
An adhesion-based method for plasma membrane isolation:
evaluating cholesterol extraction from cells and their
membranes

Ludmila Bezrukov, Paul S. Blank, Ivan Polozov, and Joshua Zimmerberg*

Program in Physical Biology, Eunice Kennedy Shriver National Institute of Child Health and
Human Development, National Institutes of Health, Bethesda, Maryland 20892

Abstract
A method to isolate large quantities of directly accessible plasma membrane from attached cells is
presented. The method is based upon the adhesion of cells to an adsorbed layer of polylysine on
glass plates, followed by hypotonic lysis with ice-cold distilled water and subsequent washing
steps. Optimal conditions for coating glass plates and time for cell attachment were established.
No additional chemical or mechanical treatments were used. Contamination of the isolated plasma
membrane by cell organelles was less than 5 %. The method uses inexpensive, commercially
available, polylysine and re-usable glass plates. Plasma membrane preparations can be made in 15
minutes. Using this method, we determined that methyl-β-cyclodextrin differentially extracts
cholesterol from fibroblast cells and their plasma membranes and that these differences are
temperature dependent. Determination of the cholesterol:phospholipid ratio from intact cells does
not reflect methyl-β-cyclodextrin plasma membrane extraction properties.
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INTRODUCTION
Techniques currently used for the isolation of plasma membranes include 1) zonal or
density-gradient centrifugation [1 – 5] 2) the rip-flip method, developed for the microscopic
observation of small pieces of the cytoplasmic side of plasma membranes [6, 7] and 3)
methods based on the adhesion of negatively-charged cells to a positively-charged surface
such as polylysine coated polyacrylamide or glass beads [8 – 14]. A method to isolate large
quantities of directly accessible cytoplasmic surface of the plasma membranes suitable both
for microscopy and biochemical analysis was developed. The method is based on the
adhesion of cells to an adsorbed layer of polylysine on glass plates, followed by hypotonic
lysis with ice-cold distilled water. Optimal conditions were established for all preparation
steps including polylysine coating, cell adhesion, and membrane washing, both ensuring
high purity and yield of the membrane preparation. This method allows for a) the creation of
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isolated plasma membranes without chemical (high salt) or mechanical (vortexing or
sonication) treatments, b) direct lipid extraction on glass plates, and c) the ability to study
both biochemical and structural properties of isolated plasma membranes.

Methyl-β-cyclodextrin (MβCD) is used to alter the cholesterol content of cells, and in
particular, the cholesterol content of the plasma membrane [15]. The cholesterol content of
cellular membranes and the relationships between cholesterol enriched domains and
physiological function is an active area of research. While questions remain unanswered
with regard to detailed kinetics, dependence upon composition and temperature and specific
and nonspecific effects, exposure of cells to MβCD reduces cellular cholesterol (Table 1 of
Ref. [15]). However, reduction in cellular cholesterol following MβCD treatment may not
quantitatively reflect the changes in plasma membrane cholesterol content. Having
developed a method to isolate plasma membranes in quantities suitable for biochemical
examination, MβCD cholesterol depletion evaluated using intact cells and their plasma
membranes were compared. MβCD treatment extracted cholesterol from the plasma
membrane of HAB2 cells, a hemagglutinin expressing fibroblast cell line, and intact HAB2
cells in a temperature-dependent way and the reduction in plasma membrane cholesterol
content was not proportional to the decrease observed using intact cells. Almost complete
removal of plasma membrane cholesterol can be achieved by extraction at physiological
temperature (37 °C). At 4 °C, MβCD extraction of cholesterol from the plasma membrane is
less. These data indicate that one cannot predict the loss of cholesterol from the plasma
membrane based on the loss determined from intact cells.

MATERIALS AND METHODS
Chemicals and solutions

Poly-L-lysine solution (Sigma Chemical Co., St. Louis, MO), boric acid (Mallinckrodt
Baker Inc., Paris, KY), Tris buffered saline (TBS,10X, Cellgro, Mediatech, Inc. Herndon,
VA), ultra pure water (KD Medical, Columbia, MD), and Pyrex dishes, 100×20mm
(CORNING, NY) were used. Fluorescent probes for staining mitochondria (Mito Traker
Green FM; MTG), lysosomes (Lyso Tracker Red DND-99; LTR), Golgi apparatus
(BODIPY FL C5-ceramide), endoplasmic reticulum (Rhodamine B, hexyl ester, perchlorate;
R6), and nucleus (Hoechst 33342; HO342) were purchased from Molecular Probes Eugene,
OR; cell membrane dye (PKH 26 Red Fluorescent cell linker kit, Sigma Chemical Co., St.
Louis, MO); Albumin, Bovine and Methyl-β-cyclodextrin (Sigma Chemical Co., St. Louis,
MO), 0.25% Trypsin-EDTA (1x, GIBCO/Invitrogen, Grand Island, NY), chloroform and
methanol (Burdick&Jackson, Muskegon, MI) were used.

Labeling procedures
The following stains were used [16] with concentrations adjusted for HAB2 cells. Nuclei
were labeled using 0.5µg/ml Hoechst 33342; HO342 (blue) for 10 min at room temperature;
Lysosomes were labeled using 50 nM Lyso Tracker Red DND-99 for 1 hr at 37 °C; Golgi
were labeled using 5µM BODYPY FL C5-ceramide (green) for 10 min at 37 C;
Endoplasmic Reticulum were labeled using 200 nM Rhodamine B, R6 (red) for 30 min at 37
°C; and Mitochondria were labeled using 250 nM MitoTracker Green FM, MTG for 30 min
at 37 °C. Isolated membranes were labeled using 1 µM PKH 26 for 10 min at room
temperature.

Cells
HAB2 cells, a generous gift of J. M. White (University of Virginia, Charlottesville, VA)
were used. HAB2 cells, a sub-clone of stably transfected NIH-3T3 (mouse embryonic)
fibroblasts express hemagglutinin of the A/Japan/305/57 strain influenza virus [17, 18, 19].
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Cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM, ATCC, Manassas,
VA) supplemented with 10% fetal bovine serum (FBS, Gemini Bio-Products, Woodland,
CA), 100 U/ml penicillin and 10 µg/ml streptomycin (SIGMA, St. Louis, MO) in 5% CO2.

Membrane isolation procedure
Optimal membrane isolation (Fig. 1) is dependent upon a) cleaning the glass plates, b)
coating the glass plates with polylysine, and c) cell attachment. Cleaning the glass plates is a
critical step of the procedure. Plates were soaked in hydrochloric acid:methanol (1:1) for at
least 30 minutes at room temperature and then washed repeatedly with distilled water, rinsed
with ethanol, and allowed to dry. Optimal conditions for coating glass plates with polylysine
were established.

Initially, cells were cultured on collagen and polylysine coated glass plates; HAB2 cells
grew well on both substrates. However, in the absence of cells, the background levels of
cholesterol and phospholipids were lower in polylysine coated plates. Stronger cell
attachment was obtained when polylysine was dissolved in 0.15M borate buffer, pH 8.3,
(Grace Bio Labs) instead of distilled water. Equally strong attachment was observed using 1
mg/ml, 0.5 mg/ml, and 0.25 mg/ml concentrations of polylysine; 0.25 mg/ml was used to
both conserve material and minimize background. Specifically, polylysine was prepared at a
concentration of 0.25 mg/ml in 0.15 M borate buffer (pH 8.3); 10 ml of this solution was
applied to the surface and allowed to adsorb over night at room temperature. Prior to cell
application, plates were washed 5 times (10 ml each time) with distilled water to remove
excess polylysine.

Cells previously grown to 85–90% confluence were lifted, counted, and seeded in the glass
plates at a concentration of 2.5×105 cells per ml. Cells were lifted with a 0.25%
Trypsin-0.53mM EDTA solution. Growth media was removed first and the flask rinsed with
the Trypsin-EDTA solution. The rinse solution was removed and an additional 1 ml of
Trypsin-EDTA solution was added to the flask; the flask was maintained in the incubator at
37 °C for 2 – 5 minutes, until the cells detached. 5 ml of fresh complete medium were then
added, cells mixed by gently pipetting, cell suspension collected, and cells pelleted by
centrifugation (2,000 rpm for 5 min). Cells were resuspended in 5 ml of serum free media
and centrifuged with the same settings; this wash step was repeated two times to remove
serum from the cell suspension. 10 ml of cell suspension was applied to each glass plate
following cell density adjustment.

The optimal incubation time for HAB2 cell attachment to the polylysine coated glass surface
was 4 hours at 37 °C, 5% CO2 in serum free media. Under these conditions the number of
cells and their quality of attachment were sufficient for our experiments; the cells were
strongly attached with maximal cell surface adhesion area. Serum free media was used to
avoid cholesterol and phospholipid contamination from the serum. Plates were then washed
3 times with Tris-buffered saline, TBS, to remove unbound cells. For cell disruption, 10 ml
of ice-cold distilled water was added for 1 min. The plates were then washed 2 times with 10
ml of TBS buffer to remove intracellular debris. Cell disruption with ice-cold water
application was repeated two more times. When required, the plasma membrane preparation
was visualized using the membrane indicator, PKH 26 (Fig. 1).

Lipids extraction
Total lipids were extracted from the plasma membranes of HAB2 cells and intact HAB2
cells directly on glass plates by the method of Folch [20]. 5 ml of chloroform:methanol (2:1,
v/v) was added to one glass plate with plasma membrane of HAB2 cells or intact HAB2
cells and then shaken gently at room temperature for 1hour. All work with chloroform and
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methanol was carried out in a chemical fume hood. The mixture was collected and the
solvent was washed with 0.2 volume of 0.9% NaCl solution. After vortexing for several
seconds, the mixture was centrifuged at low speed to separate the two phases (2000 rpm for
15 min at room temperature, Allegra X-22 Centrifuge, SX4250 rotor, Beckman Coulter).
The upper phase was removed by a glass pipette and discarded. The interface was rinsed
once with methanol:water (1:1) without mixing the whole preparation. The lower
chloroform phase, containing lipids, was carefully transferred to fresh tubes and evaporated
under a stream of argon. The lipid residue was dissolved in chloroform and stored at −30 °C.

Total cholesterol and phospholipids determination
Total cholesterol was measured using the Amplex Red Cholesterol Assay Kit (A12216),
from Molecular Probes St. Louis, MO. Typically, five standards and a blank, in duplicate,
covering a range from 0 to ~ 300 ng cholesterol, were used for calibration. 20 independent
calibrations were used to evaluate the assay variance for each cholesterol standard; unequal
variance, heteroscedasticity, was observed and required the use of weighted curve fitting.
Limited replicates argued against direct 1/Variance weighting; multiple weighting models
were evaluated according to Almeida et al. 2002 [21]. Weighted (1/[Cholesterol]2 and 1/
VarianceBlank), linear curve fitting was used to establish calibration functions for each
experiment. Sample unknowns, background subtracted and in triplicate, were evaluated,
confidence errors determined, and weighted averages and weighted standard deviations of
the pooled data (n = 6 to 11 independent experiments) were determined. Background
subtracted unknowns with signal level less than zero were evaluated at the limit of detection,
LOD, for the specific calibration line (YIntercept + 3*(Standard Error of Fit)). Evaluation at
the LOD is required because the absence of a detectable signal is not synonymous with zero
cholesterol concentration; the LOD is an estimate of the maximum amount of cholesterol
that could be present but not detected due to the statistical properties of the calibration line.

Total phospholipids were measured using procedures for Determination of Total
Phosphorus, from Avanti Polar Lipids. Typically, four standards, covering a range from ~
0.01 – 0.1 µmoles of lipid, corresponding to an absorbance of ~0.1 – ~1.0 were used for
calibration. 11 independent calibrations were used to evaluate the assay variance for each
phospholipid standard; equal variance, homoscedasticity, was observed and did not require
weighted curve fitting. Calibration functions were determined using un-weighted, linear
curve fitting and weighted averages and standard deviations of the pooled data were
determined. Weighted averages and standard deviations were used because there was
variability in the statistical properties of each calibration line; parameter confidence
estimates varied between calibration lines. Weighting the pooled estimates, even when
derived from un-weighted fitting, resulted in a more statistically reliable estimate;
parameters derived from a “statistically weaker” fit were not given the same weight as those
derived from a “statistically stronger” fit. Errors in derived quantities (ratios) were
calculated using standard error propagation [22].

Methyl-β-cyclodextrin treatment
Cells attached to glass plates were treated with 10 mM MβCD in serum free media for 30
minutes at the required treatment temperature (37 or 4 °C). MβCD was then removed using
a TBS rinse. Two glass plates were used for evaluation of intact cells, while four plates were
used to create plasma membrane preparations. Total lipid extraction was done directly on
the glass plates by the Folch method. Typically, two preparations, intact cells and plasma
membranes, were processed in parallel; cholesterol and total phospholipids content were
then determined.
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Imaging and Image Processing
Cells and their membranes were imaged using a Zeiss Axiovert-25 with 32× or 10×
objectives, using a digital camera (ORCA-ER, HAMAMATSU) controlled by IPLab v 3.61
(SCANALYTICS Inc. Fairfax, VA). For each fluorescent probe evaluated, camera settings
were kept constant for imaging both cells and their membranes. A custom macro (available
upon request) for Image J v1.34S software (National Institutes of Health, USA) was used for
analysis. Briefly, background was subtracted using a Rolling Ball Algorithm, a mask was
created using the lowest intensity region of a Multi (4 level) Otsu Thresholding, background
pixels were “removed” using the mask, the pixel histogram was created, the total signal
(Signal Area) was calculated by summing the product of the pixel frequency (fi)and pixel

intensity (Ii) (Signal Area = ), and the signal corrected for “cell coverage” using the
number of background and total pixels, NB and NTotal(Signalcorrected = Signal Area/(1-NB/
NTotal). The “cell coverage” correction insures that pixel intensity comparisons are not
influenced by unequal cell counts in the field of view by scaling the Signal Area by the
fraction of contributing (non-background) pixels. Loss of fluorescence, as reflected in the
ratio of the SignalMembrane:SignalCell served as a surrogate marker for membrane purity.
Nuclei, were counted following background subtraction and binary thresholding. Imaging
results are derived from two independent experiments consisting of 1 – 12 images per probe
(endoplasmic reticulum, Golgi, mitochondria, nuclei, lysosomal membrane).

RESULTS
The purity of the plasma membrane preparation was evaluated by labeling with fluorescent,
organelle-specific probes. An example of HAB2 cells and plasma membranes of HAB2 cells
labeled with BODYPY FL C5-ceramide specific for the Golgi apparatus is shown in Fig. 2.
The detection of nuclei, endoplasmic reticulum, lysosomal membrane, Golgi and
mitochondria in plasma membrane preparations corresponded to contamination levels,
relative to intact cells, of 0.9 %, 2.9 %, 3.4 %, 5.7 % and 3.0 %, for an average of 96.8 +/−
1.7 % purity over all probes tested.

The cholesterol:phospholipid, C:P, ratio (mole:mole) for untreated cells and their plasma
membranes was 0.23 +/− 0.01 (n = 7) and 0.51 +/− 0.01 (n = 9) corresponding to a ratio of
membrane to cell C:P of 2.18 +/− 0.08. When the C:P ratio was determined using intact cells
treated with MβCD, the ratio decreased to 0.19 +/− 0.01 (n = 6) and 0.13 +/− 0.01 (n = 5)
for 4 and 37 °C treatment, respectively. MβCD treatment decreases the cellular C:P ratio by
~20% and ~50% from untreated control for 4 and 37 °C treatment, respectively. However,
when the isolated membranes are used to evaluate the C:P ratio, larger changes are observed
as a function of treatment temperature with the ratio decreasing to 0.34 +/− 0.01 (n = 11)
and 0.04 +/− 0.01 (n = 6) for 4 and 37 °C treatment, respectively. MβCD treatment
decreases the plasma membrane C:P ratio by ~ 35% and greater than 90% from untreated
control for 4 and 37 °C treatment, respectively. The ratio of membrane to cell C:P decreased
to 1.80 +/− 0.07 and 0.32 +/− 0.11 for 4 and 37 °C treatment, respectively. The loss of
plasma membrane cholesterol is not reflected in the C:P ratios derived from processing
intact cells. These results are summarized in Fig. 3.

DISCUSSION
Polylysine-coated glass plates can be used to obtain quantities of plasma membrane suitable
for both biochemical and microscopy studies. We used our method of plasma membrane
preparation to study how MβCD treatment extracts cholesterol from both plasma
membranes and intact HAB2 cells. MβCD treatment extracts cholesterol from intact cells
and their membranes in a temperature dependent way. Almost compete removal of plasma
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membrane cholesterol can be achieved by extraction at physiological temperature, 37 °C. At
4 °C extraction from intact cells and their membranes is limited (20% and 34% decrease),
relative to untreated control. Determination of the cholesterol:phospholipid ratio from
methyl-β-cyclodextrin treated intact cells did not reflect the plasma membrane extraction
properties of methyl-β-cyclodextrin. This isolation procedure is useful for obtaining plasma
membrane from other cell types; we have succeeded in obtaining plasma membranes from
muscle myoblast cells (C2C12) and Madin-Darby canine kidney epithelial cells (MDCK).

The C:P ratio for intact fibroblasts in our experiments was ~ 0.3, which is consistent with
published data (0.29+/−0.03 [23]; <0.3 [24]; 0.38 +/−0.04 [25]; 0.37 and 0.23 +/−
lipoprotein [26]). The C:P ratio of untreated cells (0.23 +/− 0.01), in the absence of serum, is
in agreement with the value of Davis and Poznansky obtained from microsomal preparations
of normal human skin fibroblasts cultured in the absence of lipoprotein [26]. There appears
to be a relatively narrow range of C:P ratio over a wide variety of cell types and tissues
when averaged over the intact cell or tissue. However, the C:P ratio from isolated plasma
membrane preparations is consistently larger in magnitude and range in all cells and tissues
measured. C:P ratios range from 0.69 +/− 0.11 to 1.11 depending upon cell and tissue type
[25, 27] but cluster around ~0.8 for fibroblasts (0.764 and 0.846 3T3 and SV3T3 cells [24],
0.69 +/− 0.11 [25]). Using 0.3 and 0.8 for intact cells and their membranes, the ratio of
membrane to cell C:P is ~ 2.7 which is comparable to the value of 2.18 determined in this
study using cells grown in the absence of serum. Having confirmed an increased C:P ratio in
plasma membrane relative to the intact cell, the differential extraction of MβCD treatment as
a function of temperature and sample (intact cell vs. plasma membrane) becomes an
important consideration when evaluating the role of cholesterol in membrane dependent
processes.

Treatment with 10 mM MβCD for 30 minutes at 37 °C did not deplete cholesterol from all
membrane fractions but essentially depleted all the cholesterol in the plasma membrane. The
roles of cholesterol in membrane heterogeneity/domains (“rafts vs. non-rafts”) and the
association and function of proteins to specialized domains are of considerable interest.
MβCD is often used to selectively deplete cholesterol from low-density and high-density
membrane fractions [Table 2, of Ref. 15]. Not only is MβCD concentration and exposure
time important parameters in perturbing the cholesterol content of the membrane, but
extraction temperature is critical. Having a method to isolate and evaluate biochemical
quantities of pure plasma membrane will benefit those studies where cholesterol
perturbation needs to be minimized; the combined effects of MβCD concentration, exposure
time and temperature extraction now can be evaluated easily.
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Figure 1. Plasma membrane isolation
A. Glass plates were soaked in Hydrochloric Acid: Methanol (1:1) at room temperature,
washed with water, rinsed with ethanol, and dried; glass plates were coated with polylysine;
cells were incubated at 37 °C for 4 hours; cells were ruptured with ice-cold distilled water;
intracellular debris was removed with ice-cold TBS buffer washes. B. HAB2 cells on a
polylysine coated glass plate after incubation for 4 hours at 37 °C in serum-free media. C.
Plasma membranes of HAB2 cells on a polylysine coated glass plate. Both samples were
stained with 1µM PKH 26 for 10 min at room temperature.
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Figure 2. Staining of Golgi apparatus and purity of plasma membrane preparation
HAB2 cells (A) and plasma membranes of HAB2 cells (B) were stained with 5 µM
BODYPY FL C5-ceramide (green) specific for Golgi apparatus for 10 min at 37 °C in
serum-free medium (DMEM) and visualized using a 32× objective. (C) Intensity histogram

used to calculate membrane purity. In this example, the Signal Area,  for the HAB2
cells and plasma membranes were 8.79*107 and 3.59*106 and the number of background
pixels, 2.39*105 and 2.50*105respectively. With 3.22*105 total pixels, the coverage
correction for cells and membranes is, 0.26 and 0.22. The corresponding Signalcorrectedare
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3.41*108 and 1.60*107 representing a purity of 4.7%. For direct comparison, the pixel
frequency, fi, was normalized by the coverage correction, fi/0.26 and fi/0.22, respectively,
and designated as Coverage Corrected on the axis.
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Figure 3. Cholesterol:phospholipid (C:P) at different extraction temperatures
(A) C:P ratio for untreated and MβCD extracted HAB2 cells and their plasma membranes.
Data are averages of 6 – 11 experiments.
(B) Normalized data from Fig. 4-A, where 100% is the ratio of cholesterol to phospholipids
in untreated (control) samples.
C) Membrane C:P to Cell C:P, a measure of the relative concentration of cholesterol in the
plasma membranes compared to intact cells.
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