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Figure S1. Assessment of the surface charge of maturing phagosomes. (A–C and F–H) RAW macrophages were cotransfected with mRFP-
Palm and either GFP-8+ (A), GFP-5+ (B), GFP-2+ (C), or Lact-C2 (F–H). The cells were exposed to IgG-opsonized latex beads, and confocal images were 
acquired 1 min, 5 min, or 1 h after initiation of phagocytosis. GFP fluorescence of the surface charge probes is shown in the main panels, whereas mRFP-
Palm is shown in the insets. Images are representative of 20 cells from two similar experiments. The crosses denote the position of the beads. (D, E, and I) 
Quantification of the fluorescence intensity of GFP-8+, GFP-5+, and Lact-C2 (green bars in D, E, and I, respectively) and mRFP-Palm (red bars) at the speci-
fied stage of maturation. Results are presented as the ratio of fluorescence intensity at the phagosome to that in the bulk, unengaged plasma membrane 
(PM). Data are means ± SD of 10–20 cells from a typical experiment. Bars, 2 µm.
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Figure S2. Distribution of the transmembrane marker GT46 compared with the surface charge probe and the PS biosensor dur-
ing phagocytosis and phagosome maturation. (A–E) RAW macrophages were cotransfected with GT46-GFP and either R-premRFP (A–C) or Lact-
C2-mRFP (D and E). The cells were exposed to IgG-opsonized sRBCs, and confocal images of the same cell were captured at the indicated times (A–C), or 
images of separate cells were captured at early and late time points (D and E). Images are representative of 20 cells from two similar experiments. Insets 
shows a magnified phagosome as marked by the box. Bars, 2 µm.
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Figure S3. Lipid-binding specificity of the anti-PS antibody and annexin-V. (A) Alexa Fluor 488–conjugated anti-PS antibody was added to 
C18 nucleosil beads coated with 100% PC or PC with either 20% PE, 2% PI, 2% PI(4,5)P2, 20% PA, or 20% PS and suspended in 20 mM Tris-HCl buffer. 
Binding of the antibody to the lipid-coated beads was quantified by flow cytometry and normalized to the background fluorescence measured when the 
beads were incubated with an equivalent amount of an irrelevant, isotype-matched antibody. (B) Binding of annexin-V to LUVs was measured by FRET. 
Annexin-V was added to LUVs containing PC or PC with either 20% PE, 2% PI[4]P, 2% PI[4,5]P2, 20% PG, 20% PA, or 20% PS. In all cases, the LUVs also 
contained 2% dansyl-PE, which served as the FRET acceptor. Binding of annexin-V to the LUVs was assessed by exciting the tryptophan residues of the 
protein at 280 nm while collecting the emission from dansyl at 505 nm. FRET resulting from binding of annexin to liposomes was measured in the presence 
and absence of calcium, which is required for annexin binding. The FRET signal observed in the absence of calcium, indicative of nonspecific binding, was 
subtracted from the signal recorded in the presence of calcium. To facilitate comparison between experiments, the data are normalized to the binding to 
PC liposomes recorded in the absence of calcium. Data are means ± SEM of three separate experiments.
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Figure S4. Membrane fusion and fission during phagosomal maturation. RAW macrophages were transfected with Lact-C2-GFP, their endosomes 
were labeled with a 15-min pulse of FM4-64 (A–C), or their forming phagosomes were labeled with rhodamine-labeled cholera toxin subunit B (CTB; D–F). The cells 
were exposed to IgG-opsonized sRBCs and imaged. Vesicles staining positively for PS (A and C) and the endosomal marker FM4-64 (B and C) were observed to 
fuse with the phagosome. Endosomal fusion was confirmed by the appearance of a ring of FM4-64 around the maturing phagosomes (A–C, arrows). Tubules and 
vesicles containing both Lact-C2 (D and F) and cholera toxin subunit B (E and F) were observed to protrude and undergo fission from the phagosome (arrows). Insets 
show a magnified phagosome as marked by the box. Images are representative of 20 cells from two similar experiments. Bar, 2 µm.
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Figure S5. Phenotypic assessment of the endocytic pathway in wild-type and PS-deficient yeast. (A) Vacuolar acidification in wild-type 
and PS-deficient (cho1) cells. Wild-type or cho1 yeast were grown to early log phase in YPD medium, and vacuolar acidification was assessed using qui-
nacrine, as described in Materials and methods. (B and C) Kinetics of FM4-64 internalization and delivery to the vacuole. Wild-type (B) or cho1 (C) cells 
were grown to early log phase, stained with FM4-64 for 30 min, and chased at 30°C for 15 and 45 min, as indicated. DIC, differential interference 
contrast. Bars, 4 µm.
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Video 1. Distribution of charge and membrane markers during phagosome formation and matura-
tion. RAW macrophages cotransfected with GT46-GFP and R-premRFP were exposed to IgG-opsonized sheep red blood 
cells, and confocal images were captured throughout the indicated period. This video corresponds to Fig. S2 and is shown 
at six frames per second. The inset shows a magnified phagosome as marked by the box.

Video 2. Distribution of PS during phagosome formation and maturation. RAW macrophages were trans-
fected with the PS biosensor GFP-Lact-C2 and exposed to IgG-opsonized sRBCs. Confocal images were acquired for 24 min 
47 s, as indicated by the timer display. Note that the phagosome formed near the top of the cell, which undergoes extensive 
interactions with GFP-Lact-C2–positive vesicles and tubules. The video is shown at 12 frames per second. 
  


