Biochimica et Biophysica Acta, 731 (1983) 115-120
Elsevier

BBA 71666

115

A SIMPLE AND RAPID METHOD FOR THE PREPARATION OF PLASMA MEMBRANES
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A simple and rapid method for preparing plasma membranes from isolated cells or tissues is described. The
membranes were characterised (a) biochemically by an analysis of specific marker enzymes, (b) by
quantitation of cell surface receptors, and (¢) immunologically by their ability to elicit specific allogeneic
responses from cytotoxic T cells in secondary in vitro stimulations. Based on both biochemical and
immunologic criteria, plasma membranes prepared by the method described here are of equal or greater
‘purity’ compared to those prepared by two other methods that are most widely used to date and the yields

are several-fold higher.

Introduction

An understanding of the structure and function
of cell membranes is one of the central themes of
contemporary cell biology. Although some proper-
ties of the cell surface can be studied on intact
cells, the analysis of membrane constituents in
relation to their function often requires their sep-
aration and isolation from the cell cytoplasm and
other sub-cellular organelles. Several techniques
are available for the preparation of plasma mem-
branes, but they have usually been tailored for the
preparations of membranes from particular cell
types or for the study of specific membrane func-
tions. (For reviews see Warner and Glick [1] and
Crupton and Snary [2]). The development of a
simple procedure for membrane isolation that can
be used for a wide range of cells and tissues would
be useful.
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Essentially, membrane preparation involves cell
disruption (or tissue homogenization) by various
means, followed by several steps of differential
and/or density gradient centrifugation. Cell dis-
ruption is usually achieved by gentle methods such
as Dounce homogenization, or by more vigorous
methods such as nitrogen cavitation or Polytron
shearing. Each of these methods has its advantages
and shortcomings. For example, Dounce homo-
genization is satisfactory for the preparation of
membranes or ghosts from small quantities of
isolated cells (such as red blood cells). However,
its use with large numbers of cells is cumbersome.
Yields are extremely low when membranes are
prepared even from micro-thin slices of whole
tissues or organs (e.g. muscle, thyroid, etc.). Meth-
ods that involve several steps of centrifugation
give poor yields of plasma membranes because of
losses at each step.

Plasma membrane preparations can be char-
acterised by a variety of methods. In general, the
methods used have been tedious and often inaccu-
rate [3]. Many have relied on electron and phase
contrast microscopy and on the analysis of specific
marker enzymes. The use of specific membrane
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receptors as general markers for monitoring the
recovery of plasma membranes (3,4] enabled us to
devise a rapid and simple procedure for the purifi-
cation of plasma membranes. This method is ap-
plicable to a wide variety of cells and tissues. The
purity of membranes prepared by the present
method is equal to or greater than that achieved
by two of the most widely used methods and the
yields are several-fold higher.

Materials and Methods

Cells and tissues

EL4 thymoma (H-2" haplotype) and P815
mastocytoma (H-2° haplotype) were grown in the
ascites fluid of C57BL /6 and DBA /2 mice respec-
tively. Human thyroids were obtained at operation
and kept on ice until they were processed within
30 min of removal.

Plasma membranes

Plasma membranes were prepared by three dif-
ferent methods.

Method 1 (the Neville technique [5]). This
method has been modified for application to dif-
ferent cell-types and tissues [6]. Briefly, cells or
finely minced pieces of tissue in 1 mM NaHCO;,
pH 7.5, were homogenized using 30-40 strokes in
a Dounce homogenizer. The homogenate was kept
on ice for several minutes to allow cell lysis, Fol-
lowing filtration through two fine (No. 120) and
then four coarse (No. 40) layers of cheese cloth,
the homogenate was centrifuged at 1860 X g for 25
min and the supernatant discarded. The pellet was
resuspended, homogenized again in a loose fitting
Dounce homogenizer using a few strokes, and
centrifuged at 1860 X g for 15 min. The pellet was
then homogenized gently using 5 strokes in a very
loose fitting Dounce homogenizer and combined
with 63% sucrose in 1 mM NaHCO,, pH 7.5, to
provide a final concentration of 48% sucrose.

Next, a sucrose gradient was prepared. On top
of 10-12 ml of the membrane suspension in sucrose
solution, 7 ml of 45% sucrose, 10 ml of 41%
sucrose and 2-3 ml of 37% sucrose (all in 1 mM
NaHCO,, pH 7.5), were carefully layered. The
tubes were then centrifuged at 63600 X g for 120
min. The interfacial band between 37% and 41%
sucrose solutions was collected by aspiration with

a pipette, diluted 1:1 with the NaHCO, solution
and centrifuged at 30800 X g for 30 min. The
membrane pellet was resuspended in a small
volume of the NaHCO, solution and stored at
~20°C, or in liquid nitrogen.

Method 2 (method of Crumpton and Snary [2]).
This method has been generally used for the pre-
paration of plasma membranes from cells
(lymphocytes) grown in suspension cultures. Cells
were washed thoroughly in 10 mM Tris-saline
buffer (pH 7.5) and disrupted by nitrogen cavita-
tion. The nuclear particles were removed by
centrifugation at 300X g for 15 min and the
mitochondrial particles were removed by centrifu-
gation at 4000 X g for 30 min. The microsomal
pellet obtained by spinning the supernatant at
20000 x g for 30 min was washed and resus-
pended in 36% sucrose solution in Tris-buffered
saline. It was overlayed with 25% sucrose in the
same buffer solution and centrifuged at 100000 X g
(22000 rpm in an SW27 swinging bucket rotor) for
18 h. The interfacial band of plasma membranes
was carefully aspirated with a Pasteur pipette and
washed twice by resuspension followed by sedi-
mentation at 75000 X g for 20 min. The purified
plasma membrane fragments were stored under
liquid nitrogen.

Method 3 (the present method). This is a simple
procedure for isolating plasma membranes and is
described in detail here.

All plastic or cellulose nitrate tubes used during
the isolation of membranes were soaked overnight
in 1 mM EDTA, pH 7.0 and rinsed ten times with
doubly distilled water. All operations were done in
the cold.

The tissue (10-40 g) was minced finely with
surgical scissors and kept on ice in a 250 ml round
bottom flask. A 3-fold (w/v) excess of homogeni-
sation buffer (10 mM sodium phosphate buffer,
pH 7.4, containing 1 mM MgCl,, 30 mM Nad(l, |
mM dithiothreitol, 0.005 mM phenylmethyl-
sulfonyl fluoride, 0.02% NaN, and a few micro-
grams of DNAase) was added and the tissue ho-
mogenised using a Polytron homogeniser (Brink-
mann) at a power setting of 7.0. (Two to five
bursts of 5 s each separated by 1 to 2 min of
cooling were sufficient for cell disruption, which
was monitored by light microscopy). About 30 ml
of the homogenate was layered over 10 ml of a



41% solution of sucrose in the homogenisation
buffer and centrifuged at 95000 X g for 1 h in a
Beckman SW27 swinging bucket rotor. The white
interfacial band of membranes was collected, the
sucrose was diluted by adding a 2-3-fold excess of
the homogenization buffer and the membranes
were pelleted by centrifugation at 95000 X g for
20 min. The membranes were washed twice and
stored at —70°C or in liquid nitrogen until they
were used. The same procedure was used for pre-
paring membranes from isolated cell suspensions.

For convenience, the three methods of plasma
membrane preparation are referred to as Methods
1, 2 and 3, respectively.

Plate binding assay

A simple and sensitive plate binding assay as
described by Howard et al. [7] was used to check
the ability and specificity of the membrane pre-
parations to bind alloantibody. The anti-H-2" al-
loantiserum used in the assay was obtained by
hyperimmunising Balb /¢ mice with 2-3 - 10® EL4
cells.
Cytotoxicity assays

Balb/c mice were immunised intraperitoneally
with 3-107 EL4 cells. The primed splenocytes
(7.5 10° cells/ml, 2 ml volume) were cultured in
RPMI 1640 (GIBCO) supplemented with 5% fetal
calf serum, antibiotics and 5-107° M 2-
merceptoethanol at 37°C in a humidified atmo-
sphere of 5% CO, and 95% air. 10-60 pg/ml of
plasma membranes were used as secondary in
vitro immunogens. EL4 cells irradiated with 5000
rads or P815 plasma membranes were also used as
immunogens to check the specificity of the cyto-
toxic response. After 4 days, the induced cyto-
toxicity was checked on °!Cr-loaded EL4 cells at
various effector to target ratios.

Marker enzyme analysis of the plasma membrane
Sfragments

The plasma membrane fragments were tested
for the specific activities of the following enzymes:
adenylate cyclase [8], (Na*+ K™*)-ATPase [9], 5'-
nucleotidase [10], NADPH-cytochrome ¢ re-
ductase [11], glucose-6-phosphatase {12] and suc-
cinate dehydrogenase [13). The first three enzymes
are markers for the plasma membrane and the
others are specific for microsomes, endopiasmic
reticulum and mitochondria, respectively.
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Iodination of thyrotropin and its binding to mem-
branes

Radioiodination of bovine thyroid-stimulating
hormone (thyrotropin; a generous gift from Pro-
fessor J.G. Pierce) was by a modification of the
chloramine T method and specific binding of
thyrotropin to plasma membranes was measured
as described in detail earlier (4].

Results

Yields

The yields of plasma membranes obtained by
the three methods were compared on the basis of
their protein content. The present method of mem-
brane preparation (Method 3) yielded approx. 50-
fold and 10-fold higher quantities of plasma mem-
branes as compared to Methods 1 and 2, respec-
tively. Starting with 1 g wet weight of tissue,
Method 3 reproducibly yielded 1-2 mg of plasma
membrane protein, while Method 1 yielded only
0.05 mg. Similarly, when membranes were pre-
pared from 5 - 10® cells in suspension, Methods 1
and 2 gave 0.02 mg and 0.1 mg, respectively, while
Method 3 yielded 1.0 mg.

Binding of radioiodinated thyrotropin

Specific binding of '**I-labeled thyrotropin to
human thyroid membranes prepared by Methods
I and 3 was compared. As shown in Fig. la,
hormone binding per unit of membrane protein
was similar in the two preparations.

Antigenic specificity of the purified plasma mem-
branes

The ability of purified plasma membranes from
EL4 cells to bind anti-H-2" alloantibody is shown
in Fig. 1b. Membranes from P815 cells (H-2¢) do
not bind this alloantibody as they do not share
histocompatibility determinants with EL4 (H-2°).
The amount of histocompatibility antigens in the
plasma membranes prepared by Methods 2 and 3
is essentially the same as indicated by the level of
alloantibody binding.

Immunogenic specificity of the plasma membrane
fragments

Balb /c (H-24) mice were first primed with EL4
(H-2°) cells. EL4 membrane fragments prepared
by Methods 2 and 3 or P815 (H-2¢) membranes
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prepared by Method 2 were then used in vitro as
stimulators to obtain cytotoxic T cells from the
primed Balb/c splenocytes. As shown in Table I,
the cytotoxicity elicited by EL4 membranes was
specific (since P815 membranes were ineffective in
eliciting a secondary allogeneic response). Mem-
branes prepared by both methods were equally
immunogenic.

Biochemical characterisation

The results of marker enzyme analysis of whole
thyroid homogenates as well as membrane frag-
ments prepared by Methods 1 and 3 are sum-
marised in Table II. The specific activities of
marker enzymes for plasma membranes: adenylate
cyclase, (Na*+ K*)-ATPase and 5’-nucleotidase
were much enhanced in the purified thyroid mem-
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branes as compared with the whole thyroid homo-
genate. On the other hand, the marker enzymes for
the endoplasmic reticulum, mitochondria or mi-
crosomal fraction were hardly detected on the
purified plasma membranes. The membrane frag-
ments obtained by Method 3 appear to be of equal
or greater biochemical ‘purity’ as compared to
those obtained by Method 1.

Discussion

Several techniques are available for the prepara-
tion of plasma membrane fragments from cells
and tissues. Some of them are applicable to only
certain tissues and cell types and yield poor results
when applied to other tissues and cell types. In
sharp contrast, the present method has broad ap-
plications.

As determined by immunological markers,
hormone binding to specific membrane receptors
and analysis of enzymatic activities (see the Re-
sults section), the plasma membranes prepared by

Fig. 1. (a) Binding of '*I-labeled thyrotropin to plasma mem-
brane. Human thyroid membranes prepared by the Neville
technique (®) and by the present method (a) were resuspended
in 0.5 ml of 10 mM phosphate buffer, pH 7.4, containing 30
mM NaCl. The concentration of membrane proteins in each
duplicate sample is indicated in the figure. Approx. 25000 cpm
of '?5I-labeled thyrotropin in 0.1 ml of phosphate-NaCl buffer
was then added and the mixture incubated at 24°C for 1 h. To
correct for nonspecific binding, each sample had a control
containing excess {2 IU of Thytropar, Armour Pharmaceutical
Co., Phoenix, Arizona, U.S.A.) unlabeled thyrotropin (TSH).
The mixture was then centrifuged at 100000 X g for 15 min and
the supernatant was carefully removed by aspiration. The tip of
the tube containing the membrane pellet was then excised and
radioactivity measured using a Beckman Autogamma 8000
counter. (b) The ability of purified plasma membrane frag-
ments to bind anti-H-2" alloantiserum. Microtitre plates were
coated with 25 pl of serially diluted membranes in phosphate
buffered saline, pH 7.2. After overnight incubation at 4°C,
unbound membranes were removed by washing and 25 ul of
anti H-2® antiserum was added. The plates were incubated for
1 h at room temperature, and unbound antibody removed by
washing. Then 25 gl of 1251 1abeled protein A (20000 cpm) was
added and the plates incubated for a further 1 h at room
temperature. The plates were washed again and the radioactiv-
ity in individual wells was measured using a Beckman Auto-
gamma 8000 counter. O O, EL4 (H-2%) membranes
prepared by Method 3; @ @, EL4 membranes prepared
by Method 2; and O O, P815 (H-29) membranes pre-
pared by Method 2.
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TABLE I

ALLOGENEIC CYTOTOXICITY BY Balb/c LYMPHOCYTES USING PLASMA MEMBRANES AS SECONDARY IN VITRO
IMMUNOGENS

Effector cells weré obtained as described in Materials and Methods. Cytotoxicity was determined following incubation for 3 h at 37°C
with 3! Cr-loaded EL4 cells at various effector to target ratios [15]. Values for specific lysis have been corrected for background lysis by
Balb/c lymphocytes cultured in medium without any immunogens, and cytotoxicity was calculated as follows.

Cpn‘1 released in the presence of effector cells — Background

X 100
Total releasable cpm in target cells — Background

Cytotoxicity =

Total releasable cpm was obtained as counts released from the target cells by three cycles of freezing and thawing. The background
was determined by incubating the target cells in the presence of Balb/c lymphocytes cultured in medium with no immunogens.

Secondary Concn. Cytotoxicity (% *'Cr release), effector-target ratio
immunogen (pg/ml)

3 9 27 80

EL4 membrane

(Method 3) 10 6.5+1.0 133415 357116 60.4+1.3
30 10.9+1.3 27.0+1.8 545+ 1.1 66.5+2.1
60 159410 29.7+19 63.6+0.9 733414
EL4 membrane
(Method 2) 10 12.1+1.3 299+14 55.4+0.5 756+1.2
30 188+1.3 40.31+1.9 65.6+2.0 757126
60 15.1+1.8 339+1.1 64.8+0.6 76.6+0.8
P815 membrane
(control)
(Method 2) 10 1.5+09 1.2+0.7 23405 0.9+02
30 1.1+1.5 03+04 1.3+15 ~0.1+29
60 14+1.6 09+14 14418 1.3+£0.8
TABLE II

MARKER ENZYME ANALYSIS OF HUMAN THYROID MEMBRANES

Human thyroid tissue was homogenised as described in Materials and Methods. Plasma membranes were prepared by the Neville
technique (Method 1) and according to the present method (Method 3). Marker enzymes were analysed in the crude homogenates and
in the two membrane preparations as described in the text. n.d., not detected. Figures are presented as mean + S.E. of triplicates or
averages of closely agreeing duplicates.

Enzyme Enzyme activity in:
Thyroid homogenate Membranes prepared by
(10 min at 1000X g
supernatant) Present Neville
method method
Adenylate cyclase 2 100 mU TSH 0.17 377105 4.6540.6
10 mM NaF 0.89 12.00+7.0 18.30+2.3
(Na‘* +K*)-ATPase ® 0.63+£0.12 9.55+23 712422
5'-Nucleotidase ® 1.39 224 19.46
NADPH-cytochrome ¢ reductase ® 0.56 nd. 0.088
Glucose-6-phosphatase " 1.21 0.39 0.21
Succinate dehydrogenase ® 0.35 nd. nd.

* nmol/h per mg protein.
b wmol/h per mg protein.
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the present method are of equal or greater purity
than membranes prepared by the other two com-
monly used methods. Using this method we have
successfully prepared membranes in high yields
from several cell types and tissues such as human
skeletal muscle, eye muscle, cheek muscle, gluteal
muscle, spleen, thymus, liver, adrenal cortex,
lymphocytes, chinese hamster ovary cells and rab-
bit mammary tissue.

Another advantage of the present method is its
simplicity and rapidity. It involves a single homo-
genization step followed by a single centrifugation
step. The currently used methods involve tedious
techniques of cell disruption followed by repeated
differential centrifugation to remove different sub-
cellular organelles and finally (sucrose) density
gradient centrifugation for the isolation of plasma
membranes. The use of a single ‘cushion’ of 41%
sucrose, instead of a discontinuous sucrose density
gradient, stems from a previous observation [4]
that membranes (measured by their thyrotropin-
binding activity) are unable to penetrate and sedi-
ment through this cushion after centrifugation at
100000 X g for upto 4 h. Although the activity of
enzymes that are labile, e.g., adenylate cyclase may
be reduced or destroyed by the shear forces in-
volved in Polytron homogenization, other bio-
chemical activities that could have been lost by
lengthy procedures are retained. The presence of
phenylmethylsulfonyl fluoride (a protease inhibi-
tor) in the homogenisation buffer and the quick
separation of the plasma membrane from the cyto-
plasm also results in little, if any, damage to the
membrane components.

Plasma membranes can be characterized by
physical means such as electron microscopy, high
resolution phase contrast light microscopy or by
biochemical means such as enzymatic analysis or
receptor quantification. Of all the above methods,
identification and quantitation of specific cell
surface receptors is the most convenient and re-
producible method for monitoring plasma mem-
brane recovery [3]. In the present work we have
used cell surface markers (histocompatibility anti-
gens and hormone receptors) and the activity of

specific marker enzymes to assay for the purity
and recovery of membranes and the exclusion of
other sub-cellular organelles.

The procedure described here reproducibly gives
pure preparations of membranes with high yields.
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