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Figure 1. Ceramide alters localization of C-terminus of GPCRs containing the GXXXN motif. (A) Schematic
illustration of topological inversion of C-terminally tagged GPCRs. (B) HEK-293 cells transfected with a plasmid
encoding the indicated GPCR fused with a SNAP-tag at the C-terminus were treated with 8 uM Cg4-ceramide for 16
hr, and labeled with a cell permeable or impermeable SNAP-tag substrate. The ratio of fluorescent signal
generated from cell impermeable versus that from cell permeable substrate was reported, with the value from
cells untreated with C4-ceramide set at 1. Results were reported as Mean +£S.E. from triplicate incubations of a
typical experiment. Similar results were obtained from two other independent experiments. (C-F) SV589 cells
transfected with pCCR5-Myc were treated with Cy-ceramide as described in B, and subjected to
immunofluorescent microscopy analysis with anti-Myc in the absence (C, D) or presence (E, F) of saponin-
mediated cell permeabilization. Scale bar = 50 um.
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Figure 1—figure supplement 1. Ceramide does not increase cell permeability. SV589 cells were treated with or without Cé-ceramide and detected for
expression of Giantin, a Golgi marker, by immunofluorescent microscopy in the absence or presence of saponin as described in Figure 1C-F.
DOI: https://doi.org/10.7554/eLife.40234.003
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Figure 2. Ceramide stimulates RAT of CCR5. (A) Schematic illustration of the effect of RAT on O-linked
glycosylation of CCR5. (B) SV589 cells transfected with pCCR5-myc were treated with 8 uM Cg-ceramide for the
indicated time followed by immunoblot analysis with anti-Myc. (C) SV589 cells transfected with the indicated
plasmid were treated with or without 8 uM Cg-ceramide for 16 hr followed by immunoblot analysis with anti-myc.
(D) HEK293 cells transfected with pSNAP-CCR5 were treated with 8 uM Cg4-ceramide for 16 hr, labeled with a cell-
impermeable fluorescent substrate for SNAP-tag, and quantified the labeling reaction through a fluorimeter.
Results are reported as mean +S.E. from triplicate incubations of a typical experiment. (E) Schematic illustration of
the effect of RAT on cell surface labeling of extracellular cysteine residues in wildtype and the topology reporter
CCR5. (F and G) SV589 cells transfected with Myc-tagged wildtype or topology reporter CCR5 were treated with 8
UM Cg-ceramide for 16 hr. After cell surface labeling of extracellular cysteine residues with biotin, cell lysates were

Figure 2 continued on next page
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Figure 2 continued

precipitated with streptavidin beads. Equal fractions of whole cell lysate (W), pellet (P) and supernatant (S) were
subjected to immunoblot analysis with anti-Myc.
DOI: https://doi.org/10.7554/eLife.40234.006
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Figure 2—figure supplement 1. Mutations bocking glycosylation do not affect RAT of CCR5. Localization of the Myc-tag fused at the C-terminus of

CCR5(S6A, S7A, T16A, S17A) was analyzed as described in Figure 1. Scale bar = 50 um.
DOI: https://doi.org/10.7554/elife.40234.007
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Figure 2—figure supplement 2. Ceramide treatment
does not affect expression of SNAP-CCR5. HEK293
cells were setup, transfected, and treated as described
in Figure 2D. The amount of transfected SNAP-tagged
CCRS was analyzed by immunoblot analysis with anti-
SNAP.

DOI: https://doi.org/10.7554/eLife.40234.008
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Figure 3. LPS induces RAT of CCRS5 in primary mouse macrophages. (A-I) Mouse macrophages were treated with
or without 100 ng/ml LPS in the absence (B-E) or presence of 30 uM FB1 (F-I) for 16 hr. (A) The amount of
dihydroceramide with the indicated amide-linked acyl chains in the cells was determined through LC-MS
measurement. Results are reported as mean +S.E. from three independent experiments. (B-I) Macrophages were
subjected to immunofluorescent microscopy analysis with an antibody against the seoncd extracellular loop of
CCR5(A) in the absence or presence of saponin-mediated cell permeabilization. Scale bar = 10 um. (J and K)
Macrophages treated without (J) or with (K) 100 ng/ml LPS for 24 hr were subjected to immuno-gold EM analysis
with an antibody against the N-terminal domain of CCR5. Scale bar = 200 nm. (L) The number of intracellular and
extracellular-localized CCRS labeled by gold clusters per cell was quantified from macrophages treated with

(n = 20) and without LPS (n = 28). The results are reported as mean £5.D. This number should be smaller than that
of CCR5 molecules, as it did not include CCR5 labeled by a single gold particle, the specificity of which was
difficult to determine.

DOI: https://doi.org/10.7554/eLife.40234.009
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Figure 3—figure supplement 1. The specificity of CCR5 immunofluorescent microscopy. Permeabilized mouse
macrophages from wildtype (WT) or Ccr5 mice were subjected to immunofluorescent microscopy analysis with an
antibody against the second extracellular loop of CCR5(A). Scale bar = 10 um.

DOI: https://doi.org/10.7554/eLife.40234.010
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Figure 3—figure supplement 2. CCR5 is localized on cell surface regardless of LPS treatment. Lighter exposure
of images shown in Figure 3D and E. Scale bar = 10 pm.
DOI: https://doi.org/10.7554/eLife.40234.011
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Figure 3—figure supplement 3. LPS stimulates RAT of CCR5 in macrophages. CCR5 was detected in macrophages through EM as described in
Figure 3J and K. Scale bar = 100 nm.
DOI: https://doi.org/10.7554/eLife.40234.012
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Figure 4. LPS injected intraperitoneally induces RAT of CCR5 in macrophages. Macrophages isolated from
peritoneal cavity of mice injected intraperitoneally with 1 mg/kg LPS and 1 mg/kg FB1 for 16 hr were analyzed as
described in Figure 3B-I. Scale bar = 20 um.

DOI: https://doi.org/10.7554/eLife.40234.013
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Figure 5. RAT of CCR5 blocks migration of macrophages toward CCL5. (A) Migration of macrophages from mice
with indicated genotype was assayed in transwell plates for 24 hr with or without 100 ng/ml LPS in the upper wells
and 100 nM CCLS5 as the chemoattractant in lower wells. Signals generated in the absence of CCL5 were
subtracted to normalize for random migration. (B) Migration assays were performed as described in (A) with
wildtype macrophages incubated with LPS and 30 uM FB1 in upper wells as indicated. (A and B) Results were
reported as mean %S.E. from three independent experiments, with the value obtained from untreated WT
macrophages set at 100%.
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Figure 6. A speculative model illustrating LPS-induced topological inversion of CCR5 through RAT. Upon infection, cells surrounding the bacterial
infected sites secret chemokines including CCL5. Through its interaction with CCR5 expressed in unprimed macrophages that adopts a topology
consistent with that of a GPCR (CCR5(A)), CCLS5 attracts migration of macrophages toward the infection site. Upon encounter with bacterial byproduct
LPS, the increased production of dihydroceramide in macrophages causes RAT of CCR5, leading to expression of CCR5 with an inverted topology
(CCR5(B)). This topological inversion prevents further migration of macrophages toward CCL5.

DOI: https://doi.org/10.7554/elife.40234.015
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