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Introduction

Cholesterol is a key molecule in biology, as a major structural component of cell membranes, and as a precursor of other vital compounds, such as hormones and bile [1,2]. Interestingly, sterol levels are regulated at the subcellular scale. Indeed high, intermediate, and low levels of sterol are found in the plasma membrane, endosome/Golgi apparatus, and mitochondria/endoplasmic reticulum, respectively [3,4]. This uneven sterol distribution between organelles results both from vesicular and non-vesicular transport mechanisms [5]. In particular, a class of proteins named Lipid Transfer Proteins (LTPs) plays a crucial role in the latter process. LTPs are cytosolic proteins which have a pocket that accommodates a lipid molecule; LTPs can capture, move, and deliver this lipid molecule within the cell [6][7][8]. The study of sterol transport inside cells faces a major obstacle, which is the ability to trace this type of molecule in situ. However, the use of natural fluorescent sterols that closely mimic cholesterol, fluorophore-labeled sterols, or fluorescent probes that can trace cholesterol distribution in cells, have advanced the understanding of sterol transport [9]. In this chapter, we describe the use of two fluorescent probes, GFP-D4 and filipin, to label and quantify plasma membrane and intracellular cholesterol levels.

The GFP-D4 probe is a fusion between the fluorescent protein GFP and the D4 fragment of perfringolysin O (referred to as θ toxin), a pore-forming toxin from the bacterium Clostridium perfringens. Perfringolysin O is a cholesterol-dependent cytolysin secreted as a water-soluble monomer that recognizes and binds cholesterol-rich membranes where it oligomerizes and creates pores. The D4 fragment of perfringolysin O is able to bind cholesterolrich membranes (>30 mol% cholesterol) but is devoid of pore-forming activity [10][11][12][13]. Interestingly, mutants of GFP-D4, able to bind membranes with less cholesterol, have been generated [14,15]. In this chapter, we describe the use of recombinant GFP-D4 to stain intracellular cholesterol, and to label plasma membrane cholesterol followed by its quantification by flow cytometry.

Filipin is a polyene macrolide extracted from the bacterium Streptomyces filipinensis [9,16]. Filipin is naturally fluorescent and specifically binds to sterols but not to esterified sterols. Owing to its toxicity, filipin is used on fixed cells. The use of filipin to label and quantify intracellular cholesterol is technically challenging: first, the probe is very sensitive to photobleaching which impedes its use for quantification; and second, it labels total cellular cholesterol, and especially the plasma membrane, making intracellular cholesterol difficult to image. Thus, to bypass these technical limits, we set up a new protocol, described in this chapter, which allows the imaging and quantification of intracellular cholesterol using filipin [17]. To avoid filipin photobleaching, we used a new generation confocal microscope equipped with a 355 nm UV-laser and ultrasensitive detectors. In addition, to visualize intracellular cholesterol pools, we treated live cells with methyl-β-cyclodextrin (MβCD), a molecule able to deplete cholesterol from the plasma membrane [18]. sensitive detector to decrease light dosage and thus filipin photobleaching (Fig 2). Typically, a single optical section comprising multiple randomly chosen cells is acquired (Fig. 3a).

Materials

Chemicals and buffers

13. On Day 1, positive control samples can be obtained by treating cells with U18666A to induce cholesterol accumulation in endosomes. Treat the cells with U18666A (2.5 µg/mL) in normal culture medium for 16 h at 37°C, and then wash with PBS.

14. At this step, an immunofluorescence staining can be done to detect the protein of interest in addition to cholesterol.

a) Incubate the cells with 500 µL of blocking solution at room temperature for 30 min, under gentle agitation. b) Add appropriate primary antibody diluted in 250 µL of blocking solution, and incubate for 3 h at room temperature, or overnight at 4°C, under gentle agitation. c) Wash 3 times with 1 mL of PBS (5 min each time). d) Add fluorescently-conjugated secondary antibodies (Alexa Fluor 488), and incubate 1 h at room temperature, under gentle agitation. e) Wash 3 times with 1 mL of PBS at room temperature (5 min each time).

15. At this step, an immunofluorescence staining can be done to detect the protein of interest in addition to cholesterol. a) Incubate the cells with 500 µL of blocking solution at room temperature for 30 min, under gentle agitation. b) Add appropriate primary antibody diluted in 250 µL of blocking solution, and incubate for 3 h at room temperature, or overnight at 4°C, under gentle agitation. c) Wash 3 times with 1 mL of PBS (5 min each time). d) Add fluorescently-conjugated secondary antibodies (Alexa Fluor 488), and incubate 1 h at room temperature, under gentle agitation. e) Wash 3 times with 1 mL of PBS at room temperature (5 min each time). f) Incubate the cells with 500 µL of filipin solution at room temperature for 30 min, under gentle agitation. g) Wash twice with 1 mL of PBS at room temperature (5 min each time). 16. Since filipin permeabilizes membranes, it allows antibody entry inside cells. Note that only some antibodies work in the presence of filipin; this has to be tested for your specific application.

17. The choice of the threshold value is somehow arbitrary. However, in order to allow a comparison between experiments, the threshold can be determined in control cells (no cholesterol accumulation) as the 99 th percentile of pixel intensity values. Evaluate this value for all images of control cells and calculate a mean intensity which will be defined as the threshold value.
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 1 U18666A [(3β)-3-[2-(Diethylamino)ethoxy]androst-5-en-17-one hydrochloride]: 1 mg/mL in water (stock solution). Store at -20 °C. 2. Methyl-β-cyclodextrin (MβCD) solution: Dissolve 660 mg of MβCD powder in 1 mL of water. Heat at 65°C for 15 min to dissolve, and vortex several times. Store this stock solution (500 mM) at -20 °C. Heat at 65°C for 15 min before use. 3. MβCD-cholesterol complex (MβCD/cholesterol molar ratio: 6.5/1) solution: Dissolve 2.65 g of MβCD in 25 mL of buffer (150 mM NaCl, 20 mM HEPES, 1 mM CaCl2, 5 mM KCl, 1 mM MgCl2, pH 7.5 adjusted with NaOH). Add 0.119 g of cholesterol powder (Sigma), mix, sonicate 3 times (10 min each) and heat (15 min at 65°C) to solubilize cholesterol. Store this stock solution (80 mM) at -20 °C. Heat at 65°C for 15 min before use. 4. Phosphate-buffered saline (PBS) 1X: 134 mM NaCl, 2.7 mM KCl, 8.1 mM Na2HPO4, 1.47 mM KH2PO4, pH 7.4. 5. Paraformaldehyde (PFA) stock solution: 16% (w/v) in water (EMS). Store at room temperature (see Note 1).
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 6 PFA solution (4% (w/v) in PBS 1X). Mix 10 mL of PFA stock solution (16%) with 4 mL of PBS 10X and 26 mL of water. Store at 4°C (see Note 1). 7. Filipin solution. To prepare 50 mL of filipin solution (0.1 mg/ml), first dissolve 5 mg of filipin powder in 200 µL of dimethyl sulfoxide (DMSO). Add this solution dropwise to 50 mL of PBS 1X under constant vortexing. Keep filipin protected from light. Aliquot this solution and store at -20°C. 8. 10% (w/v) bovine serum albumin (BSA) solution: Dissolve 1 g of BSA (Fraction V) in 10 mL of PBS 1X. Store the stock solution at -20 °C. 9. Blocking solution: 1% (w/v) BSA in PBS 1X. 10. Cell culture medium with and without serum. Trypsin solution (~30 µg/mL) and Trypsin-EDTA (~30 µg/mL -0.53 mM).
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