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The plasma membrane is a selectively permeable lipid bilayer that separates cells from their 
surroundings.  Numerous different lipid species, cholesterol, and a variety of different proteins form the 
plasma membranes of mammalian cells. One class of lipids, the sphingolipids, and their metabolites 
serve both as structural components in the plasma membranes of mammalian cells, and as bioactive 
signaling molecules that modulate fundamental cellular processes. Though segregation of the 
sphingolipids into distinct membrane domains is likely essential for cellular function, the sphingolipid 
distribution within the plasma membrane and the mechanisms that regulate it are poorly understood.  
 
To overcome these disadvantages, we pioneered the use of high-resolution SIMS, performed with a 
Cameca NanoSIMS 50, for directly imaging metabolically incorporated, stable isotope-labeled lipids in 
actual cell membranes. The NanoSIMS 50 is a state-of-the-art magnetic sector secondary ion mass 
spectrometer that can image the elemental and isotopic composition at the surface (top 5 nm) of a 
sample with high sensitivity and as high as 50-nm-lateral resolution.  In order to visualize the cholesterol 
and sphingolipids in the plasma membrane, we used metabolic labeling with 15N-sphingolipid precursors 
(15N-sphingosine and 15N-sphinganine) and 18O-cholesterol to selectively incorporate distinct stable 
isotopes, 15N and 18O, into the sphingolipids and cholesterol, respectively, in living mouse fibroblast 
cells. Then we chemically fixed the cells with a method that does not alter membrane lipid distribution 
[1,2].  Well-preserved cells with normal morphologies are identified by imaging with low voltage 
secondary electron microscopy (SEM). To increase secondary ion yields, the cell samples are coated 
with a thin (3-nm) iridium layer that does not alter the lipid distribution on the cells. Then we used a 
Cameca NanoSIMS 50 instrument to map the lipid-specific isotope enrichments on their surfaces better 
than 100-nm-lateral resolution. 
 
Using this approach, we have previously shown that the 15N-sphingolipids are enriched within distinct 
domains in the plasma membranes of fibroblast cells [2]. Here we report how we have used this 
approach to probe the mechanisms responsible for this sphingolipid organization. We investigated 
whether the sphingolipid domains are dependent on cholesterol-sphingolipid interactions, or the 
diffusion barriers that are established by the cytoskeleton and its associated membrane proteins by using 
SIMS to image the effects of cholesterol depletion and actin depolymerisation on 15N-sphingolipid 
distribution in the plasma membrane [2,3]. We also assessed whether these 15N-sphingolipid domains 
are co-localized with hemagglutinin, a specific membrane protein that is thought to have an affinity for 
sphingolipid-enriched membrane domains.  Our results indicate that the sphingolipid organizations in 
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the plasma membranes of fibroblasts are dependent on the cytoskeleton, but not on favorable 
interactions with cholesterol or hemagglutinin.    
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