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Two methods arc described enabling the plasma membrane from Chinese hamster (wary (CI]O) cells to be obtained rapidly, 
relatively pure and with a good yield. In both cases, cells were disrupted by nitrogen cavitation in an isoosmotic buffer either at 
pH 5.4 or at pH 7.4. In the first appreach, cells were lysed at pH 7.4 and the plasma membrane and cell organclles were isolated 
on it self-generated gradient of Percoll, at neutral pit. Mitochondria and endoplasmic reticulum were recovered in the denser 
fractions, plasma membrane fragments were fimnd in the lighter fractions, but always contaminated by lysosomes. Because 
lysosomes were found to sediment in acidic conditions, cells were lysed at pH 5.4 and presedimentation (1500 x g ) o f  the cell 
homogenate at the same pH enabled more than 80% of the lysosomes to be removed. Then, ultracentrifugation of the 
supernatant over a Percoll gradient at neutral pH yielded plasma membrane fractious practically free of lysosomes with an 
enrichment ratio of 3 and fractions of mitochondria and endoplasmic reticulum with enrichment ratios of 17 and 6, respectively. 
A major problem was encountered in the final step of elimination of Percoll from the purified plasma membrane fractions. 
Whatever the technique used fi~r eliminating Pcrcoil, plasma membranes were observed to be contaminated by a Pcrcoll 
constituent which prevented further purification and biochemical identification of the lipids extracted from these membrane 
fractions to be carried out. A second method of plasma membrane preparation was tested consisting first in the coating of the 
cell surface with positive colloidal silica which was stabilized by an anionic polymer. Then, and through differential centrifuga- 
tions, plasma membrane fractions were easily obtained within less than 1 h, with a yield of 65% and an enrichment ratio of 7. 
The coating pclliclc was quantitatively removcd thus enabling any biochemical manipulation of the plasma membrane to be 
carried out. The lipids present in the plasma membrane of CHO cells were analyzed and are described, l~oth in terms of 
headgroup and acyl chain composition. 

Introduction 

Recently, we have developed a new approach involv- 
ing anthracene as a fluorescent and photoactivatable 
group to investigate both the lateral distribution and 
the dynamics of lipids in biological membranes. This 
hydrophobic chromophore, which is well suited for 
labeling the hydrophobic core of the membrane, was 
introduced into lipids in the form of 9-(2-anthryl)non- 
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Abbreviations: FRAP, fluorescence recovery after photobleaching; 
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raphy; LDH, lactate dehydrogenase; ConA, concanavalin A; EGTA, 
ethylene.glycol bis(/~-aminoethyl ether) N,N,N',N'-tetraacetic acid; 
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anaic acid, whose synthesis and physical chemical 
properties have already been described [I,2]. 

Taking advantage of the fluorescence and pho- 
todimerization properties of anthracene, we have shown 
that after incorporation into membrane lipids, this 
chromophore can be used to study the lateral diffusion 
rate of the labeled molecules using fluorescence recov- 
ery after photobleaching (FRAP) techniques [3,4] and 
to study the lateral distribution of lipids in membranes 
after photo-cross-linking of adjacent anthracene- 
labeled molecules and subsequent identification of the 
photodimers [5,6]. Combined with metabolic incorpora- 
tion of the anthracene-fatty acid into membrane lipids 
[7,8], these new approaches were successfully applied 
to the plasma membranes of eukaryotic (Chinese ham- 
ster ovary cells) [8] and prokaryotic (Micrococcus lu- 
teus) cells [9]. As a main result, the photo-cross-linking 
technique provided strong evidence for the existence of 
large heterogeneity in the lateral distribution of phos- 
phatidylglycerol and G!imannosyldiacylglyeerol (the two 



206 

major lipids) in the bacterial membrane [6,10], while 
FRAP experiments clearly indicated the occurrence of 
lipid microdomains in the plasmalemma of CHO cells 
[9]. 

To go further in the elucidation of the composition 
and organization of these lipid microdomains in the 
CHO plasma membranes, and in particular by using 
the photo-cross-linking approach, one prerequisite is to 
have purified plasma membranes. These membranes 
should be obtained pure, with a good yield and as 
rapidly as possible, and in a way such that the lipids 
might be extracted free of any external contaminant. 

CHO cells provide an interesting model system which 
is widely used for many investigations in cellular biol- 
ogy. The possibility of easily obtaining well purified 
plasma membranes and organelles might be of great 
interest for many laboratories. Surprisingly, only a few 
reports deal with the purification of the plasma mem- 
brane of CHO cells. They do not meet the above 
requirements of purity, yield and rapidity of isolation. 

in the present work, two methods of membrane 
preparation were assayed. One, developed by Perret 
and co-workers [11-16], which uses a Percoll gradient. 
After adaptation of the method to CHO cells, plasma 
membranes and organelles were obtained relatively 
pure but difficulties were encountered in the last step 
of extraction of the lipids from the plasma membranes. 
The lipids were systematically contaminated by a Per- 
coil constituent which proved to be very difficult to 
remove. The second procedure tested was that de- 
scribed by Chancy and Jacobson [17], which consists in 
coating intact cells with a pellicle of positively charged 
colloidal silica particles which is then stabilized by an 
anionic polymer. After disruption of the cclls, the 
plasma membranes which now exhibit an enhanced 
density are easily isolated by low speed differential 
centrifugations. This technique has been adapted to 
the preparation of CHO plasma membranes and their 
lipid components have been characterized biochemi- 
cally. 

Materials and Methods 

Chemicals, Salts and solvents were of analytical 
grade. 

Cell culture. CHO cells were grown in suspension at 
37'~C under gentle agitation in Eagle's minimal essen- 
tial medium [18] (MEM 0111, Eurobio, France) supple- 
mented with vitamins, amino acids, penicillin (100 
U/ml), streptomycin (100/~g/ml) and 8% fetal calf 
serum (Boehringer, Germany). Cell density was main- 
tained between 3.10 "~ and 6-10 "~ cells/ml by daily 
dilution of the cell suspension in the same growth 
medium, in order to keep the cells in the exponential 
phase of grov.~h. Cell density was determined by a 
direct counting of the cells in the microscope. 

Labeling of the cell surfece. This step is common to 
both types of preparation of plasma membranes we 
have tested. CHO cells, in suspension in the culture 
medium, were centrifuged and the pellet was washed 
twice with phosphate-buffered saline (PBS: 0.15 M 
NaCI, 0.01 M Na:HPO 4, 0.01 M KH2PO 4, pH 7.4) by 
centrifugation. Cell pellet was resuspended at a density 
of l0 T cells/ml in PBS and incubated for 20 min at 
20°C with [aH]concanavalin A (3H-ConA, 1 /~Ci/ml, 
Amersham, UK). The cells were centrifuged (400 x g, 
5 rain) and washed twice with PBS. In these conditions, 
all the non-specific adsorbed lectin was removed from 
the cell surface. After this surface labeling, all steps 
were performed at 4°C. 

Preparation of plasma monbrane using Percoll gradi- 
ents. Cells were suspended in the lysis buffer (40 mM 
Tris, 90 mM KCI, 2 mM MgC! 2, 2 mM ATP, 1.5 mM 
EGTA, 1 mM PMSF, pH 7.4 or 5.4) at a density of 
3.10 ~ cells/mi and equilibrated at 4°C for 10 rain with 
nitrogen at a pressure of 10 arm in a Kontes pressure 
homogenizer (Kontes, USA) [19]. 

The cell suspension was released dropwise from the 
homogenizer and then centrifuged at 1500 × g during 
10 rain to remove intact cells and nuclei. The cell pellet 
was recovered and tested for its enzymatic and radioac- 
tive content. The supernatant was collected and mixed 
with Percoll (Pharmacia, Sweden) in the following pro- 
portions: 5 ml homogenate, 11 ml Percoll, 5 ml lysis 
buffer concentrated three fold. pH was adjusted to 7.4 
with 0.5 M Na2CO 3 solution. The mixture was cen- 
trifuged in a Beckman centrifuge using 60 Ti rotor at 
70000 x g for 15 rain. Fractions of 2 ml were harvested 
from the top of the tube and tested for their radioactiv- 
ity and various enzyme markers. To remove Percoll 
from the plasma membrane fractions, the fractions 
containing th= highest amount of 3H radioactivity were 
pooled, diluted 3-fold with PBS and centrifuged at 
200000 x g for 45 rain. Plasma membranes were float- 
ing over the Percoll pellet. They were collected, diluted 
in PBS and centrifuged again at 200000 x g for 45 
rain. Plasma membranes were collected as above. In 
order to precipitate residual Percoll, cold isopropanol 
with 2% acetic acid was added to this fraction. After 
centrifugation at 1500 x g for 15 rain, lipids were re- 
covered in isopropanol and extracted according to the 
method of Bligh and Dyer [20] modified by Record et 
al. [21]. 

Preparation of plasma membrane using silica beads. 
As described in the Introduction, plasma membranes 
with enhanced density were obtained after fixation on 
the cell surface of positively charged colloidal silica 
beads stabilized by an anionic polymer. 

Positively charged colloidal silica beads (30% sus- 
pension by weight) [ 17] were kindly provided by Drs. S. 
Jacobson and K. Auer (Massachussets, USA). Based 
on the results of these authors, polyacrylic acid (PM = 



90000, Aldrich, USA) was selected as polyanion [17]. 
The formation of the silica-poiyanion peiiicle was per- 
formed as described by Jacobson et al. [17]. Cells were 
suspended in the attachment buffer (140 mM sorbitol, 
20 mM Mes, pH 6.5) at a density of 10 7 cells/ml. For 
2 × l0 T cells, 2 ml of silica suspension at 8% by weight 
were added. After gentle mixing, 20 ml of wash buffer 
(70 mM NaCl, 20 mM Mes, pH 6.5) were added. The 
suspension was centrifuged at 400 × g for 5 rain in 
order to pellet the cells away from silica in excess. Cell 
pellet was suspended in 3 ml of wash buffer and then 3 
mi of a solution of polyacrylic acid (2 mg/ml in wash 
buffer, pH 6.5) were added. After addition of 20 ml 
wash buffer, cell suspension was centrifuged in order 
to remove polyanion in excess. Cells were washed three 
times with 20 ml wash buffer. 

Cell iysis was then carried out using a nitrogen 
cavitation procedure [19] in the following way. Cell 
pellet was resuspended in the lysis buffer (40 mM Tris, 
90 mM KCI, 2 mM MgCi 2, 2 mM ATP, 1.5 mM 
EGTA, 1 mM PMSF, pH 5.4) at a density of 3 .10 ~' 
celis/ml and equilibrated at 40C for 10 min with nitro- 
gen at a given pressure (see Results) in a Kontes 
pressure homogenizer. Then, cell suspension was re- 
leased dropwise from the homogenizer. 

Lysate was fractionated by differential centrifuga- 
tions. It was first centrifuged at 200 × g during 3 rain 
to remove intact cells. Plasma membranes were pel- 
leted by centrifugation of the supernatant at 400 x g 
and the centrifugation time was varied to optimize the 
recovery yield of plasma membranes (see Results). 
Cytosol, nuclei and intracellular organelles were found 
in the supernatant. Both fractions were tested for their 
enzymatic and radioactivity contents. 

To remove the silica-polyanion pellicle from the 
plasma membrane sheets, pellets of coated plasma 
membranes were resuspended in 2 ml hypertonic PBS 
(0.2 M NaCI, 0.01 M Na2HPO 4, 0.01 M KH2PO 4, pH 
7.4). They were then sonicated three times for 3 rain in 
a sonicating bath (80 kHz) and centrifuged at 400 × g 
during 3 rain. The silica pellet was resuspended in 2 mi 
of 200 mM PBS and submitted again to the same 
treatment. Using this procedure enabled all the silica- 
polyanion pellicle to be removed from the plasma 
membranes. Both supernatants, which contained 
plasma membranes, were collected and lipids were 
extracted according to Biigh and Dyer [20]. 

Enzymatic markers. The activity of N-acetyl-/3-D-glu- 
cosaminidase (EC 3.2.1.30), a marker of the lysosomes, 
was measured according to Day et al. [22]. Lysosomal 
/3-glucuronidase (EC 3.2.1.31) was tested using Sigma 
kit. The NADH dehydrogenase (EC 1.6.99.3) also called 
NADH diaphorase, an enzyme of the endoplasmic 
reticulum, was measured according to a procedure 
adapted from Wallach and Kamat [19] and described 
by Record et al. [12]. The presence of mitochondria 
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(succinate dehydrogenase, EC 1.3.99.1) was assayed 
according to the method of King [23]. The cytu~olic 
lactate dehydrogenase (EC 1.1.1.27)was measured ac- 
cording to a procedure adapted from Wroblewski and 
La Due [24] and described by Chap et al. [25]. 100% 
lysis was estimated by addition of Triton X-100 at 0.1% 
in the assay. 

Lipid analysis. Total lipid extracts from the plasma 
membranes prepared by both purification methods 
were chromatographied on Silica gel thin-layer plates 
(Merck, Germany) (CHCi3/CH3OH/CH 3COOH/ 
H 20, 65: 25" 20" 4, v/v). Each phospholipid spot was 
scraped and analyzed for its phosphorus content ac- 
cording to Eaton and Dennis [26]. 

Relative percentages of phospholipids, cholesterol 
and triglycerides were determined using a COBAS 
FARA apparatus (Roche Diagnostic, France). 

To analyze the fatty acid content of cell ho- 
mogenates, of the total lipids extracted from plasma 
membrane fractions, of phosphatidyicboline or phos- 
phatidylethanolamine purified by thin-layer chro- 
matography from the plasma membrane, lipids were 
saponified (1 M KOH in CHaOH/C6H6, 8:2, v/v) for 
1 h at 60°C. Fatty acids were extracted with diethyi 
ether and converted into their methyl esters using 
diazomethane. Gas-liquid chromatography identifica- 
tion of esters was carried out with a Delsi apparatus 
equipped with a semi-capillary column (type OVI, 24 
m long), over a temperature range from 100°C to 
2900C. 

Analytical methods. Proteins were dosed according 
to the method of Lowry et al. [27] using bovine serum 
albumin as standard. 3H radioactivity was counted with 
a Packard liquid scintillation counter (model 1600 CA 
Tri Carb) using Lumasafe (Lumac, Belgium) as scintil- 
lation fluid. 

Results 

Preparation of plasma membranes over Percoll gradients 
CHO cells in suspension were lysed at' neutral pH 

after equilibration with nitrogen. A pressure of 10 atm 
led to 95% iysis. Lysate was then mixed with Percoll 
which, after centrifugation, generates a continuous gra- 
dient enabling membrane fragments differing in den- 
sity to be separated. Fractions of 2 ml were collected 
from the top of the gradient and assayed for their 
radioactivity content and various enzymatic markers. 
Data presented in Fig. 1 shows that 3H radioactivity 
associated with concanavalin A, the marker of plasma 
membranes, was found in the fractions of low density 
(fractions 2 and 3), as a single peak. This indicates that 
the conditions of incubation with 3H-ConA were well 
adapted to CHO cells since no internalization of the 
iectin occurred. Lysosomes, revealed by N-acetyl-/3-D- 
glucosaminidase, were found associated with the plasma 
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Fig. I, Distribution of membrane markers alter fraclionation of 
plasma membrane and organelles of CHO cells on a self-generating 
Percoll gradient, pH lysis and pH gradient were 5.4 and 7.4, respec- 
tively. The data shown corresponds to one among seven experiments 
which gave similar distribution profiles. Marker activities are ex- 
pressed as percentage of the total, Part A: "~H-ConA (11) f(~r plasma 
membranes, N-acetyl-/3-1)-glucosaminidase (,,,) for ly~somes. Part 
B: NADH diaphorase (B)  for endoplasmic rcticulum, succinate 

dehydrogenase ( • ) for mitochondria. 

membrane fractions. Endoplasmic reticulum (NADH 
diaphorase) and rnitocho:wJria (succinate dehydro- 
genase) were well separated and mainly recovered in 
fractions 9 and 10, respectively. 

in an attempt to decrease the rate of contamination 
of the plasma membranes by lysosemes, an effort was 

made to enhance the density either of the lysosomes, 
by addition of FeCI.~ [28], or of the plasma membranes, 
by addition of digitonin [29]. No better separation of 
these organeiles was obtained. 

it has been reported that the use of alkaline instead 
of neutral conditions for the Percoll gradient, improved 
the separation between plasma membranes and endo- 
plasmic reticulum in Krebs It ascite cells [12] and in 
platelets [13]. In the case of CHO cells, varying the pH 
of the Percoll gradient from 5.4 up to 9.4 did not 
improve the separation of lysosomes and plasma mem- 
branes. 

Changing the pH of the lysis step was also tested. 
Separation of the various organelles, in particular 
plasma membranes and iysosomes, on the Percoll gra- 
dient was not improved, in contrast, differences were 
observed in the sedimentation rate of the plasma mem- 
branes and iysosomes during the 1500 x g centrifuga- 
tion step of the homogenate, which preceded the gradi- 
ent fractionation. As shown in Fig. 2, the sedimenta- 
tion of lysosomes was markedly enhanced in acidic 
conditions. The yield of recovery of these organelles in 
the 1500 × g supernatant decreased from 65% at neu- 
tral pH down to 20% at pH 5.4, while the sedimenta- 
tion of plasma membranes was not significantly modi- 
fied. About 60% were recovered in the supernatant at 
pH 5.4 compared to 70% at pH 7.4. Thus, the use of 
acidic conditions during the 1500 × g  centrifugation 
step enabled a pre-fractionation of the plasma mem- 
branes from the iysosomes in the homogenate to be 
achieved. 

The acidic 1500 ×g  supernatant was then ultracen- 
trifuged over a Percoll gradient at neutral pH. The 
profiles of distribution of plasma membranes and or- 
ganelles in the collected fractions were the same as 
those described above in Fig. 1. Their characterization 
with radioactivity and enzyme markers are given in 
Table I. Plasma membranes were ~'ollected in fractions 
2 and 3. They were enriched 3-fold based on ConA 

TABLE i 

Specific aerie'tries of markers in difJ'erent fractions of Percoll gradient after ('entrifi¢ea,on oJ a homoet'naw frm, CHO cells 

Homogenates from lyzed CHO cells were first sedimented at 1500:< g, pH 5.4, in order to remove most of the lysosomes. Then, the obtained 
supematant was ultracentrifuged on a Percoli gradient. Results are the mean of four experiments. Numbers in parentheses represent the 
enrichment ratio which was calculated with respect to the cell homogenate. Specific activities are expressed in dpm/mg protein (a), nmol/h per 
m8 protein (b), s t o o l / s i n  per mg protein (c), pmol/min per mg protein (d). (n.d., not detected). 

Markers Homogenate Fractions 2 and 3 Fraction 9 Fraction 10 

• ~H-ConA (a) 

(plasma membranes) 2 700 ± 250 8100 ± 30(I (3) 100 ± 15 (0.04) 80 ± 10 (0.03) 
/J-~Gluco~mminidase (b) 

(lysosomes) 360± 20 111+ 20(0.3) 70±14(0.2) 72-1- 8 (0.2) 
NADH diaphorase (c) 

(endoplasmicrcticulum) 18± 3 9± 1 (0.5) i15±20(6.4) 15+ 3 (0.8) 
Succinate dehydrogenase (d) 

(mitochondria) 25 + 5 n.d. 25 =l: 4 (1) 425 + 20 (17) 
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Fig. 2. Effect of the !~'°':~ pH on the lysis rate (A) and on the 
sedimentation of plasma membranes ('~H-ConA radioactivity, I )  
and of iysosomes (/J-glucuronidase, []) during the 1500x g centrif- 
ugation. The percentage of lysis was evaluated by measuring the 
lactate dehydrogenase activity in the cell homogenate. The percent- 
ages of recovery of plasma membrane:~ and lysosomes in the 1500 x g 
supernatant were calculated by reference to the homogenate. N 2 

pressure was fixed at 10 atm. 

radioactivity. In agreement with the results shown in 
Fig. 2, plasma membranes were only contaminated to a 
slight extent by lysosomes (lysosomes enrichment ratio 
ffi 0.3). Presence of endoplasmic reticulum and mito- 
chondria was also negligible. The heaviest fractions 9 
and 10 were mainly enriched in endoplasmic reticulum 
(6.4-fold) and mitochondria (17-fold), respectively. 
Plasma membranes and lysosomes were practically ab- 
sent from these fractions. 

It can be seen *.hat the conditions described above 
enabled plasma membranes to be prepared but also 
endoplasmic reticulum and mitochondria. These vari- 
ous organelles were well characterized and pure enough 
to be used for enzymatic studies. Unfortunately, diffi- 
culties were encountered in the step of elimination of 
Percoll from the purified plasma membrane (fractions 
2 and 3 in Fig. 1) with consequences on the purification 
of the lipids which were extracted from these fractions. 
Firstly, it was difficult to deposit the iipids in a homo- 
geneous way on the TLC plates. Secondly, a smear was 
systematically observed from the bottom to the top of 
the chromatograms, perturbing the migration of the 
lipids and making their identification difficult. This was 
due to the presence of contaminants extracted from 
residual Percoll. Attempts to purify these plasma mem- 
brane lipid extracts by means of various chromato- 
graphic techniques (TLC, Silica and Se.phadex G-25 
columns) were unsuccessful thus making the use of 
these iipids and membrane fractions for further investi- 
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gation of the dynamics and topological distribution of 
lipids in membranes questionable. 

For these reasons, another technique of plasma 
membrane preparation was assayed. 

Preparation of plasma membrane from silica-coated cells 
As already described in the Introduction, the princi- 

ple of this method is to enhance specifically the density 
of the plasma membranes in order to improve their 
separation from other organelles by low-speed centrif- 
ugation. 

The first parameter to be determined was the aum- 
bet of silica-polyanion layers to be fixed on the cell 
surface in order to sufficiently enhance the density of 
the plasma membranes. In the case of CHO cells, only 
one silica-polyanion layer was necessary to obtain good 
separation from other membranes. This was checked 
by fractionation of the cell lysate ,)vet continuous self- 
generating Percoll gradients in the conditions de- 
scribed above (data not shown). Coated plasma mem- 
branes were recovered in the heaviest density fraction 
(fraction 10). Note that less than 3% of the 3H-ConA 
fixed on cells were removed during the coating proce- 
dure. 

Optimization of the nitrogen pressure. Like Clmney 
and Jacobson [17], we have chosen to lyse the cells by 
N 2 cavitation. Provided the N 2 pressure is optimized, 
there is no disruption of subcellular organelles when 
using this technique [31]. Nevertheless, for coated cells, 
the pressure and the equilibration time have to be such 
as to avoid desorption of the silica-polyanion pellicle 
from the plasma membrane. Moreover, the cell lysis 
rate must be around 100% in order to increase the 
yield of membrane preparation and also because intact 
cells could cosediment with the coated plasma mem- 
brane fragments during the differential centrifugations. 

Fig. 3 shows the effect of the applied N 2 pressure 
on the lysis rate of CHO cells. Equilibration time was 
set at 10 rain. As can be seen, the rate of lysis in- 
creased regularly while increasing the N 2 pressure from 
0 to 30 atm. The highest lysis rate obtained was 90% + 
7%. Surprisingly, for pressure above 30 atm, the lysis 
rate decreased to 62%. This might be due to too high 
N 2 pressure which causes disruption of intracellular 
organelles and the removal, in the suspension medium, 
of the iytic enzymes they contain with consequences on 
the integrity of the plasma membrane preparations. 
For example, if a lysis of lysosomes occurs, the meas- 
urement of the cell lysis rate might be artefactual since 
the proteases released from lysosomes inactivate en- 
zyme. Because of this, PMSF and EGTA, inhibitors of 
proteases and phosl~holipases re,~pectively, were added 
to the suspension medium for better estimation of the 
cell lysis yield. In agreement with the above hypothesis, 
addition of these two components in the iysis buffer 
increased the measured iysis rate from 52% to 85% for 
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Fig. 3. Effect of the applied N: pressure on the lysis rate of ClIO 
cells coated with silica beads, rhe pcrccntagc of lysis was evaluated 
by measuring the lactate dehydrogenase activity in the ceil ho- 
mogenate (as described in Mater;als and Methods) without (11) or 

with ( • ) I mM PI~iSF. 

a pressure of 80 arm. in any case, maximum cell lysis 
was obtained for a pre~m'e of 30 atm and this value 
was chosen as a good compromise for maximal cell Ivsi,; 
and minimal organite lysis. 

Optimization of the diffe,'ential centrifugations. Low- 
speed centrifugations were then used to fractionate t~e 
lysate. A first centrifugation at 200 × g during 3 rain 
removed the small fraction of non-lysed cells. The 
percentage of "~H radioactivity recovered in the 200 x g 
pellet with respect to the total initial radioactivity in 
the homogenate was identical to the percentage of 
intact cells found in the lysate before the centrifuga- 
tion and determined on the ground of lactate dehydro- 
genase activity. This indicated that no aggregation oc- 
curred between cells and plasma membrane sheets 
during the two steps of cell lysis and 200 × g centrif- 
ugation. 

The 200 x g supernatant was then fractionated at 
400 x g for various periods of time. Results are shown 
in Fig. 4. The rate of sedimented plasma membranes 
increased with centrifugation time and then stabilized 
at 70% for centrifugation times of 20 rain and above. 
Furthermore, for a centrifugation time of 30 rain, a 
non-negligible fraction of nuclei cosedimented with the 
plasma membrane sheets, as observed in a photonic 
microscope. 

The lack of total recovery, of the plasma membranes 
may be due to the existence of a fraction of uncoated 
plasma membranes which would not sediment during 
the low speed centrifugation step. Indeed, ultracen- 
trifugation of the 400 ×g  supernatant over Percoll 
gradient as described above revealed the presence of 
non-coated plasma membrane fragments in fraction 3. 

These non-coated fractions (;f plasma membrane might 
correspond to cell surface regions inaccessible to the 
silica particles, for example, because of the presence of 
microvilli. In order to check this hypothesis and with 
the aim of increasing the coating rate of the plasma 
membranes, we used the capacity of CHO cells to swell 
when suspended in an hypotonic buffer. In 50 mM 
PBS, CHO cells swelled and exhibited a smooth sur- 
face as checked by electron microscopy [32] but fixation 
of silica on these cells did not improve the recovery 
rate of the plasma membrane. This incomplete coating 
of the plasma membrane might be due to partial des- 
orption of silica by polyacrylic acid as described by 
Chancy and Jacobson when dextran sulfate was used 
[17]. 

Eolzymatic characterization of the plasma membrane 
fraction 

Enzymatic markers were used to evaluate the de- 
gree of contamination of the plasma membrane frac- 
tion by other c, rganelles. As shown in Table II, the 
plasma membrane preparations were enriched 7-fold. 
The concentration of marker enzymes related to the 
other major organeiles were reduced to very low levels. 

Biochemical characterization oj the isolated plasma 
membranes 

Elimination of the silica-polyanion peUicle was car- 
ried out by ultrasonication of the purified plasma 
membrane fractions in an hypertonic buffer (200 mM 
PBS). in these conditions, all the pellicle was removed. 
Indeed, no iipids were detected in Bligh and Dyer 
extracts of the silica pellets. Furthermore, chemicals 
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tivity present in the cell homogenate. 



TABLE !! 

Siu'cific activities of markers in the plasma membrane fractions ob- 
tained from silica-coated cells 

Results are the means of three experiments. Numbers in parentheses 
represent the enrichment ratio which was calculated with respect to 
the cell homogenate. Specific activities are expressed in dpm/mg 
protein (a), nmol/h per mg protein (b), mmol/min per mg protein 
(c),/zmoi/min per mg protein (d). 

Markers Homogenate Plasma membrane 

3H-ConA Ca) 
(plasma membranes) 49{}0± 100 36000±210 (7.3) 

//-D-Glucosaminidase (b) 
(lysosomes) 580 + 20 350 ± 20 (0.6) 

/3-Glucuronidase (b) 
(iyst,somes) 225~)± 135 1575 ± 107 (0.7) 

NADH diaphorase (e) 
(endoplasmic reticulum) 95 ± 10 33 ± 8 (0.3) 

Succinate dehydrogenase (d) 
(mitochondria) 25 ± 5 2.5 ± (I.5 (0.1) 

which arc characteristic of the coating peilicle are 
detected by TLC chromatography of this extract. These 
compounds were not observed in the lipids extracted 
from the recovered plasma membrane. 

Purified plasma membranes and whole cell mem- 
branes were analyzed for their neutral lipid and phos- 
pholipid contents. As shown in Table Ill, the main 
differences were observed in the cholesierol to phos- 
pholipid ratios, which increased from 0.34 in the ho- 
mogenate up to 0.55 in the plasma membrane. 

Table IV shows the phospholipid composition of the 
total lipid extract from the homogenate and the plasma 
membrane fractions. It is to be noted that the phospho- 
lipid composition of the homogenate is in agreement 
with those published by Esko and Raetz [33] and by 
Polokoff et al. [34]. Plasma membranes were enriched 
in sphingomyelin, in phosphatidylserine and in phos- 
phatidylethanolamine, at the expense of phosphatidyl- 
choline; which decreased from 48% in the homogenate 
down tc39% in the plasma membrane. Lysophosphati- 
dylcholine and phosphatidylinositol were not detected 
in the various plasma membrane preparations tested. 

TABLE !!! 

Lipid composition of total ce(;,dar and CHO plasma membrane ex- 
tracts 

Results are expressed in mol% with respect to the total and are the 
means of three experiments. 

Homogenate Plasma membrane 

Phospholipids 70 ± 7 62 ± 3 
Triglycerides ~ ± 0.5 4 ± 0.5 
Cholesterol 24 ± 1 34 ± 2 

Chol./Phospholipids 0.34 0.55 
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TABLE IV 

Phospholipids composition of cell homogenates attd of plasma mem- 
branes isolated from CHO cells 

Results are the mean~ of three experiments and expressed in mol% 
with respect to the total. (n.d., not detected.) 

Homogenate Plasma membrane 

PC 48 ± 2 39 ± 2 
PE 24 ± 2 32 ± 2 
P! 8 ± 1 n.d. 
PS 6±1 11±1 
Lyso-PC 4 ± 1 n.d. 
SM 10± 1 18± ! 

The possibility of selective binding of these lipids to 
the silica pellicle can be ruled out since they were not 
detected in the Bligh and Dyer extracts obtained from 
the silica pellets and from the silica coated plasma 
membrane fractions. 

Table V reports the fatty acid composition of the 
phospholipids extracted from the homogenate and the 
plasma membranes. This composition is in agreement 
with that described by Rintoul et al. [35]. Only five 
fatty acids represent more than 95% of the total con- 
tent. No drastic change in this composition was found 
between homogenate and plasma mem0rane lipid ex- 
tracts. The bi-unsaturated fatty acid 18: 2 (linoleic acid) 
decreased from 11% in the homogenate down to 5% in 
the plasma membrane to the benefit of all the other 
species. However, it should be noted that in the plasma 
inembranes, the unsaturated fatty acids represented 
53% of the total instead of 58% in the homogenate. 

The percentage of saturated fatty acids in phospha- 
tidylcholine and phosphatidylethanolamine was high 
(70%) compared to that of total plasma membrane 
phospholipids (42%) (Table V). Insufficient sphingo- 
myelin was recovered to allow direct analysis of its fatty 
acid content. However, the conditions of alkaline 
methanolysis used for the analysis of the total or plasma 
membrane lipid extracts were checked to be strong 
enough to cleave the amide linkage of sphingomyelin. 

TABLE V 

Fatty acids composition of phospholipids extracted from cell ho- 
mogenates and from plasma membranes purified from CHO cells 

The data are the mean of two membrane preparations and expressed 
in percent with respect to the total. (n.d., not detected.) 

Homogenate Plasma PC PE 
membrane 

16:0 26±2 28±3 50±6 41 ±5 
16:1 5±1 5+!  6±!  6±2 
18:0 16± 1 l~J+2 17±2 28±4 
18:1 42±5 43±2 27±3 24±2 
18:2 11±1 5±2 n.d. n.d. 
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In these conditions, the fatty acid composition of 
sphingomyelin can be calculated from that of phospha- 
tidylcholine, phosphatidylethanolamine and the total 
lipid extract from the plasma membrane. By this means, 
sphingomyelin was estimated to be acylated mainly by 
oleic acid (78%), with only 12% saturated fatty acid. 

Discussion 

To further investigate the composition and the topo- 
logical distribution of phospholipids in the plasma 
membrane of CHO cells, obtaining purified plasma 
membrane fractions, having good yield, high degree of 
purification and available as rapidly as possible was an 
obligatory step. 

Various methods of fractionation of the membranes 
of CHO cells have been published [33,36-46] but only 
a few are relative to the plasma membrane [37,40,41, 
43,46] and the data described did not meet the above 
requirements. Simoni and co-workers have studied the 
intracellular transport of cholesterol [37,41] or 
phosphatidylcholine [40] from the endoplasmic reticu- 
lure to the plasma membrane of CHO ~clls. In the first 
report, plasma membranes were prepared by fixation 
of cells on DEAE-Sephadex beads. An enrichment 
ratio of 10 was reported for the plasma membrane but 
lysosomes were also enriched 2-fold [37]. The yield did 
not exceed 10%. In further publications, a sucrose 
gradient was used for membrane fractionation, but no 
further characterization of the plasma membrane frac- 
tion was described [41]. 

Mackinnon and Mountford [43] have used, without 
adaptation of the various parameters for CHO cells, a 
method published by May and co-workers [47] tbr 
fractionation of blood lymphocytes and using sucrose 
gradient. No characterization of the CHO plasma 
~,~embrane fractions, in terms of yield, enrichment ratio 
and separation from other organelles, was given. Since 
these preparations were not clear enough, we have 
tested other methods of preparation of plasma mem- 
branes. 

In the two methods which we describe, lysis of CHO 
cells was carried out using nitrogen cavitation [31]. This 
technique has the advantage of disrupting plasma 
membranes with very good yield (about 90%) while 
preserving intracellular organelles. This point is of 
particular importance with regards to the lysosomes 
which are liable to liberate phospholipases and pro- 
teases which then might " ,  a~,:r the lipid and protein 
components of the plasma membrane and other cellu- 
lar organeiles. In any case, EGTA and PMSF were 
added to the lysis buffer in order to prevent the activity 
of such enzymes, if present, daring the various steps of 
membrane fractionation. 

As a first approach, fractionation of plasma mem- 
brane and organelles from CHO cells was carried out 

using ultracentrifugation on a self-generating Percoll 
gradient. Such a technique was successfully applied for 
the preparation of the plasma membranes from various 
cells [11-16]. In the case c~f CHO cells, the plasma 
membrane fractions ~ecovered in fraction 3 of the 
Percoll gradient were well separated from reticulum 
endoplasmic (fraction 9) and mitochondria (fraction 
10) but lysosomes were also found to sediment in the 
plasma membrane fraction. Attempts to improve the 
separation by modifying the density of either plasma 
membranes or lysosomes were unsuccessful. 

It has also been described that varying the pH of the 
Percoll gradient reduced the contamination of the 
plasma membranes by intracellular organelles, mostly 
endoplasmic reticulum [12-14]. In our case, decreasing 
the pH from 7.4 down to 5.4 had no effect on the 
separation of lysosomes and plasma membranes on the 
Percoll gradient. In contrast, decreasing the pH of the 
lysis buffer and subsequently of the first centrifugation 
step (1500 × g, 10 min) down to 5.4 enabled 80% of the 
lysosomes to be pelleted. Note that in these conditions, 
the yield of plasma membrane was also slightly de- 
creased since only 60% were recovered. When using 
this acidic pH of 5.4 for the cell lysis and prefractiona- 
tion steps and then a neutral pH for the centrifugation 
step on the Percoll gradient, plasma membrane frac- 
tions enriched 3-fold were collected, practically free of 
lysosomes. Pure endoplasmic reticulum and mito- 
chondria fractions were also recovered. 

In the course of the preparation of this article, it has 
been reported that ~eparation of plasma membranes 
and lysosomes from CHO cells could be achieved using 
Percoll gradient of low density [46]. Nevertheless, no 
mention was made of the purity and yield of these 
plasma membrane fracti~a, nor of the fractionation of 
mitochondria and endoplasmic reticulum [46]. 

It is clear that the various membrane fractions so 
obtained can be conveniently used for many biological 
tests such as the measurement of enzyme activities. On 
the other hand, the difficulties encountered in the step 
of elimination of Percoll from the plasma membrane 
fractions would prevent them from being used for 
further investigation of the dynamics and topological 
distribution of lipids in the plasma membrane of cells. 
in particular, the Percoll contaminant which was found 
to systematically affect the lipids extracted from these 
plasma membrane fractions would prevent the identifi- 
cation and counting of the various lipid dimers which 
are formed when using the photodimerization method 
for studying the lateral distribution of lipids in mem- 
branes [10]. F~rthermore, it was also observed that this 
centamination prevented the phospholipids from form- 
ing well organized multilayers on microscope slides for 
further FRAP experiments [30]. 

To circumvent these drawbacks, we tested an inter- 
esting procedure which has already been successfully 



applied to the preparation of the plasma membranes 
from Dictyostelium discoideum [17], plant cells [48] or 
apical and basolateral domains of plasma membranes 
from HELA [49,50], MDCK [51] and vascular endothe- 
lial [52] cells. !t is based on the increase of the plasma 
membrane density by fixation on the cell surface of 
cationic silica particles stabilized by polyacrylic acid. 
After disruption of the cells, plasma membranes are 
easily recovered by differential centrifugations. One 
major advantage of this technique is its simplicity attd 
rapidity. By differential centrifugations, plasma mem- 
brane fractions enriched 7-fold and practically free of 
intracellular organelles were obtained with a final re- 
covery yield of 70%, within less than 1 h. It is difficult 
to evaluate the purity of these membrane fractions 
precisely simply using the enrichment ratios shown in 
Table If. Nevertheless, it has already been reported, on 
the grounds of electron microscopy, that CHO cells are 
poorly endocytotic and relatively poor in intracellular 
organeiles, in particular in mitochondria [9]. If one 
assumes that the plasma membrane in CHO cells con- 
stitute 15-20% of the total cell membranes, and taking 
a mean relative plasma membrane to organelles en- 
richment ratio of 30 (see Table II), the purity of the 
plasma membrane fractions so obtained can be roughly 
estimated at around 85-90%. 

In addition to time saving and better enrichment 
ratio, a great advantage of the second method was that 
the silica-polyanion pellicle was easily and totally elimi- 
nated, by ultrasonication and centrifugation, from the 
recovered plasma membrane fractions, thus enabling 
lipids to be extracted free of any contamination. 

With respect to the lipid composition, a relative 
decrease in the phospholipid content and a relative 
increase in the cholesterol content of the plasma mem- 
brane, as compared to the cell homogenate, were ob- 
served. This yielded a cholesterol to phospholipid ratio 
of 0.55 for the plasma membrane, which is quite usual 
for this cell organite [53] and which provides further 
support to the above conclusion of a high purity for 
these plasma membrane preparations. With respect to 
the phospholipids, the plasma membrane of CHO cells 
comprised mainly phosphatidylcholine, phosphatidyl- 
ethanolamine, sphingomyelin and phosphatidylserine. 
Phosphatidylinositol and iysophosphatidylcholine, 
which were identified in the total cell lipid extract, 
were practically absent from the plasma membrane. 
Such a phospholipid composition is very similar to that 
reported for the plasma membrane of other mam- 
malian cells [53]. 

Finally, cell homogenate and plasma membrane lipid 
extracts exhibited rather similar fatty acid composition, 
with the exception of iinoleic acid which was less 
abundant in the plasma membrane than in the total 
cell lipid extract. Phosphatidylcholine and phospha- 
tidylethanolamine displayed a rather simple fatty acid 
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composition with only palmitic, palmitolcic, stearic and 
oleic acids. If significant differences were found in the 
relative distribution of these four fatty acids between 
the two lipids, the saturated to unsaturated fatty acid 
ratios were very similar, to a value of around 2.1. As 
mentioned in Results, and from the comparison of the 
fatty acid composition of phosphatidylcholine, phos- 
phatidylethanolamine and of the total lipid extract 
from the plasma membrane, it was estimated that 
sphingomyelin was mainly acylated by oleic acid (78%) 
with only 12% saturated fatty acids. Such large differ- 
ences in the saturated to unsaturated fatty acid ratios 
between the two major lipids phosphatidylcholine and 
phosphatidylethanolamine on the one hand, and sphin- 
gomyelin on the other hand, might possibly be related 
to our previous observation of the existence of lipid 
microdomains in the plasma membrane of CHO cells 
[9]. 

It should be stressed that the yield of plasma mem- 
brane with the silica coating method was always 70 ± 
10%. Chaney and Jacobson have reported similar re- 
sults (70-90%) [17]. We have checked whether this 
non-coated plasma membrane fraction of about 30% 
might originate from plasma membrane regions, be- 
tween microvilli, which might be inaccessible to silica. 
Apparently, this was not the case since the coating of 
smooth CHO cells, after swelling in water, gave similar 
plasma membrane yield. We are still unaware of the 
origin or" these non-coated plasma membrane fractions 
and the possibility that they correspond to peculiar cell 
surface regions is not to be ruled out a priori. Care 
should be taken when interpreting topological data 
obtained with plasma membrane fractions purified by 
this method. 

Finally, it is worth emphasizing that the stabilization 
of plasma membrane by silica-polyanion generates 
membrane fragments in the form of open sheets [17] 
which are coated and therefore protected only on the 
external face, thus allowing an asymmetric action of 
any chemical or biochemical reagent. Chancy and coll. 
have used this property to study the transverse distri- 
butions of proteins in plasma membrane of various 
cellular systems [17,48,50,5i]. Similarly, the use of 
phospholipases or of non-penetrating chemical reagents 
on these protected plasma membrane fragments would 
enable the transverse distribution of phospholipids to 
be determined in the plasma membrane of CHO cells. 
This study is currently under i~.ucstigation in our l~bo- 
ratory. 
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