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Other Supplementary Material for this manuscript includes the following: 

(available at immunology.sciencemag.org/cgi/content/full/2/16/eaah5520/DC1) 

 

Movie S1 (.mov format). Listeria is captured by CD169+ macrophages early after 

infection. 

Movie S2 (.mov format). Listeria is captured by CD169+ macrophages early after 

infection. 

Movie S3 (.mov format). CD169+ macrophages transfer bacteria to CD8α+ DCs. 

Source data (Excel file) 



Materials and Methods 

Cell sorting and purification for RNA sequencing: Spleen cells from naïve or infected (12 hrs 

post infection) C57BL/6J mice were isolated as described above. Leukocytes obtained were 

negatively enriched (depleted B220, CD3, NK1.1, and GR-1) using STEMCELL Technologies 

and negatively selected cells were pooled. Enriched fractions were stained for live-dead marker, 

CD11b, CD11c, MHCII, CD8α, CD169, F/480, B220, NK1.1, and GR-1 (Table S6). CD169+ 

and F4/80+ cells were sorted on a Becton-Dickinson FacsAria II. RNAeasy Plus Microkit 

(Qiagen) was used to extract total RNA from sorted cells. RNA integrity was validated using an 

Agilent 2100 Bioanalyzer, and only samples with RIN values ≥ 7 were used (Fig. S3B) 

 

RNA-sequencing and data-set analysis: RNA-Sequencing libraries were prepared using the 

Illumina TruSeq Stranded mRNA library kit at the Center for Genome Innovation at UCONN 

Storrs, CT. The individual libraries were pooled together and run over 2 lanes on the Illumina 

HiSeq2500. Trimmomatic v0.32 was used to remove adapter sequences and bases with base 

quality lower than three and trimmed reads were mapped to reference genome (GRCm38.p84) 

with TopHat (v.2.0.13). G option on Cufflinks (v.2.2.1) was used for transcript assembly and 

FPKM quantification. Data was normalized using log2 transformation with 1 was added to the 

raw signal (FPKM+1) followed by quantile normalization using the preprocess Core package in 

R. From a total of 47,443 genes, 30,107 were excluded and only 17,336 differentially expressed 

genes were used for statistical analysis. To ensure reproducibility between biological replicates, 

Pearson correlation coefficients were calculated on the log2(FPKM+1) values and coefficient 

values ranged from 0.98-0.9 (Fig. S3C). Similarly, genes showed clear separation between 

CD169+ macrophages from naïve and infected mice as well as concordance among group 



replicates. Statistical analysis was performed using fold change and Independent T-test per 

comparison pair. The up-regulated genes were filtered using FC≥2 and FDR<0.05. Down 

regulated genes were filtered using FC-2 and FDR<0.05. These differentially expressed genes 

are graphically depicted in heatmaps with hierarchical clustering using z-scores. For the 

identified up-and down-regulated differentially expressed genes in each comparison group, we 

performed a gene ontology (GO) enrichment analysis using geneXplain bioinformatics software 

platform (v. 2017.1) and its PROTEOME database. The top fifteen GO terms, according to p-

values, were reported for different comparison groups and with a threshold for p-value ≤ 10-4. 

The sets of up- and down-regulated genes identified in each comparison were subjected to the 

promoter analysis using TRANSFAC (36). Each promoter was defined as the sequence within 

−500 to +100 coordinates, where the TSS of the main transcript of each gene was the point 0. 

The TFBS search on promoter sequences was done using the MATCH algorithm (37, 38) 

integrated in the GeneXplain platform and executed within the pre-defined workflows. In each 

comparison group, we used an enrichment fold (FE) ≥1.5. 

 

Bacteria quantification: Tissues were processed into single cell suspensions and were incubated 

at 4°C in 1% saponin for 1 hour. Tissue lysates were plated on brain heart infusion (BHI; 

Becton-Dickinson) agar containing 50 μg/ml streptomycin. Streaked BHI plates were incubated 

overnight at 37°C. Equal volumes of whole blood was collected and blood cells were lysed in 

1% saponin. Whole blood lysates were plated on BHI agar and incubated overnight at 37°C. Facs 

Aria sorted cell populations were incubated at 4°C in 1 % saponin for 1 hour. Cell lysates were 

plated on BHI agar and incubated overnight at 37°C. 

 



Flow cytometry: Spleens were incubated in RPMI containing 10% FCS and 100 U/mL 

collagenase IV for 30 minutes at 37°C. Subsequently the treated splenic tissue was dissociated 

into single cell suspension, treated with Tris-buffered ammonium chloride (TAC), and remaining 

leukocytes were stained for live-dead (Invitrogen, A-10168), CD45, CD11b, CD11c, CD169, 

CD8α, NK1.1, CD3,, MHCII, F4/80, Ly6C), Ly6G or CCR2 (Table S6). Cell suspensions were 

fixed and acquired using a Becton-Dickinson LSR-II. Cellular differentials were analyzed using 

FlowJo software.  

 

Confocal microscopy: Spleen tissue was fixed overnight at 4°C in PFA, lysine, and periodate 

(PLP) buffer and dehydrated in 30% sucrose overnight prior to embedding in OCT. 

Cryopreserved spleen tissue was sectioned and stained in 1X phosphate-buffered saline (PBS) 

containing 2% FCS, 2% goat serum, 0.5% Fc block and 0.05% Tween-20. Staining buffer was 

supplemented with 0.3% Triton-X for intracellular cytokine stains. Spleen sections were stained 

for L.m., CD169, CD11c, CD11b, Ly6G, B220, CD8α, NK1.1  or IFN-γ (Table S6).  Images 

were acquired on a Zeiss LSM 780 microscope using Zen software from Carl Zeiss.  

 

Confocal imaging analysis: Confocal images were analyzed using Imaris x64 version 7.7.0 

(Bitplane). Where noted, spot detection minus background was used to render bacteria and in-

situ IFN-γ stain. CD8α+ DCs were identified using the Colocalization function of the Imaris 

software where CD11c and CD8α co-expression on cells was determined using a colocalization 

coefficient. Isosurface function of the ImarisXT was used to construct 3D isosurface of the 

macrophage cell volume using the fluorescence of CD169 surface stain and threshold was 

adjusted to separate object from background.  To quantify bacteria that were inside or outside the 



CD169+ macrophages spots of bacteria were color coded and masked to determine whether the 

bacteria were intracellular or extracellular of isosurfaced object. 

 

Multiplex: Cytokine and chemokine protein was quantified from spleen lysate using Mouse 

Cytokine 23-plex Assay (Biorad).    

 

Statistics: All statistical analyses were performed using Prism GraphPad Software. For 

experiments comparing 2 groups, two-tailed Student t-test was used to determine statistical 

significance; p values <0.05 were considered significant. For bacterial quantification experiments 

non-Gaussian distribution was assumed and Mann-Whitney test performed. For experiments 

comparing three or more groups one-way ANOVA, Bonferroni test was used to determine 

statistical significance for sample groups that assume Gaussian distribution or Kruskal-Wallis H 

test with sample groups that assume non-Gaussian distribution; p values <0.05 were considered 

significant. Data are represented as mean  SEM, unless otherwise specified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 































Supplementary Movie Legends: 

Movie S1. Listeria is captured by CD169+ macrophages early after infection. 3D 

reconstruction of the combined z stacks image shown in Fig.1B.  The isosurfaced masking of the 

cellular volume using the CD169 fluorescence shows that the bacteria is inside CD169+ 

macrophage at 3 hpi. (Lm; green, CD169; Blue) 

Movie S2. Listeria is captured by CD169+ macrophages early after infection. Another 

example of isosurfaced masking of the cellular volume using the CD169 fluorescence showing 

the bacteria inside CD169+ macrophage at 3 hpi. (Lm; green, CD169; Blue, CD11c; red) 

Movie S3. CD169+ macrophages transfer bacteria to CD8α+ DCs. 3D reconstruction of the 

combined z stacks image shown in Fig.3C depicting the apparent transfer of bacteria by the 

CD169+ macrophages to CD8α+ DC. Note that the CD8α+ DC interacts closely with the 

infected CD169+ macrophage. (Lm; green, CD169; Blue, CD11c; red) 
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