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Cholesterol is the most abundant lipid in the plasma membranes (PMs) of animal cells. However, not all cholesterol molecules are available 
(or accessible) to participate in cellular signaling processes. Most of the PM cholesterol is sequestered by proteins and lipids such as SM. 
Cholesterol in excess of such sequestration is accessible at the cell surface and can be transported to the endoplasmic reticulum (ER) 
membrane, where it binds to cholesterol sensors and shuts down cholesterol synthesis and uptake (1, 2). Such control of the organization 
of cholesterol in PMs allows cells to maintain optimal cholesterol levels in the PM while avoiding cholesterol overaccumulation. The devel-
opment of nonlytic probes for these distinct states of PM cholesterol have allowed for visualization and quantification of cholesterol acces-
sibility (3, 4). In this image of CHO-K1 cells, accessible cholesterol is detected with ALOD4, a domain of anthrolysin O, a bacterial 
cholesterol-binding protein (red), and SM-sequestered cholesterol is detected with Ostreolysin A (OlyA), a fungal protein that binds SM/
cholesterol complexes (green). Cells were set up in medium A at a density of 30,000 cells per well of a 35-mm MatTek dish with a #1.5 glass 
coverslip bottom. The next day, media was removed, cells were washed twice with PBS, then treated with medium A (500 ml onto the coverslip) 
containing ALOD4-594 (3 mM) and OlyA-488 (3 mM). After incubation for 10 min at room temperature, cells were washed twice with PBS, 
fresh medium A (1 ml) was added to the dish, and cells were imaged immediately with a Zeiss LSM 880 microscope in a live-cell chamber 
set to 37°C. The pinhole was set to 1 Airy unit (AU), and 488 nm and 561 nm lasers were used to excite OlyA-488 and ALOD4-594, respec-
tively. ImageJ software was used to generate the grayscale and merge images (scale bar, 25 mm). While both ALOD4 and OlyA bind to the 
cell surface (peripheral staining), only OlyA is internalized into cells (speckled pattern) (4). This suggests that SM/cholesterol complexes 
may be enriched in areas of the PM that undergo endocytosis whereas accessible cholesterol is excluded from such areas. Instead, accessible 
cholesterol may rely on nonvesicular transporters, such as Aster/GramD1 proteins, to reach the ER and exert regulatory functions (5,6).

EQUIPMENT: Confocal Laser Scanning Microscope (Zeiss LSM 880; Instrument funded by NIH 1S10OD021684-01 to Kate Luby-Phelps)
REAGENTS: ALOD4-594 – ALOD4 labeled at its lone cysteine with Alexa Fluor 594 C5 maleimide (Invitrogen); OlyA-488 – OlyA labeled 
at its lone cysteine with Alexa Fluor 488 C5 maleimide (Invitrogen); Medium A – 1:1 mixture of Ham’s F-12 and DMEM supplemented with 
5% FCS, 100 units/ml penicillin, and 100 mg/ml streptomycin sulfate.
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