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Abstract

There is increasing evidence that G protein-coupled receptor (GPCR) signaling is regulated in

lipid raft microdomains. GPCRs and GPCR-signaling molecules, including G proteins and protein

kinases, have been reported to compartmentalize in these microdomains. Dopamine D1-like

receptors (D1R and D5R) belong to a family of GPCRs that are important in the regulation of renal

function. These receptors are not only localized and regulated in caveolae that contains caveolin-1

but are also distributed in non-caveolar lipid rafts which do not contain caveolin-1. This chapter

describes detergent- and non-detergent-based methods to obtain lipid raft fractions from renal

proximal tubule cells.
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1. Introduction

Dopamine receptors belong to the α group of the rhodopsin-like family of G protein-coupled

receptors (GPCRs) and are classified into two subfamilies depending on their effect on

adenylyl cyclase activity. The D1-like receptors (D1R and D5R) stimulate while the D2-like

receptors (D2R, D3R and D4R) inhibit adenylyl cyclase activity (1). Dopamine D1-like

receptors have been implicated in the modulation of various neural processes, including

learning, memory, reward, and motor activity (2, 3), and in the regulation of blood pressure

by actions on the adrenergic nervous system, hormone secretion, and epithelial ion transport

(1).

Lipid rafts are membrane microdomains composed of cholesterol, sphingolipids,

glycosylphosphatidylinositol-linked (GPI-linked) proteins, and other proteins such as

caveolin (4–6). Caveolae and lipid rafts have been implicated to play a role in cellular

processes like membrane sorting, receptor trafficking, signal transduction, and cell adhesion.

Lipid rafts serve as signaling platforms for several signaling molecules such as G protein

subunits, enzymes, and adaptor proteins that play important roles in signal transduction in a

variety of mammalian cells (4–7). Lipid rafts are characterized by their relative insolubility

in nonionic detergents at 4°C and light buoyant density on sucrose gradient (4, 7). Among

the lipid rafts, caveolae are the best characterized, are localized on cell surface
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invaginations, and are formed by polymerization of caveolin proteins with cholesterol (5–9).

Three caveolin genes encode the caveolin proteins, namely, caveolin-1, caveolin-2, and

caveolin-3. Caveolin-1 has been used as a marker protein for caveolae (5–9). There are

several other markers for lipid rafts, such as flotillin-1, CD55, and alkaline phosphatase (10,

11). Flotillin-1 has been used as a lipid raft marker protein in cells that do not contain

caveolae, i.e., blood cells (11), neural cells (12), and rat kidney tubule cells (13, 14). We

have reported that there are non-caveolar lipid rafts in human embryonic kidney cells since

these cells are devoid of measurable caveolin-1 (13).

There are several ways to prepare lipid rafts using detergent or detergent-free methods.

Detergent-free methods have been developed to isolate lipid rafts (7–9). Schnitzer et al.

described a detergent-free method to isolate lipid rafts from rat lung vasculature by

perfusion with a suspension of cationic colloidal silica particles, which is a good method for

in vivo studies (7). The methods reported by Smart et al. and Song et al. are also detergent-

free and have been extensively used to isolate lipid rafts membranes from a variety of cells

(8, 9). The method by Smart et al. allows the isolation of a more purified fraction of lipid

rafts because it uses purified plasma membranes rather than total cell lysates (8), in contrast

to the method by Song et al. which uses total cell lysates (9). The results obtained using non-

detergent extracted rafts are more reproducible and generate a greater fraction of inner

leaflet-membrane lipids than detergent-extracted rafts (15). The samples obtained by

detergent methods have been termed detergent-resistant membranes (DRMs) or detergent-

insoluble fraction (7, 10, 15). The nonionic detergents, e.g., Triton X-100, are commonly

used to purify lipid raft fractions (7, 10, 16–18). However, different detergents may yield

different lipid raft components because different types of raft proteins have varying degrees

of resistance to extraction by specific detergents (10, 15). Differences between detergent and

non-detergent methods for the preparation of lipid rafts may be responsible for the observed

variability in the lipid composition of the isolated rafts (7, 10, 15). We now describe non-

detergent and detergent methods to isolate lipid raft membranes.

2. Materials

2.1. Cell Culture

1. HEK-293 cells heterologously expressing human D1 receptor (HEK-hD1) that have

been previously characterized (13).

2. Prepare complete medium for cell culture by adding 5 mL of Pen/Strep and 50 mL

of FBS to 500 mL of DMEM/F12 medium.

3. Grow cells in 150-mm dishes with complete medium in a humidified incubator in

5% CO2 and 95% air.

2.2. Sucrose Gradient Centrifugation

All stock solutions are prepared in distilled water at room temperature and stored at 4°C.

1. 250 mM 2-N-morpholino ethanesulfonic acid (Mes) stock solution, pH ≈ h 6.7–

6.8.

2. 1.5 M sodium chloride (NaCl) stock solution.
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3. Mes-buffered saline (MBS) solution: 25 mM Mes and 150 mM NaCl, pH ≈ 6.7–

6.8.

4. 500 mM sodium carbonate, pH 11 (pH need not be adjusted).

5. 5%, 35%, and 80% sucrose solutions in MBS buffer (see Note 1).

6. Add protease inhibitor cocktail to the sodium carbonate and sucrose solutions.

7. Protein assay using BCA kit (Pierce Thermo Scientific (Rockford, IL)).

8. Phosphate-buffered saline (PBS).

9. D1-like receptor agonist fenoldopam (1 mM) (Sigma-Aldrich, St. Louis, MO) stock

solution, aliquoted into small volumes (50 μL/aliquot), protected from light, and

stored at −20°C. Antioxidants are needed for prolonged incubation of dopamine

and dopamine agonists.

10. Prepare fresh solution of methyl-β-cyclodextrin (βCD) (Sigma) (2%) in

DMEM/F12 serum-free medium (SFM) at room temperature.

11. Cholesterol-βCD solution (Sigma) for cholesterol repletion experiment:

a. Dissolve cholesterol (20 mg/mL) in ethanol by sonication.

b. Dissolve βCD (2%) in DMEM/F12 SFM.

c. Prepare cholesterol-βCD solution by adding 20 μL of cholesterol solution

to 10 mL cyclodextrin solution, mix by vortexing, and incubating the

cholesterol-βCD solution at 40°C for 30 min (see Note 2).

12. 50% OptiPrep stock solution: 45 mL of 60% OptiPrep mixed with 9 mL of

OptiPrep diluent.

13. MBSTS buffer: MBS with 0.5% (v/v), Triton X-100 in 10% sucrose, or other

nonionic detergents, e.g., β-octyl glucoside, CHAPS, deoxycholate, Lubrol WX,

Lubrol PX, Brij 58, Brij 96, Brij 98 (Sigma), as needed (see Note 3).

14. Prepare 5% and 30% gradient OptiPrep solutions according to Table 1 using 50%

OptiPrep stock solution and MBSTS buffer.

15. 6× sample buffer: 7.5 mL of 0.5 M Tris–HCl, pH 6.8, 1 g of SDS powder, 3.6 mL

of 100% glycerol, 2 mg of bromphenol blue, 1 g of dithiothreitol in a total 10 mL

volume with distilled water.

1The sucrose solutions (5%, 35%, and 80%) are prepared in MBS buffer, pH 6.8 (13) rather then in sodium carbonate solution (pH 11)
(9). This results in a sample pH near 7.0 instead of pH 11. This may be beneficial to most of the enzyme proteins.
2For cholesterol depletion experiment, the cells are incubated with methyl-β-cyclodextrin (βCD) (2%) for 1 h at 37°C. However,
methyl-α-cyclodextrin has been recommended as a negative control (19). For cholesterol repletion experiments, βCD and cholesterol
complex is used (Subheading 3.1, step 3). There is a commercially available cholesterol-cyclodextrin complex (SIGMA #C4951).
However, the complex can also be prepared as described above (Subheading 2.2, item 11). An inactive analog of cholesterol
(cholestane-3β, 5α, 6β-triol) has been suggested as a control (20).
3Extraction using nonionic detergents. In general, Triton X-100 or CHAPS can solubilize the membranes that are extremely enriched
in cholesterol and sphingolipids (15). Different raft proteins have different sensitivities to the different detergents. For example, even
in the same cell type, different GPI-anchored proteins which associate with lipid rafts can be distinguished based on their sensitivity to
solubilization in nonionic detergents. A good example of this is the prion protein, a GPI-linked protein, which was found only in non-
raft fractions after solubilization in 0.5%Brij 96, but was distributed evenly between the raft and non-raft fractions when 0.5% Triton
X-100 was used (21).
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2.3. Western Blot for Lipid Raft Proteins

1. Nitrocellulose membranes (0.2 μm pore size) (Invitrogen Life Technologies, Grand

Island, NY).

2. Pre-stained molecular weight markers (Invitrogen Life Technologies).

3. Vertical midi-format electrophoresis cell, which should include a buffer tank and

lid with power cables.

4. Criterion Precast Gels: 4–20% polyacrylamide gel, 26-well gel (Bio-Rad, Hercules,

CA) or 8–16% polyacrylamide gel, 15-well gel (Invitrogen).

5. 10× Tris/Glycine/SDS stock buffer, to make 1× running buffer.

6. 10× Tris/Glycine buffer, to make 1× transfer buffer containing 20% methanol.

7. 10× PBS-tween-20 buffer, to make 1× washing buffer.

8. 0.1% Amido Black, 45% MEOH, 10% acetic acid in distilled water.

9. 0.1% Ponceau S solution in 5% acetic acid (remove the dye from the membrane by

several washes with distilled water).

10. Primary antibodies and secondary antibodies conjugated to horseradish peroxidase.

11. Enhanced chemiluminescence (ECL) Western blotting detection reagents (GE

Healthcare, Waukesha, WI).

3. Methods

3.1. Preparation of Lipid Raft Fraction with Non-detergent Method

Caveolae and lipid raft proteins are resistant to the solubilizing actions of detergents and

some non-detergent reagents, such as sodium carbonate. Therefore, the raft proteins and

membranes can be prepared using these detergents or reagents for sucrose gradient

centrifugation. To prepare caveolar-enriched or non-caveolar lipid rafts, one can use the

detergent-free sucrose gradient centrifugation protocol according to Song et al. (9) with

slight modifications (13). This method can be adopted for all mammalian cells and tissues,

including those that do not express caveolin-1 (13, 14), i.e., HEK-293 cells. For example, rat

renal proximal tubule cells, used as an example, do not express caveolin-1 and therefore do

not have caveolae (13, 14). We suggest using at least two 150-mm dishes for a single

preparation. All experiments are carried out at 4°C except for cell culture and cell

treatments.

1. Collect cell pellets. Culture cells in 150-mm dishes with DMEM/F12 complete

medium at 37°C until the cells reach 95% confluence. Remove the cell culture

medium and wash the cells twice with PBS. Then, starve the cells in DMEM/F12-

SFM for 1–2 h at 37°C. Treat the cells with vehicle or drugs (e.g., fenoldopam, 2%

βCD, cholesterol–cyclodextrin solution) at 37°C for 1 h. Wash the cells once with

cold PBS or cold DMEM/F12-SFM. Scrape the cells into a 15 mL tube containing

cold PBS. Pellet the cells by centrifugation at 2,000 × g for 5 min. Discard the

supernatant to obtain the cell pellet.
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2. Prepare cell homogenates. Add 1.5 mL of 500 mM sodium carbonate to the cell

pellet and mix by vortexing. Place the 15 mL tube containing the cells on ice and

homogenize the cell suspension using a Dounce homogenizer (10 strokes), a Teflon

polytron (three 10-s bursts), and a tip sonicator (three 30-s bursts). The

homogenization steps are carried out on ice (see Note 4). Add 1.5 mL of 80%

sucrose (final volume 3 mL, sucrose concentration, 40%) and mix the homogenate

by vortexing (three 30 s bursts) and sonicating (three 30 s bursts) on ice. Determine

the protein concentrations by BCA kit (OD 570).

3. Prepare a discontinuous sucrose gradient. Place equal amounts of cell homogenates

(3 mL) into the bottom of each precooled 12 mL ultracentrifuge tubes and overlay

4.5 mL of 35% sucrose and 4.5 mL of 5% sucrose to each tube. The ultracentrifuge

tubes should be balanced when placed and positioned in SW-41 buckets.

4. Centrifuge the tubes containing the cell homogenates at 180,000 × g (38,000 rpm)

for 16 h at 4°C in a Beckman SW41 rotor (see Note 5).

5. Remove the tubes from the bucket at the end of the ultracentrifugation step. A

light-scattering band that contains caveolae-enriched lipid raft membranes is seen

at the interface of the 5–35% sucrose gradient. Carefully collect twelve 1 mL

fractions by pipetting 1 mL starting from the top of the ultracentrifuge tube and

transfer the fractions into the pre-labeled 1.5 mL microcentrifuge tubes (see Note

6). The light-scattering band is located at the 3rd to 5th fractions from the top, with

the peak at the 4th fraction.

6. Prepare samples for immunoblotting. Transfer 0.5 mL aliquots from each fraction

into other pre-labeled 1.5 mL microcentrifuge tubes. Add 0.1 mL of 6× sample

buffer to each sample. Vortex each tube until dye and samples are mixed well and

put the tubes in boiling water for 5 min. The samples for immunoblotting can be

saved at −20°C until use. The rest of the fractionated samples not mixed with the

6× sample buffer are saved at −80°C (see Note 7).

3.2. Preparation of Lipid Raft Fraction with Detergent Method

Detergent resistance or detergent insolubility results from the segregation of integral or

membrane-associated proteins into cholesterol- and glycosphingolipid-enriched membrane

microdomains termed lipid rafts. The nonionic detergents such as Triton X-100, β-octyl

glucoside, CHAPS, deoxycholate, Lubrol WX, Lubrol PX, Brij 58, Brij 96 and Brij 98 have

been used to purify lipid raft fractions (7, 10, 16–18). However, different detergents may

4To avoid loss of cell samples during homogenization, we use a tip sonicator (five 20-s bursts, with a 2-min interval after each burst)
instead of using Dounce homogenizer and Teflon polytron. All sonication steps should be performed with the test tubes on ice. This
homogenization procedure can be used for cells but not for tissues.
5The SW40 or SW41 rotors can be used for sucrose gradient centrifugation. The speed of the centrifugation is specific for each rotor.
In general, the rotor speeds are 38,000 rpm (18,000 × g)/16 h for SW41 rotor and 36,000 rpm (16,000 × g)/18 h for SW40 rotor.
6Collect twelve 1 mL fractions starting from the bottom by inserting a fine plastic tube in to bottom of the centrifuge tube and
withdrawing one 1 mL each time using a 2 mL syringe, or a peristaltic pump.
7The sucrose gradient samples with pH 6.8–7.0 can be stored at −80°C for enzyme assays, e.g., adenylyl cyclase assay. There are
many ways to concentrate the fraction samples such as speedvac concentrator or by precipitation with 10% trichloroacetic acid (TCA).
The membranes from lower sucrose gradient fractions can also be concentrated by three-fold dilution of the samples with MBS and
pelleted by centrifugation at 20,000 × g for 30 min.
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yield different lipid raft components because different types of raft proteins have varying

degrees of resistance to different detergents (10, 15).

1. Collect cell pellets (see Subheading 3.1, step 1) (One 150-mm dish for one

preparation).

2. Prepare cell extract on ice for 30 min in 0.3 mL cold MBSTS (0.5% Triton X-100

and protease inhibitors) by pushing the cell suspension through a 25-gauge needle,

ten times (cell pellet volume is about 0.1 mL/dish and the total cell lysate volume is

about 0.4 mL). Adjust the cell extract (0.4 mL) to 40% OptiPrep by adding 0.8 mL

of cold 60% OptiPrep, mix the cell extract by vortexing. Determine the protein

concentrations using a BCA kit (OD 570). The total protein amount should be the

same for all centrifuge tubes with the same volume (1 mL).

3. Prepare a discontinuous OptiPrep gradient. Load 1 mL of the cell extract into the

bottom of precooled 5 mL ultracentrifuge tubes. Overlay with 1 mL of each 30%,

25%, 20%, and 0% OptiPrep solutions in MBSTS buffer, as prepared in Table 1

(see Note 8).

4. Ultracentrifuge the OptiPrep gradient solutions at 175,000 × g (42,000 rpm) at 4°C

for 4 h in Beckman SW 50.1 rotor. Other rotors can be used such as SW 55 (4 h at

170,000 × g), TLS55 rotor (2.5 h at 250,000 × g). However, the equivalent g-force

and centrifugation time should be adjusted according to the rotor type. Label 1.5

mL microcentrifuge tubes for the next step.

5. Carefully remove the ultracentrifuge tubes. Collect 0.5 mL fractions from top to

bottom and prepare for immunoblotting, as in Subheading 3.1.

3.3. Immunoblotting to Analyze Lipid Raft Proteins

Western blot allows the identification and analysis of the lipid raft proteins. In general, one

should first identify where the peak of lipid raft fractions is located using lipid raft marker

proteins such as caveolin-1, caveolin-3, or flotillin-1. To compare the effect of drugs on lipid

raft protein expression, 4–20% Criterion Precast Gradient Gel with 26 wells per gel is

recommended. All the steps are carried out at room temperature.

1. Run gels. Pre-warm the sucrose gradient samples in a water bath at 37°C. Mix the

samples completely by vortexing (there should be no precipitate at the bottom of

the tubes). Load the samples and molecular weight marker into a 4–20% Criterion

Precast gradient gel. Run the gel with running buffer at 120 V for about 2 h. Stop

the electrophoresis when the dye migrates to 0.5–1.0 cm above the bottom edge of

the gel.

2. Transfer the proteins from gels onto nitrocellulose membranes. Prepare the

sandwich of gels and nitrocellulose membranes in transfer buffer and place the

8The OptiPrep discontinuous gradient can be made by overlaying 3 mL of 30% and 0.5 mL of 5% Optiprep solutions (16), or by
overlaying 1 mL of 30%, 1 mL of 25%, 1 mL of 20%, and 1 mL of 0% OptiPrep solutions (17). However, it is best to prepare an
OptiPrep continuous gradient using a machine for preparing gradients (Bio-Rad) or by overlaying 0.8 mL of each 30%, 25%, 20%,
15%, and 0% OptiPrep solutions and precentrifugation at 175,000 × g (42,000 rpm) at 4°C for 2 h in Beckman SW 50.1 rotor.
Subsequently, load the protein samples at the bottom of the continuous OptiPrep gradient tube.
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sandwich into semidry transfer equipment and start the transfer at 0.24 mA at

constant current for 60–90 min.

3. Block the membranes. Rinse the membranes twice with distilled water after

transfer. Verify the protein loading by staining the membranes with 0.1% Ponceau

S solution or 0.1% Amido Black solution for 10 s and washing the sheets with

distilled water. The stained sheets can be scanned to record the protein loading

information. Block the membranes for 1 h in blocking buffer (5% nonfat dry milk

in PBST washing buffer).

4. Perform the immunoblotting. Incubate the blocked membranes overnight at 4°C

with primary antibody diluted in blocking buffer (see Note 9). Remove the primary

antibody following the overnight incubation and wash the membranes 3× with

wash buffer. Incubate the membranes for 1 h with secondary antibody diluted in

blocking buffer.

5. Develop the film. Incubate the membranes for 1 min with ECL reagent after

washing with wash buffer 3×. Visualize the immunoreactive bands by

autoradiography (see Note 10).
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Table 1
Prepare varying concentrations of OptiPrep solutions

Solutions (total 5 mL) 30% 20% 10% 5%

50% OptiPrep (mL) 3.0 2.0 1.0 0.5

MBSTS (mL) 2.0 3.0 4.0 4.5
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