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Rapid, high-yield purification of cell surface membrane using colloidal magnetite
coated with polyvinylamine: Sedimentation versus magnetic isolation
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A new technique for the magnetic isolation of external plasma membrane from Dictyostelium discoideum is
described and compared to a previously published procedure employing sedimentation of silica-coated plasma
membrane. The magnetic isolation technique involves coating intact cells with a polyvinylamine-magnetite
colloid and overcoating with polyacrylate to form a dense pellicle. The magnetite pellicle totally coated the
cells and was not internalized. Coated cells were lysed and membrane fragments retrieved from the cell
homogenate using a diverging field electromagnet. The membrane obtained in such a manner was analyzed
for marker enzyme activity and cell surface label. The plasma membrane was obtained in high yield (42%)
with an average purification of 8-fold. The polyvinylamine-magnetite pellicle shielded the external plasma
membrane face to proteolysis by papain and pronase. It also acted as a barrier to a-methylmannoside in

concanavalin A-carbohydrate competition studies.

Introduction

The plasma membrane as the mediator of inter-
actions between the cell and its environment plays
a critical role in such processes as differential
adhesion, cellular movement, and endocytosis and
exocytosis. Study of these phenomena requires iso-
lation of relatively pure plasma membrane in a
form amenable to experimental manipulation.
Choice of the purification procedure used for iso-
lating plasma membrane depends to a large extent

* Supplementary information to this article is deposited with,
and can be obtained from, Elsevier Science Publishers BV
(Biomedical Division), BBA Data Deposition, P.O. Box
1345, 1000 BH Amsterdam, The Netherlands. Reference
should be made to BBA,/DD/309,/72576,/816 (1985) 83.
The supplementary information consists of a technical draw-
ing of the diverging field electromagnet.

Abbreviations: Mes, 4-morpholineethanesulfonic acid; Tris, 2-

amino-2-hydroxymethylpropane-1,3-diol.

on the nature of the investigation for which it is
intended.

Classical methods for purifying plasma mem-
brane rely on cell homogenization followed by
differential and density gradient centrifugation or
partitioning into immiscible aqueous solutions of
polymers [1-9]. Preparations of this type, while
often being relatively pure, are time-consuming
and result in low yield of plasma membrane [1].
The centrifugation techniques have been improved
by the modification of homogenization conditions
to yield membrane fragments of various sizes [2]
or orientation [3]. Separation of subcellular
organelles has been facilitated by perturbing their
densities [4,5] and by utilizing a variety of density
gradient materials [6]. Most of the techniques did
not provide control of the sidedness of membrane
preparations and many resulted in the selection of
nonrepresentative plasma membrane subdomains
[7]. The ability to selectively probe the internal
surface of the membrane was difficult, since it
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required the isolation of inside-out vesicles.

Other procedures were developed to isolate the
plasma membrane so that it was maintained as
open sheets with the outside surface shielded and
the inside exposed for direct probing [10-13]. The
procedures were based upon the ionic interaction
of cells which were negatively charged with large
positively charged beads. The cells were shorn
away leaving behind sheets of plasma membrane.
The procedure required an excess of cells to
saturate the beads and the yields of plasma mem-
brane were low. To overcome this difficulty,
another technique based upon the ionic interaction
of an inert support with the plasma membrane was
developed {14). Cells were coated with positively
charged colloidal silica and overcoated with an
anionic polymer. Several coats could be applied
and the cells were ruptured. The density of the
coated membrane was so great that it could be
rapidly sedimented in a centrifuge tube. The yield
of plasma membrane was high and the membrane
was held as an open sheet with the outside surface
shielded and the inside exposed for direct probing.
Here we describe the synthesis of positively charged
colloidal magnetite which is used as the inert
pellicle, aliowing the plasma membrane to be
isolated by an applied magnetic field. The use of
colloidal magnetite as a very general nonspecific
probe that interacts with the whole cell surface is
substantially different from other magnetite-based
probes with lectins or immunoglobulin covalently
linked to them to produce highly specific interac-
tions with particular membrane receptors for cell
separation and scanning electron microscopy tag-
ging {15-22].

Materials and Methods

Materials. Dictyostelium discoideum strain AX-3
was generously donated by Dr. Richard Kessin of
Harvard University. Media and supplies for cul-
turing D. discoideum were purchased from Difco
Laboratories, Detroit, MI and Becton Dickinson
and Co., Cockeysville, MD. Polyacrylic acid (M,
90000) was obtained from Aldrich Chemical Co.
and polyvinylamine (M, 20000) from Polyscien-
ces. Carrier-free Na'?’I was purchased from New
England Nuclear. All other chemicals including
concanavalin A, the proteases, and the substrates

for the marker enzymes were purchased from
Sigma Chemical Co., St. Louis, MO.

Growth and harvesting of cells. Cellular slime
mold, D. discoideum, axenic strain AX3 was grown
on rotary shakers as previously described {23]. The
cells were grown to late log phase of growth ((6-8)
-10% cells/ml) and were harvested by centrifuga-
tion for 2 min at 350 X g. Cells were washed in
ice-cold 120 mM sorbitol buffered to pH 6.5 with
20 mM Mes. Pelleted cells were always redispersed
by gentle manual agitation to avoid cell rupture.
The integrity of the plasma membrane must be
maintained during the application of the mag-
netite pellicle in order to ensure minimal con-
tamination from other organelles.

Magnetite synthesis and sizing. Colloidal mag-
netite was generated by chemical coprecipitation
from basic solution. 6 g anhydrous FeCl, and 16.2
g anhydrous FeCl, were added to 1.5 1 of distilled
water at 95°C. While stirring this solution, 150 ml
of 10% NaOH was added. The resulting precipi-
tate was pelleted at 150 X g for 10 min. The super-
natant was discarded and the pellet was resus-
pended in 500 ml distilled water. The pelleting
procedure was repeated three more times and the
final pellet was resuspended in 500 ml distilled
water adjusted to pH 2.0 with HCL. This resulted
in dispersion of the colloid. The colloidal solution
was filtered three times through glass wool, diluted
to 1.5 I, and heated to 100°C. Polyvinylamine was
added to a final concentration of 1 mg/ml. The
solution was probe-sonicated for 10 min at 50
watts to insure colloidal dispersion. This poly-
vinylamine-magnetite stock solution has a shelf
life of approx. 6 months. Solutions kept for longer
periods of time lose their magnetic properties due
to the slow oxidation of magnetite to hematite in
aqueous media.

The magnetite was sized by evaporating the
continuous phase to dryness and examining the
particles by transmission electron microscopy. Size
was determined by comparing the particle images
directly to a calibrated diffraction grating (2160
lines/mm). An alternative sizing procedure was
used as well, since the sample preparation tech-
nique for microscopy could lead to aggregation of
the magnetite. The second sizing procedure was
performed in solution by Quasi-Elastic Laser Light
Scattering using a neon laser (A =632.5 nm) at



room temperature and with incident beam 90°
with respect to the detector [24].

Pellicle formation. The following procedure was
used to generate a colloidal polyvinylamine-mag-
netite-polyacrylate pellicle on the cell surface.
Sorbitol at 140 mM and buffered to pH 6.5 with
20 mM Mes was used as a wash buffer throughout
the procedure. To avoid magnetite sedimentation
with the cells the flocculation concentration of 12
mM for monovalent salts like NaCl was not ex-
ceeded in the wash buffer. Since colloid floccula-
tion depends on ion valence, divalent and trivalent
salts will cause precipitation at much lower con-
centrations. 5 ml of 2 mg/ml magnetite was di-
luted to 12 ml with wash buffer in a 50 ml
polycarbonate centrifuge tube. About 2 ml of
freshly washed, packed cells (approx. 3 - 10° cells)
were suspended in enough wash buffer to give a
50% cell suspension. While gently mixing the col-
loidal polyvinylamine-magnetite on a Vortex Genie
(Fischer Scientific, Medford, MA) adjusted to the
lowest setting, the cell suspension was added drop-
wise into the colloidal polyvinylamine-magnetite.
The cell-colloid suspension was then diluted to 45
ml with wash buffer and centrifuged for 2 min at
150 X g. Unbound colloid was discarded in the
supernatant and the pelleted cells resuspended in 5
ml of wash buffer. The cells were then gently
vortexed as described above and 5 ml of 2 mg,/ml
polyacrylate (M, 90000) in wash buffer titrated to
pH 6.5 with NaOH was added dropwise. The
suspension was again diluted to 45 ml and pelleted
as above to remove the cells from excess poly-
acrylate. Generally, the process described above
was repeated once more to make a denser pellicle
consisting of two coatings of polyvinylamine-mag-
netite and two coatings of polyacrylate.

Pellicle-coated cells were washed twice in wash
buffer, resuspended to 20 ml in a lysis buffer of 10
mM Tris (pH 8.0) and placed in a Parr nitrogen
pressure bomb (Parr Instrument Co., Moline, IL)
which was packed with ice. The bomb was charged
to 800 psi with nitrogen and allowed to equilibrate
for 5 min. Nitrogen-cavitation of the samples was
induced by slowly releasing the cell suspension
from the Parr bomb. The extent of cell lysis was
verified by viewing the lysate under a phase-con-
trast microscope.

Plasma membrane recovery from the cell homo-
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genate. A diverging field electromagnet * was de-
signed for the extraction of magnetite-coated
plasma membrane from lysed cells. The electro-
magnet consists of 5000 turns of No. 34 copper
wire (R =8582). The body of the magnet was
made of hardened steel. One pole of the magnet
was designed to accomodate a 50 ml poly-
carbonate centrifuge tube that has been modified
with a release valve at the bottom for removal of
cell homogenate not attracted to the magnet. The
diameter of this pole piece is 2 cm. The magnet is
connected to a power source such as an electro-
phoresis power supply and operated at 250 mA
constant current. Homogenate from the Parr bomb
was placed in the diverging magnetic field for 1-2
min. Material not attracted to the magnet was
eluted through the bottom of the centrifuge tube
and the tube was filled with lysis buffer without
removing the centrifuge tube from the pole piece
of the magnet. The tube was agitated which re-
leased the material attached to the magnet. This
insured that contaminants trapped within the mag-
netite-coated membranes were released into the
wash buffer. The coated membranes reattach to
the magnet and after 30 s the lysis buffer was
eluted from the bottom of the tube. This washing
step may be repeated a number of times to insure
removal of cytoplasmic contaminants. The magnet
was then turned off and the polyvinylamine-mag-
netite-coated membranes were washed into the
centrifuge tube with a stream of lysis buffer. The
plasma membrane preparation may be con-
centrated by pelleting for 10 min at 800 X g.

Chemical and enzyme assays. Magnetite and
polyvinylamine interfere with protein determina-
tion, but by adding sodium dodecyl sulfate to the
fractions to make them 2.5% w /v in detergent and
heating the samples for 10 min at 70°C the mag-
netite could be pelleted in a microfuge, leaving the
protein in the supernatant. Protein concentration
was determined on the supernatant by the method
of Lowry et al. [25].

Milder extraction procedures were necessary for
the enzyme assays. A variety of detergents at
different concentrations were investigated for these
assays. Maximal activity of the enzymes used here
was obtained when samples were made 0.2% in

* Databank footnote on p. 83.
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SDS and heated at 37°C for 20-30 min. 90% of
the protein could be extracted from the colloid
under these conditions. Plasma membrane pre-
parations were characterized enzymatically by de-
termining the amount of alkaline phosphatase ac-
tivity [26] and 5’-nucleotidase activity [27]. Con-
tamination by subcellular organelles was assayed
by previously published procedures. Lysosomes by
B-N-acetylglucosaminidase [28], endoplasmic re-
ticulum by glucose-6-phosphatase [29], mitochon-
dria by succinate dehydrogenase [30], and soluble
cytosol by lactate dehydrogenase [31)]. Iron con-
centration was determined colorimetrically after
converting the iron oxide to FeCl; using con-
centrated HCI [32]. Protein was found not to inter-
fere with the iron determination at concentrations
normally encountered in the membrane prepara-
tions (0.5 mg/ml).

Radioiodination of concanavalin A and plasma
membrane. Concanavalin A was isotopically
labeled by reaction with carrier-free Na'%I as pre-
viously described [33). D. discoideum cell surfaces
were trace-labeled with the iodinated lectin by
incubation of a 2.5% cell suspension for 10 min on
ice in a buffer of 50 mM potassium phosphate, 40
mM KCl, 10 mM MgCl, (pH 6.5) containing 2
pg/ml 'l-concanavalin A. Radioactivity was
counted in a Packard Model PGD Prias Auto-
matic Gamma Counter.

Polyvinylamine binding to magnetite. 1 ml of 2
mg,/ml magnetite was incubated at 70°C for 30
min with increasing concentrations of poly-
vinylamine. The resulting polyvinylamine-mag-
netite colloid was pelleted by centrifuging at
13000 X g for 15 min. The pelleted colloid was
resuspended in distilled water and repelleted. Both
supernatants were analyzed for free polyvinyla-
mine and compared to standards made in the
absence of magnetite. The procedure of Lowry et
al. [25] for analysis of proteins was used to
quantitate the polyvinylamine.

Scanning electron microscopy. Magnetite-coated
cells and uncoated cells were washed in 100 mM
potassium phosphate buffer (pH 6.5). Cells were
then resuspended in freshly made 1% glutaralde-
hyde, 1% OsO, in H,O [34]. Samples were allowed
to fix for 30-40 min at 4°C with gentle swirling
every 10 min. Cells were then washed again in
phosphate buffer and resuspended in 2% OsO, for

an additional hour at 4°C. Samples were applied
to gelatin-coated coverslips and allowed to in-
cubate in ice for 30-60 min. The samples were
then washed in cold distilled water and dehydrated
in a graded ethanol series. Use of acetone at this
step seemed to cause solubilization of the poly-
vinylamine and disruption of the magnetite pel-
licle. Samples were dried in a Polaron Critical
Point Drier using carbon dioxide as the transition
fluid. Samples were gold-coated to a thickness of
250 A in a Polaron Specimen Coater and ex-
amined using a Jeol Scanning Electron Micro-
scope.

Results

Colloid sizing

Transmission electron microscopy indicated that
the modal diameter of the magnetite particles was
7+ 5 nm. The aggregates of magnetite averaged
86 +£ 30 nm in diameter. Laser light scattering
measurements indicated that the aggregates were
not an artifact of sample preparation. Estimates of
the diameter of the aggregates in solution from
this technique were approx. 140 nm. The dis-
crepancy in size estimates between the two
techniques may be due to the polyvinylamine which
is not electron dense and would not contribute to
the estimate of diameter in the electron micro-
scope.

Optimization of polyvinylamine concentration added
to magnetite

It was determined that approx. 0.2 mg of poly-
vinylamine binds per mg of iron to saturate the
magnetite colloid surface. The relative specific ac-
tivity and yield of magnetically extracted plasma
membrane was monitored as a function of poly-
vinylamine concentration using *’I-concanavalin
A as a cell surface marker. Table 1 shows the
dramatic effect addition of polyvinylamine has on
yield of plasma membrane. A modest improve-
ment in the relative specific activity of the mem-
brane preparation is also noted at 100% saturation
of the magnetite surface with polyvinylamine. The
same trend in relative specific activity was observed
using alkaline phosphatase as the membrane
marker (data not shown).

Preliminary analysis by Maossbauer spec-



TABLE 1

YIELD AND RELATIVE SPECIFIC ACTIVITY OF MAG-
NETICALLY EXTRACTED PLASMA MEMBRANE AS A
FUNCTION OF COLLOIDAL MAGNETITE SATURA-
TION WITH POLYVINYLAMINE

Polyvinylamine saturation of the magnetite colloid was de-
termined as described in Materials and Methods. Magnetically
fractionated cell homogenates were analyzed for enrichment
and yield of the external cell surface marker concanavalin A.

% Saturation of Yield Relative
magnetite with (%) specific
polyvinylamine activity

0 11.3+£2.0 39404
50 20.6+3.8 39+04
100 488+3.1 70411
175 325431 45405

troscopy on samples of magnetite and magnetite
with polyvinylamine added seems to show spectral
line broadening upon addition of surfactant which
is consistent with chemical adsorption to the mag-
netite [33].

Verification of magnetite pellicle formation

The formation of the magnetite pellicle was
observed using scanning electron microscopy to
insure that the whole cell surface was covered by
magnetite. As shown in Fig. 1, cells were found to
be completely coated with the magnetite colloid.
To verify that the coating observed was not simply
polyvinylamine, whole cell response to an applied
magnetic field was measured. Unlysed poly-
vinylamine-magnetite-coated cells were suspended
in wash buffer and placed in the magnetic field.
Aliquots of solution were removed at various
time-points and assayed for protein and iron. As
shown in Fig. 2, both iron concentration and
protein concentration decreased in the solution as
the magnetite-coated cells were drawn to the pole
of the magnet. The comigration would not have
occurred had the cells not been coated with poly-
vinylamine-magnetite.

Protection of the external face of the cell surface by
polyvinylamine-magnetite

Shielding of the external surface of the plasma
membrane by the polyvinylamine-magnetite to
such probes as proteases is essential if the isolation
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scheme is to be used in transbilayer mapping of
plasma membrane proteins as previously done with
silica-coated membranes [14]. Accessibility was
determined as follows: the external surface of the
cells was labeled with ['**Iconcanavalin A and
either treated with protease or a ligand to compete
off the concanavalin A before and after coating
with polyvinylamine-magnetite. The amount of %1
released from uncoated cells compared with the
coated is a measure of the protection or shielding
of the external side of the plasma membrane.

Table II shows the percentage shielding of the
magnetite-coated cell surface relative to uncoated
cells. Also included in the table are values ob-
tained using the silica technique [14]. The mag-
netite pellicle afforded significant shielding to the
external plasma membrane surface. Application of
one or three coats of magnetite to the plasma
membrane did not significantly change the amount
of surface protection observed.

The possibility that the shielding phenomenon
was an artifact caused by release of '**I-con-
canavalin A from the cell surface followed by
nonspecific binding to the magnetite pellicle was
also examined. Cells which had been externally
labelled with '**I-concanavalin A were either mixed
with an equal concentration of unlabelled cells or
with an equal concentration of cells coated with
two layers of magnetite. If the protection phenom-
enon were due to the release of the lectin from the
cell surface followed by nonspecifc binding of the
lectin to the magnetite, it would be expected that
lectin-bound cells incubated with magnetite-coated
cells might also show an artifactual protection
phenomenon. As Fig. 3 indicates, no artifactual
protection phenomenon due to nonspecific bind-
ing of the concanavalin A to the magnetite pellicle
could be detected.

Plasma membrane characterization

Enrichment of plasma membrane in the mag-
netically extracted fraction of the cell homogenate
was monitored using marker enzymes and radio-
iodinated concanavalin A. Although there is some
controversy as to whether or not 5-nucleotidase
and alkaline phosphatase represent separate en-
zymes in D. discoideum [26,36-38], both activities
are thought to be localized primarily in the plasma
membrane [39,40]. Iodinated concanavalin A was
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Fig. 1. Binding of polyvinylamine-magnetite to the cell surface of D. discoideum. Cells were coated with two layers of polyvinylamine-
magnetite. Scanning electron microscopy revealed that a thick pellicle of polyvinylamine-magnetite was deposited on the surface of
the cells as shown at low and high magnification (A, B). For comparison, uncoated cells are also shown at low and high magnification

(C, D). Scale bars represent 1 pm.

used as a specific marker for external plasma
membrane as described in Materials and Methods.
Enrichment of magnetite was also monitored since
it should increase to approximately the same ex-
tent as the »I-concanavalin A external label in
the membrane fraction.
B-N-Acetylglucosaminidase was used as a
marker enzyme for lysosomes, while glucose-

6-phosphatase served as a marker for the endo-
plasmic reticulum. Succinate dehydrogenase and
lactate dehydrogenase were used as markers of the
mitochondria and cytoplasm, respectively. Both of
these activities were found to be below the sensi-
tivity of our assays due to the presence of mag-
netite in the samples. Attempts to remove the
magnetite prior to activity determination with de-



Comigration of Fe;0, and Cells in a Magnetic Field
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Fig. 2. Time-course of polyvinylamine-magnetite-coated cell
attraction to the diverging field electromagnet. Details of this
experiment are presented in the text. The comigration of mag-
netite and protein in the magnetic field demonstrates that the
pellicle observed in the scanning electron microscopy is com-
posed of magnetite and not simply polyvinylamine. It should
also be noted that the magnet is able to extract the coated cells
in less than 2 min.

tergents failed due to inactivation of the enzymes.
By comparing the activity of the homogenate to
the smallest amount of activity that could be de-

TABLE 11

SHIELDING OF 2’I-CONCANAVALIN A ON THE CELL
SURFACE BY POLYVINYLAMINE-MAGNETITE OR CA-
TIONIC SILICA TO PROTEOLYSIS OR RELEASE BY
a-METHYLMANNOSIDE

Cells were labeled with 1% I-concanavalin A and either coated
twice with polyvinylamine-magnetite according to the proce-
dures in Materials and Methods or with cationic silica [14].
Coated and uncoated cells were treated with either pronase,
papain or a-methylmannoside and after the cells were removed,
the amount of I remaining bound to the cells was de-
termined. Percent shielding was the amount released from
coated cells compared with uncoated.

Treatment Percent shielding
silica magnetite
coated coated
a-Methylmannoside
competition 43 53
Pronase
digestion 61 54
Papain
digestion 79 45
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Fig. 3. Analysis of the shielding data for possible artifactual
contributions from nonspecific binding of [1?*I)concanavalin A
to the magnetite pellicle. Details of the experiment are pre-
sented in the text. Even after 4 h, no nonspecific binding of the
lectin to the magnetite pellicle could be detected. CONA,
concanavalin A.

tected in the membrane fraction in the presence of
magnetite, the maximum relative specific activity
for lactate dehydrogenase and succinate dehydro-
genase was estimated to be less than 0.75.

Table III summarizes the results obtained using
the various markers. '>I-Concanavalin A and en-
zyme marker yields were determined for the cell
homogenate, the plasma membrane fraction and
the discarded supernatant. The combined yield of
the plasma membrane and discarded supernatant
always represented 95-110% of the total activity in
the cell homogenate, indicating minimal enzyme
deactivation during the purification procedure.
Enrichment of plasma membrane markers and de-
purification of markers for other organelles is ex-
pressed in Table III in terms of relative specific
activity; the specific activity of the plasma mem-
brane fraction divided by the specific activity of
the cell homogenate. The table also compares the
magnetite to the silica technique routinely used in
our laboratory [14]. The membranes isolated by
the silica technique were pelleted at 800 X g for 5
min in a clinical centrifuge. It should be noted that
previous reports indicated that gradient centrifu-
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TABLE III

COMPOSITIONAL ANALYSIS OF MAGNETICALLY EXTRACTED PLASMA MEMBRANE

The specificity of the markers with respect to subcellular organelles is indicated. Protein yield for magnetically extracted membranes
was 5.0%. The numbers in parentheses correspond to relative specific activities obtained in parallel experiments using the silica

technique to isolate the plasma membrane [14].

Marker Source yield relative
%) specific
activity
('**1]Concanavalin A external plasma
membrane 42 7.8 (6.0)
Magnetite external plasma
membrane 78 10
Alkaline phosphatase plasma membrane 15 33 24
5’-Nucleotidase plasma membrane 15 28 (1.8)
B-N-Acetylglucosaminidase lysosome 1.2 0.04 (0.40)
Glucose-6-phosphatase endoplasmic
reticulum 44 0.30 (0.22)
Succinate dehydrogenase * mitochondria -
Lactate dehydrogenase * cytoplasm -

* The limit of detection by the enzyme was low and the upper limit of relative specific activity was 0.75.

gation of the silica-coated membranes gave de-
grees of purification almost 2-fold greater than
centrifugation in a clinical centrifuge [14].

Discussion

The colloidal polyvinylamine-magnetite and
colloidal silica plasma membrane isolation tech-
niques illustrate a general principle of density per-
turbation for subcellular fractionation. The poly-
vinylamine-magnetite technique also permits the
plasma membrane to respond to magnetic fields.
This is of particular value when the plasma mem-
brane fraction is to be extensively washed to re-
move subcellular contaminants. Typically, the
membrane fraction obtained with the polyvinyla-
mine-magnetite may be washed 20 times in 20
min. To wash the silica pellet to the same extent
requires more than 2 h. Magnetic isolation of
plasma membrane also significantly reduces lyso-
somal contamination when compared to the
centrifugal process employed in the silica tech-
nique. If the polyvinylamine-magnetite-treated cell
homogenate is pelleted using a clinical centrifuge,
lysosomal contamination was found to be ap-
proximately the same as for the silica procedure. It
should be stressed at this point that in our hands
both techniques routinely generate plasma mem-

brane of approximately the same quality in terms
of yield and plasma membrane marker purifica-
tion.

Addition of saturating amounts of polyvinyla-
mine to the colloidal magnetite is critical to extrac-
tion of plasma membrane of high yield and purity.
The polyvinylamine probably serves two im-
portant roles in this membrane purification proce-
dure. It acts as a dispersing agent in the colloidal
magnetite solution and in an analogous manner as
certain detergents added to colloid preparations it
provides a molecular film around the magnetite
particles. This serves as an elastic cushion prevent-
ing particle agglomeration. The polyvinylamine
also confers upon the particles a strong net posi-
tive charge essential for binding the
negatively-charged cells. Magnetite at room tem-
perature has an isoelectric point of about 6.7, at
which point it precipitates out of solution. Apply-
ing polyvinylamine allowed purification of mem-
brane using magnetite while maintaining physio-
logical buffer conditions, i.e., pH 7.0. It is believed
that addition of polyvinylamine in amounts greater
than necessary for magnetite saturation is only
slightly detrimental to membrane purification.
Since polyvinylamine reacts to the protein assay of
Lowry et al. [25] and since it is concentrated in the
membrane pellet, relative specific activities ob-



tained at greater than saturating concentrations of
the polymer tend to be underestimates of the
purity of the preparation.

Another important aspect of density perturba-
tion with a noninternalized inorganic support is
that only externally oriented plasma membrane is
isolated. Internalized plasma membrane is not
isolated as a component of the dense pellicle. This
is readily apparent when one compares the purifi-
cation of '*I-concanavalin A with either alkaline
phosphatase or 5'-nucleotidase. By comparing ac-
tivities of 5’-nucleotidase and alkaline phosphatase
in whole cells with those treated with Triton X-100
and subjected to rigorous lysis in the Parr bomb, it
was determined that only 50% of the enzyme activ-
ity was associated with the external plasma mem-
brane. This is consistent with other published val-
ues for these marker enzyems [40]. Since '**I-con-
canavalin A is a marker of external plasma mem-
brane it is recovered at much higher specific activ-
ity and yield. Magnetite enrichment exceeds that
of concanavalin A due to the copurification of
noncolloidal magnetite agglomerates in the plasma
membrane preparation. These agglomerates do not
appear to be cell-associated when viewed by
phase-contrast microscopy. Thus, concanavalin A
provides the best estimate of plasma membrane
purification by polyvinylamine-magnetite.

The polyvinylamine-magnetite plasma mem-
brane isolation technique should serve as a useful
adjunct to other existing techniques. It is especially
suitable for membrane topological studies. Since
the inert pellicle formed on the outer surface of the
plasma membrane is less permeable to labeling
reagents and blocks access to the extracellular
membrane surface, membranes isolated by the
technique may be selectively labelled from both
sides of the membrane for transbilayer mapping
studies (e.g., Ref. 14). The technique may also
have application in the study of internalized mem-
branes such as endosomes and lysosomes as these
organelles should be easily separable from the
plasma membrane. Classical centrifugal techniques
cannot separate pinocytic vesicles from plasma
membrane due to their similar densities [41].

The polyvinylamine-magnetite technique for
plasma membrane isolation is rapid and gives
plasma membrane in high yield. Like the silica
technique, plasma membrane may be obtained in

91

approx. 2 h. The external plasma membrane is
readily identified as the fraction attracted to a
diverging electromagnet. Centrifugal techniques
employed in the past result in more than three
plasma membrane fractions [37,44,45]. Das and
Henderson [45] found their two most dense plasma
membrane fractions to have identical polypeptide
composition although the components were pre-
sent in different stoichiometries. The third fraction
lacked approx. 8% of the polypeptides identified in
the other fractions by two-dimensional gel electro-
phoretic analysis. It is thus likely that plasma
membrane isolated by centrifugal techniques rep-
resents a mixture of internal plasma membrane,
external plasma membrane, cytoskeletal compo-
nents, and some intracellular organelles resulting
in multiple membrane fractions of differing com-
position and marker specific activity. The centrifu-
gation techniques also tend to be long and ardu-
ous, often requiring 20 or more hours for comple-
tion.
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