensive serum chemistry and hematology from RBC-STING and Pa-
STING vaccinated mice. Mice were vaccinated with 1 μg RBC-STING or Pa-STING on days 0, 7, and 14. Mice 
were infected with 0.5-1 x 107 CFUs PA14 or left uninfected on day 28. On Day 29 blood was collected by 
submandibular cheek bleeding and serum was isolated. Whole blood and serum were sent for comprehensive 
serum chemistry and hematology by IDEXX Technologies. Some samples were pooled from two mice to reach 
the minimum volume necessary. The grey box indicates the normal expected range for B6 mice. Means ± SEM. 
n=5-6/group, two independent experiments pooled. Mixed model two-way ANOVA with uncorrected Fisher’s 
LSD post-test. n.s. not significant. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. All data is listed in the 
Supplemental Data File. 
 
 
  



 
 
Supplemental Figure 6: Histopathology of RBC-STING and Pa-STING vaccinated mice. Mice were 
vaccinated with 1 μg RBC-STING or Pa-STING on days 0, 7, and 14. On Day 29 mice were humanely 
euthanized, the lungs were perfused with 10% formalin and removed along with the thymus, heart, liver, kidneys, 
spleen, adrenal glands, and sternum. Organs were fixed for 24 hours in 10% formalin, rinsed and stored to 70% 
EtOH prior to paraffin block embedding, sectioning, and H&E staining by the UCSD Biorepository and Tissue 
Technology Shared Resources. Sections were blindly scored by a board-certified veterinary pathologist. Two 
independent experiments pooled, n = 3-6/group. 
 
 
  



Supplemental Figure 7: No sex differences were observed in unvaccinated and vaccinated mice 
following intratracheal infection to PA14. A) Male and female survival data was pooled from Figure 4B and 
4C and analyzed using Kaplan-Meier (Log-rank). Median survival: male = 2.0 days, female = 2.0 days. B) Male 
and female survival data pooled from Figure 4D and 4E and analyzed using Kaplan-Meier (Log-rank). Median 
survival: Male RBC-STING = 2.0 days, Female RBC-STING = 2.0 days. All other conditions had indeterminate 
median survival times. 
 
  



 
 
Supplemental Figure 8: Immune infiltrating cells in BAL in RBC-STING and Pa-STING vaccinated and 
PA14 infected mice. Mice were vaccinated with 1 μg RBC-STING or Pa-STING weekly on days 0, 7 & 14, and 
infected with ~0.5-1 x 107 CFUs PA14 intratracheally on Day 28. RBC-STING vaccinated uninfected mice were 
used as a control. 20 hours p.i., mice were humanely euthanized and lung immune infiltrates were collected by 
BAL. Cells were stained, fixed and analyzed by flow cytometry. A) Quantification of cell populations as a percent 
of total live cells. B) Quantification of total number of live cells. A) & B) n = 10/group, two independent 
experiments pooled. Means ± SEM. C) Representative flow plots depicting cell populations in A) and B). A gating 
strategy is depicted in Supplemental Figure 9. (A & B) Mixed model two-way ANOVA with Tukey’s or Sidak’s 
multiple comparisons post-test. n.s. not significant. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.  
 
 
 
  



 

 
 
Supplemental Figure 9: Gating Strategy for BAL Flow Cytometry. For BAL infiltrating cell analysis, mice 
were humanely euthanized 24 hours post infection. BAL was collected, spun, stained and analyzed on a BD 
FACS Canto II. Gating strategy was based on the method by Van Hoecke et al (1). Cells were gated cells, 
singlets, live, CD11c. Alveolar macrophages were gated CD11cHi, Siglec F+/MHCII-. Dendritic cells were gated 
CD11cHi, Siglec F-/MHCII+. T cells were gated CD11cLo, CD3+/MHCII-. B cells were gated CD11cLo, 
CD19+/MHCII+. Eosinophils were gated CD11cLo, CD19-, Ly6G-/CD11b+. Neutrophils were gated CD11cLo, CD19-

, Ly6G+/CD11b+. Gates were drawn with single-stained and unstained controls and FMOs.  
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Supplemental Figure 10: Pa-STING vaccination provides protection against PA14 grown in artificial 
sputum media. A) Growth curves of PA14 grown in Luria broth (LB) or artificial sputum media (ASM). 
Representative of 2 independent experiments. B) Protein loading of LB vs ASM grown PA14 whole cell lysates 
and OMVs. ~10 μg of protein or lysate measured by BCA assay was loaded per lane and visualized with silver 
stain. C) Opsonophagocytic killing of PA14 grown in either LB or ASM by healthy human neutrophils incubated 
with pre-vax or post-vax rabbit serum. Percent surviving colony forming units (CFUs) relative to starting inputs 
is graphed. Pooled means of technical replicates from 2 independent experiments ± SEM. D) Survival curve of 
unvaccinated mice infected intratracheally with 0.7-2 x 107 CFUs PA14 grown in ASM. E) Survival curves from 
mice passively vaccinated with pre-vax or post-vax serum 72 hours prior to intratracheal infection with ~0.5-1 x 
107 CFUs PA14 grown in ASM media. Mice were monitored twice daily for 5-7 days. n = 8-10/group, two 
independent experiments pooled. F) Clinical scores (means ± SEM) from mice passively immunized with pre-
vax or post-vax serum and infected intratracheally with PA14 grown in ASM media. G) Opsonophagocytic killing 
of PA14 or clinical cystic fibrosis isolates PA107 and PA109 by healthy human neutrophils incubated with pre-
vax or post-vax rabbit serum. Percent surviving colony forming units (CFUs) relative to starting inputs is graphed. 
C) Mixed model two-way ANOVA with Tukey’s multiple comparisons post-test. E) Kaplan Meier (Log-Rank) test. 
F) Mixed model two-way ANOVA with Sidak’s multiple comparisons post-test. G) Unpaired two-tailed Student’s 
t-test. n.s. not significant. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.  
  



Supplemental Table 1: Pa-STING vaccination does not induce toxicity in the hematology compartment.  
 

 
 



 
Means ± SEM for hematology analysis conducted on plasma obtained by submandibular cheek bleeding from 
mice vaccinated with 1 μg RBC-STING or Pa-STING subcutaneously on days 0, 7, and 14. Plasma and serum 
were obtained on day -6, 1, 15, 28, and 42. Serum creatinine and aspartate aminotransferase (AST) were 
assessed by colorimetric kits according to the manufacturer’s instructions. All other values were obtained by 
Hemavet analysis. 
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