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Figure S1: scRNA-seq analysis of cell clusters from WT and Pad2”- mice in alveoli

A. UMAP plots showing all BALF cells from WT and Pad2” mice. The plots represent the
following groups: 1, WT sham; 2, WT PA; 3, Pad2” sham; and 4, Pad2”" PA. BALF cells from
three mice were pooled to create one sample for each group.

B. UMAP plots displaying 22,193 cells categorized into 18 clusters from WT and Pad2”" mice,
comparing PA-induced sepsis and sham groups.

C. Expression levels of marker genes across ten distinct clusters of BALF cells from WT and Pad2
’ mice, illustrated by dot plots. The brightness of the circles represents log-normalized average
expression, while the circle size indicates the percentage of cells expressing the gene.

D. The Monocle prediction of the sham-PA developmental trajectory from WT sham, WT PA, Pad2
’sham and Pad2”" PA groups (Left panel). And the monocle prediction of myeloid cell-macrophage
developmental trajectory with each cell cluster shown separately (Right panel).
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Figure S2: Analysis of Myeloid Cell Clusters and NF-kB Signaling

A. Enrichment analysis of representative GO biological pathways for Cluster 1, 2, 3, and 4 myeloid
cells, illustrated by bar plots.

B. Heatmap showing NF-«B signaling gene expression within Cluster 0, 1, 2, 3, and 4 myeloid cells,
annotated by cluster types.
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Figure S3: Annotated MS fragmentation spectra of the citrullinated R171 peptides of NF-kB
p65 in BALF cells from WT and Pad2” mice. The MS spectra of the WT group (S3A, upper
panel) and Pad2” group (S3B) were exported from Scaffold PTM software, along with the related
fragmentation tables of the WT group (S3C, left panel) and Pad2”" group (S3C, right panel). The
Ambiguity Score (A-score) measures the probability of correct modification of citrullination site

location within the peptide based on the presence and intensity of site-determining peaks in the
MS/MS spectrum, with an A-score of >13 considered significant. The R171 peptide of the WT
group shows an A-score of 133.82, confirming the existence of the citrullinated R171 site in the

presence of PAD2 enzyme (S3A, lower panel). However, the R171 peptide was not modified by

citrullination after PAD2 deficiency and lacked an A-score.
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Figure S4: Validation of R171A mutant RAW264.7 cells.

A. Western blot analysis of HA-tag protein in R171A mutant RAW 264.7 cells and WT cells,
stimulated with PA-derived LPS (250 ng/mL, 24 hours) and control.

B. ELISA results showing levels of IL-1p, IL-6 and TNF-a in cell culture supernatant from R171A
mutant RAW 264.7 cells and WT cells stimulated with PA-derived LPS (250 ng/mL, 24 hour) and
control (n = 3-5). Data for all bar charts were analyzed using two-way ANOVA. Data are presented
as means = SEM. Asterisks (*) denote statistical significance, with P-values indicated as follows: *,
P<0.05; **, P <0.01.



Figure S5: Characterization of gold nanoparticles. Transmission electron microscopy (TEM)
image of gold nanoparticles (AuNPs).
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Figure S6: Characterization of Nanoparticle Size and Surface Charge.

A, B. Dynamic light scattering (DLS) measurements of [CAM-1-AFM41a-AuNPs from Batch 1 (A)
and Batch 2 (B), conducted before and after conjugation with anti-ICAM-1 antibody and AFM41a.
C. DLS measurements of the IgG-AFM41a-AuNP control, performed before and after conjugation
with anti-IgG antibody and AFM41a.

D. A summary of size (nm), polydispersity index (PDI), and zeta potential (mV) for ICAM-1-
AFM41a-AuNPs (Batch 1), ICAM-1-AFM41a-AuNPs (Batch 2), and the 1gG-AFM41a-AuNP
control, both before and after conjugation with the relevant antibodies and AFM41a.
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Figure S7: Characterization of Anti-ICAM-1 and IgG Control Loading Efficiency Using

Bicinchoninic Acid (BCA) Assay.

A. Correlation between anti-ICAM-1 and the BCA assay standard, bovine serum albumin (BSA).
The high correlation coefficient (R* = 0.995, k = 1.017) indicates that the anti-ICAM-1
concentration accurately aligns with the BSA standard, validating the suitability of the BCA assay
for quantifying the anti-ICAM-1 concentration.

B. Standard curve of the anti-ICAM-1 BCA assay, demonstrating a linear dynamic range from 0.4
mg/mL to 0.02 mg/mL. This ensures precise quantification of anti-ICAM-1 concentration before
and after conjugation.

C. Quantification of anti-ICAM-1 loading efficiency on the AuNP surface using the BCA assay.
The anti-ICAM-1 loading efficiency was calculated by subtracting the post-conjugation supernatant
concentration from the pre-conjugation supernatant concentration, both of which were quantified
using the BCA assay standard curve above. The starting AuNP concentration was 0.15 mg/mL (2.33
x 10" nps/mL). The initial anti-ICAM-1 concentration before conjugation was 0.108 mg/mL, while
the remaining concentration in the supernatant after conjugation was 0.09 mg/mL. Based on this
difference, the conjugated antibody molecules per AuNP were calculated to be 93.1 Ab/NPs,
confirming effective surface functionalization. All measurements were performed in triplicate to
ensure reproducibility.
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Figure S8: Characterization of AFM41a Loading Efficiency Using High-Performance Liquid

Chromatography (HPLC).

A. Chemical structure and molecular properties of AFM41a, with an exact mass of 495.25 Da and
a molecular weight of 608.59 Da in its salt form.

B. HPLC chromatogram of AFM4la detected in the supernatant for two batches of AuNP
conjugation, with a prominent peak at 15 min, indicating the presence of unbound AFM41a (as
marked in red). Chromatography was performed using a Thermo Fisher Vanquish Core LC system,
equipped with a 3 um C18 reverse-phase column (4.6 x 150 mm) and a UV-Vis detector set at A =
220 nm for AFM41a detection. AFM41a was dissolved in water, and HPLC samples were prepared
by mixing 800 pL of the aqueous sample with 200 pL of acetonitrile. The injection volume was 20
uL per run. An isocratic mobile phase consisting of 80% acetonitrile and 20% water (ACN—H-0)
with 0.1% trifluoroacetic acid (TFA) was used at a flow rate of 0.5 mL/min.

C. AFM41a standard curve, generated by titrating different concentrations and assessing peak area
to establish a linear dynamic range from 800 pg/mL to 0.781 pg/mL. The standard curve was used
to quantify the supernatant AFM41a concentration, and the drug loading efficiency of AFM41a was
calculated by subtracting the post-conjugation supernatant concentration from the pre-conjugation
supernatant concentration.

D. Quantification of AFM41a loading efficiency on the AuNPs. The starting AuNP concentration
was 0.15 mg/mL (2.33 x 10'! nps/mL). The initial AFM41a concentrations before conjugation were
12.84 pg/mL and 3.89 pg/mL, while the remaining concentrations in the supernatant after
conjugation were 11.58 pg/mL and 2.47 pg/mL, respectively. Based on this difference, the
conjugated AFM41a molecules per AuNP were calculated to be 6572.3 Drug/NPs and 7437.2
Drug/NPs, confirming successful drug loading. The measurements were performed in duplicate
using the HPLC assay to ensure reproducibility.
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Figure S9: AuNP uptake in LPS-stimulated macrophages.

A. Absorbance spectrum of the AuNP colloidal solution.

B. Microscopic image of AuNPs labeled with PE-conjugated anti-rat IgG. Scale bars represent 20
pm.

C. BMDMs were pre-treated with PA-derived LPS (250 ng/mL, 6 hours), then treated with or
without PE-anti-ICAM-1-AFM41a-loaded AuNPs (1 pg/mL, 5 pg/mL, 10 pg/mL, 20 pg/mL, 40
pg/mL) for 3 hours. Cells were analyzed by immunofluorescence to assess the uptake of AuNPs.
Scale bars represent 50 um.
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