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SUMMARY 

Surface membranes were prepared from chorioallantoic cells and cultured chick 
fibroblasts by different methods. Mechanical disruption of cells followed by centrifu- 
gation through an aqueous two phase system and a sucrose gradient yielded a fraction 
composed mostly of surface membranes (enzymatic markers, cholesterol/protein 
ratio, phospholipid/protein ratio, electron microscopy). Results obtained by this 
method were fairly reproducible. Use of the method ofTremblay (sarkosyl-Mg crystals) 
yielded a mixture of cellular membranes, with great variations between experiments. 

INTRODUCTION 

Numerous methods for the isolation of surface membranes from eukaryote 
cells have been described ~'2'3. Isolation procedures are based principally on the 
characteristic density properties of surface membranes, emphasized after binding of 
divalent cations, and on the characteristic chemical composition of these membranes. 
Efficiency ofisolation, interms of yield and purity of the final product depend on the 
original material and on the isolation procedure used. The isolation procedure may 
affect the properties of the isolated membranes 4' 5. Moreover, procedures and chemicals 
used during isolation may affect enzymatic and chemical assays used to characterize 
the products of different steps of purification 4'6. 

In order to compare properties of surface membranes derived from chorioal- 
lantoic cells and chick fibroblasts we had to adjust existing methods so as to obtain a 
reasonable yield of purified membranes and to perform a series of characterization 
assays. The results will be described in this report. 

MATERIALS 

Cells 
Chorioallantantoids were taken from ll-day-old embryonated lymphomatose 

free eggs and either used immediately or incubated up to 48 h at 37 °C in Eagles me- 
dium supplemented with 10% tryptose phosphate broth and 10% calf serum 7 with 
permanent stirring. Chick fibroblasts were cultured on Falcon plastic bottles in Eagles 
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medium supplemented with 10% tryptose phosphate broth and lo:/, calf serum. 
Secondary cultures were used for experiments. When cells were to be labelled with 
[5-3H]uridine, tryptose phosphate broth was omitted from the medium. 

Chemicals 
Tris, glucose 6-phosphate, cytochrome c, NADH, and adenosine monophos- 

phate were purchased from Sigma; EDTA and histidine from Fluka; ammonium 
molybdate, H,SO,, chloroform and cholesterol from Carlo Erba; serum albumin 
from Armour Pharmaceutical Company; polyethyleneglycol6000 from BLB; dextran 
T 500 from Pharmacia; sarkosyl N 30 from Ciba, Geigy; 0.1 pm VCWP filters from 
Millipore; [5-3H]uridine from C.E.A., Saclay. All other chemicals were Merck 
purest grade. 

Equipments 
Absorbance was measured with a Zeiss spectrophotometer PMQ II and radioactivity 
with a Beckman scintillation counter. For ultracentrifugations, an ultracentrifuge 
Spinco (Models L 50 or L 4 and rotors SW 39 or SW 65) was used. Electron micro- 
graphs were made with a Philips EM 300 electron microscope. 

METHODS 

An aqueous two-phase system (polyethyleneglycol-dextran) was prepared 
according to Brunette and Till*. Continuous gradients with an overlay of sarkosyl-Mg 
crystals were prepared according to Tremblay et aL9. Discontinuous sucrose gra- 
dients were prepared by layering sucrose solutions (65, 55, 45, 35 and 25% sucrose in 
imidazole-HCl buffer, lop3 M, pH 7.2, w/w) over the particulate suspension in 85% 
sucrose in imidazole -HCl buffer”. 

Phospholipids were extracted with a chloroform-methanol mixture”. Pi was 
extracted from phospholipids according to Bartlett”. 

Proteins were determined by the method of Lowry et all3 or by absorbance 
measurementi4, cholesterol by the method of Glick et aLI and Pi by the method of 
Chen et a1.16. 

5’-Nucleotidase was assayed using the method of Bosmann and Pike”. The 
reaction was modified to permit the determination of small quantities of 5’-nucleoti- 
dase: 0.1 ml cell suspension was incubated with 0.1 ml 4 mM AMP and 0.2 ml 1M 
Tris, 6. 10e2 M MgCl,, pH 7.5. The reaction was stopped with 0.1 ml 40% trichloro- 
acetic acid, the precipitate spun down and the supernatant used for the determination 
of P. 

Glucose-6-phosphatase was assayed according to Swoon”. This method was 
also adapted to permit the detection of small amounts of the enzyme: 0.1 ml of SUS- 

pension was incubated with 0.25 ml glucose 6-phosphate 8. 10T2 M, pH 6.5,0.05 ml 
EDTA 10e2 M, pH 6.5, and 0.1 ml histidine-HCl buffer 10-l M, pH 6.5. The reac- 
tion was stopped with 0.1 ml 40% trichloroacetic acid. 

NADH-cytochrome c reductase was determined as described by Levy et al.19. 
For electron microscopy, an aliquot of the suspension was filtered through a 

Millipore filter VCWP, pore diameter 0.1 ,um 20. The filter was fixed for 1 h in 6% 
glutaraldehyde, washedinphosphate buffer 10-l M, pH 7.4, fixed in 4% OsO,, washed 
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in the same buffer, dehydrated and embedded in Epon. Thin sections were stained 
with 1% uranyl acetate and lead citrate and stabilized with carbon. 

RESULTS 

Isolation of surface membranes 
2-5 chorioallantoids (2. 108-5 • 108 cells )21 were washed repeatedly in 1.4.10 -~ 

M NaCI, cut finely with bistouries, washed once in imidazole-HC1 buffer, 10 -3 M, 
pH 7.2 and sedimented for 5 min at 300 ×g.  The pellet was suspended in imidazole- 
HC1, kept for at least 45 min at 0 °C and homogenized with a Thomas homogenizer. 
This and subsequent steps were monitored by phase contrast microscopy. When 95% 
of the cells were disrupted (35-70 strokes were necessary), the suspension was filtered 
through four layers of gauze. The resulting suspension was called homogenate. 

Monolayers of chick fibroblasts (about 5.108 cells) were washed with 1.4.10 -1 
M NaC1, the cells removed from the plastic with a rubber tipped glass rod, washed 
once with imidazole-HC1 and sedimented for 5 min at 300 × g. The pellet was resus- 
pended in imidazole-HC1, kept for at least 45 min at 0 °C and homogenized with a 
Thomas homogenizer (about 25 strokes were necessary to disrupt 95% of the cells). 
The resulting suspension was called homogenate. 

Subsequent steps were the same for both tissues and are illustrated in Scheme I. 

Homogenate, prepared as described in Results 

Step 4 

Step 5 

Step 6 

Step 1 ~i entrifugation 5 rain 900 × g ! 
ellet washed in 1 . 1 0 - 3  M imidazole-HCI,  5 min 900 × g I 
upernatant = postnuclear fraction 

S t e p  2 
i Centrifugation 10 min 3500 x g 

Supernatant = postmitochondrial  fraction 

+ 0.5 t~M ZnCI~ per mg protein 
Step 3 ~Centr  fugat on 5 m n 900 x g  

Pellet = crude r a e r a b r a n e s \  ~ Preparation by ~rkosyl  

Preparation by aqueous two-phase systcra ' :" method 
followed by isopycnie gradient 

+5  m14 .10  -3  M EDTA 1.10 -3  M imidazole-HCI 
+ 5 ml " top  phase" Step 4* Centrifugat on 20 rain 32 600 ×g  1 
+ 5 ml "bo t tom phase" 
Centrifugation 10 rain 11 700 ×g  

lnterpbase = "phase membranes" Pellet resuspended in 1 .10 -~ M KCI, 

Step 5 * 1 .10 -7 M MgCI 2 , 1 • 10 -2 M Tris, pH 7.2 
] ,ayered . . . . . .  kosylgrad~o... 

+ 5 ml 5 • 1 0 - 3  M EDTA 1 • 10 -3 M imidazole--tlCI centrifugation 30 rain 32 600 x g 
Centrifugation 20 rain 32 600 x g 

Crystals removed from gradient, 
Pellet + 85% sucrose, overlay of  Step 6* resuspended in 10 vol. KCI--MgCI~ Tris, 
discontinuous sucrose gradient centrifugation 20 rain 32 600 × g 
Centrifugation 18 h 89 000 x g  

Pellet = sarkosyl membranes, 1 
Material floating on ~ 1.O% of resuspended for assays in 1 • 10-3 M imidazole-  HCI 
gradient = "floating membranes" 
washed for assays in 1 .10 -3  M iraidazoie--HCl 
resuspended in 1 • I 0 - a  M imidaz~le--HCl 
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The homogenate was centrifuged at low speed to sediment nuclei and unbroken 
cells. The supernatant was centrifuged at 3500 ×g to remove mitochondria and cellu- 
lar debris. The protein content of the supernatant was determined by absorbance 14 
and ZnC12 was added to precipitate membranes. The resulting crude membranes 
were treated with EDTA to remove Zn 2 ÷ and purified either by centrifugation through 
an aqueous two phase system s followed by an isopycnic gradient, or centrifuged 
through a sarkosyl Mg gradient 9. The isopycnic gradient yielded, besides floating 
membranes, two bands of material at the 35-45% sucrose boundary and at the 45- 
55% sucrose boundary. The sarkosyl gradient showed, besides sarkosyl crystals, a 
band at the top of the gradient and a pellet. None of these components could be 
identified as membranes. 

Several other methods were tried 1°, but not further investigated either because 
the yield was very low ~° or because the method of preparation interfered with charac- 
terization assays 4'6. 

In order to homogenize fractions for assays, Triton X-100 at a concentration 
of 0.17% was added. This detergent does not interfere with the activity of the enzymes 
assayed. Before assays, preparations were stored at 0 °C for at most 18 h. 

Characterization of  membranes 
(a) Sarkosyl. Sarkosyl has been used to isolate membrane bound DNA and 

RNA 9'22'z3. The method was originally developed for bacterial cells 9 and later used 
for eukaryote cells. Characteristics of the membranes thus isolated were not determin- 
ed22,23. Recently, reports of the isolation with sarkosyl of nexuses and gap junctions 
from mammalian cells have been published 24'25. 

Table 1 summarizes some characteristics of membranes of chick fibroblasts 
and chorioallantoic cells prepared by this method and sedimenting with sarkosyl 
crystals. Wide variations of both yield and purity occurred between experiments, 
whether chorioallantoic cells or chick fibroblasts were used. Protein yield was relatively 
high, but there was no orlittle enrichment in cholesterol. More 5'-nucleotidase activity 
(membrane marker 17) was found in the membrane fraction than in the homogenate. 
However, in some preparation sglucose-6-phosphatase activity (endoplasmic reticulum 
marker is) was as much or more concentrated as was 5'-nucleotidase activity. (Sarko- 
syl, up to a concentration of 0.2% does not interfere with these enzyme activities.) 
When cells were labeled for 4 h with [5-3H]uridine and the radioactivity/mg protein 
of  both homogenate and membrane fraction were compared, an increase of the speci- 
fic radioactivity of the membrane fraction was observed (by a factor of 2.2 for chorio- 
allantoic cells and a factor of 1.1 for chick fibroblasts). 

Figs Ib and lc show an electron micrograph of material sedimenting with 
sarkosyl crystals. Besides membrane fragments, partially broken mitochondria (mi) 
and agglomerates, presumably altered ribosomes and denatured proteins, can be 
observed. 

Both the electron micrographs and the results of assays show that these prepara- 
tions contain many components other than surface membranes. Moreover, the varia- 
tions between experiments and the relatively low yield of cholesterol indicate that this 
methodis unsuitable for the preparation of pure surface membranes from chorioal- 
lantoic cells and chick fibroblasts. 

(b) Two-phase system. A rapid method of preparation of surface membranes 
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from L cells by centrifugation through an aqueous two-phase system has been des- 
cribed 8. Cell homogenate is precipitated with ZnC12, the precipitate is resuspended 
in an aqueous two-phase system (polyethyleneglycol-dextran) and centrifuged for 
10 min at 10700 xg.  The material sedimenting at the interphase represents a crude 
membrane fraction. When chorioallantoic cells and chick fibroblasts were used in- 
stead of L cells and a postmitochondrial  fraction instead of cell homogenate, the 
material sedimenting at the interphase yielded a relatively high amount of  both protein 
and cholesterol. Concentration of cholesterol, 5'-nucleotidase activity and glucose- 
6-phosphatase activity were higher in these fractions than in homogenate (Table II). 
Specific radioactivity of RNA decreased ( by a factor of  0.88 in chorioallantoic cells 
and by a factor of 0.84 in chick fibroblasts). 

Electron micrographs (Fig. la) show that material  sedimenting at the inter- 
phase contains beside membrane fragments, many agglomerates, presumably denatu- 
red proteins, but no identifiable organelles. 

These results show that surface membranes can be isolated from chorioallantoic 
cells and chick fibroblasts by this method, but that further purification is needed to 
obtain preparations reasonably free of  endoplasmic reticulum and other contami- 
nants. 

(c) Purification in an isopycnic gradient. When the material sedimenting at the 
interphase of the aqueous two phase system was resuspended in 85% sucrose and 
spun in an isopycnic gradient prepared as described in Methods 1° the topmost  10% 
of the gradient contained membrane fragments and few other components. Electron 
micrographs (Figs ld and le for chorioallantoic cells and Figs I f  and lg for chick 
fibroblasts) show a material composed of more or less vesicuious membrane frag- 
ments. Some foamy material, which may be discrete cytoplasmic material,  is often 
found adsorbed on the vesicles. The structure of these membranes is clearly visible 
on Figs le and lg. Characteristics of  the material obtained in the top 10°/0 of an iso- 
pycnic gradient are summarized in Table III.  

When chorioallantoic cells were used, different experiments yielded compara- 
tive results. When fibroblasts were used, variations between experiments were some- 
what greater. Compared to the homogenate, the preparations were enriched in choles- 
terol, phospholipids and 5'-nucleotidase activity, whereas the activities of glucose- 
6-phosphatase and N A D H  cytochrome c reductase (this enzyme is found mostly in 
mitochondria but does occur also in endoplasmic reticulum) 19,2° decreased. Specific 
radioactivity of RNA decreased also (by a factor of  0.5 for chorioallantoic cells and 
by a factor of  0.13 for chick fibroblasts). 

Fig. 1. (a) Two-phase system. The Millipore surface is at the left of the figure. The important 
deposit of material contains many membrane fragments and granular agglomerates which can be 
identified as more or less denatured proteins and ribosomes (x 12000). (b) Sarkosyl method: 
same representation of the material collected on the Millipore filter as in (a) ( x 12000). (c) Sarkosyl 
method: a magnification of another zone shows that the granular aggregates are less abundant 
than in two-phase system prepared membranes. Some altered mitochondria (mi) can be recognized 
with their residual cristae and their characteristic double membrane. Many circular membraneous 
profiles are present (---~) x25000. (d) Chorioallantoic cell plasma membranes obtained by the 
isopycnic gradient technique (x 50000). (e) The trilamellar structure of the membrane is indicated 
by an arrow ( x 65000). (f) Same preparation as in (d) and (e), but from chick fibroblasts ( x 50000). 
(g) The fine structure of the membrane is clearly visible (x 130000). 
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DISCUSSION 

Chorioallantoic cells comprise both fibroblasts and epithelial cells and consti- 
tute a cohesive tissue resistant to mild methods of homogenization. Cultured chick 
embryo celts contain more than 90% fibroblasts. However, the physiological state of  
cells may differ in one culture as well as in different cultures, mainly as a function of 
cell density. These cells are broken more easily. 

The properties of  proteins, in particular enzyme activities, are maintained when 
cells are homogenized by mechanical means and a reduction of osmotic pressure. 
Isolation and purification of surface membranes by mild procedures such as centrifu- 
gation through an aqueous two-phase system 7 or a sucrose gradient t° permits the 
conservation of these properties up to the final product. ZnC12 inhibits some enzyme 
activities, for instance 5'-nucleotidase activity. As this cation was used for the concen- 
tration of suspensions and in the two-phase system, it was necessary to remove it by 
EDTA before enzyme assays. At the low concentrations used, EDTA does not inter- 
fere with membrane configuration. 

Membrane preparations obtained by a combination of the methods of Brunette 
and Till s and Perdue and Snyder ~° could be compared in many respects both with 
each other, with the homogenate and with the products of intermediate steps of  
purification. The morphology of the membrane fractions thus purified did not differ 
whether chorioallantoic cells or chick fibroblasts were used: differences of biochemical 
characteristics between different preparations are in the range of those described in 
the literature 8'21. 

Membranes isolated by centrifugation through a two phase system comprise 
many more components other than surface membranes,  in particular endoplasmic 
reticulum and unidentifiable material. 

When membranes were prepared with sarkosyl 9, values varied widely between 
experiments, presumably because the ratio of membrane fragments of  different 
origin and size to sarkosyl-Mg crystals varied. Results indicated that the preparations 
contained a mixture of  cellular membranes. Therefore, this method seems unsuitable 
for the preparation of pure surface membranes,  It  might, however, be used for the 
rapid preparation of a mixture of  cellular membranes from different types of cells. 
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