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Separation and Partial Purification of Plasma-Membrane

Fragments from Ehrlich Ascites Carcinoma Microsomes

Abstract. Membrane vesicles arising from the surface of Ehrlich ascites carci-
noma cells were separated from the bulk of other microsomal components in
Ficoll density gradients. Initial separation depends on the differential action of
magnesium ion on various microsomal components. Immunologic and enzymic
markers were used to monitor separation and purification steps.

The membrane components of Ehrlich
ascites carcinoma microsomes are made
up primarily of broken endoplasmic
reticulum, and also of the fragmented
plasma membrane of these cells (I-4).
We have previously examined the dis-
tribution of mixtures of microsomal
membranes in density gradients of Fi-
coll, a sucrose polymer of low osmotic
activity, and demonstrated that the com-
ponent membranes exist as fluid-filled
vesicles whose volumes are determined
by electrostatic mechanisms and by os-
motic effects (4). We followed the
plasma-membrane fragments by means
of a specific immunologic tag and by
use of an enzyme marker, and showed
vesicles derived from the surface mem-
brane of these cells to be relatively in-
sensitive to changes in ionic environ-
ment, in contrast with vesicles arising
from the cell interior, which shrink
with decreasing pH and with increasing
ionic strength. We now report a purifi-
cation of plasma-membrane vesicles
which relies on their stability in the
presence of divalent cations, which
shrink and aggregate most other mem-
brane structures. In that it relies on
specific markers and depends on differ-
ences between the electrostatic proper-
ties of various membrane types, this
approach differs from other membrane
separation methods (5).

Purification of Ficoll, preparation and
sampling of density gradients, density
measurements, centrifugations, and de-
terminations of protein and of rates of
adenosine triphosphate hydrolysis have
been described (3, 4). Oxidation of re-
duced diphosphopyridine nucleotide
(DPNH-diaphorase activity) was. mea-
sured in a medium containing 10—4M
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DPNH, 6.6 X 10—*M potassium ferri-
cyanide, 0.01M tris-hydroxymethyl ami-
nomethane (Tris) (pH 7.4), and 4 to
20 pg of membrane protein in a volume
of 1.1 ml. Oxidation of DPNH was
followed by the change of absorbance
at 340 my. The extinction coefficient
used was 6.22 X 103 liter mole—1
cm~—1,

Distribution of cell-surface antigens
(2, 4) was estimated by the ability of
various fractions to absorb antibody
capable of agglutinating intact tumor
cells. Antiserum was prepared by im-
munization of a horse with whole mi-
crosomal membranes. The +-globulin
(antibody fraction) was prepared from
the antiserum as described (4).

Absorptions were performed as fol-
lows: about 100 g of protein from
each fraction was incubated with 480 pg
of the y-globulin for 15 minutes at
37°C in a mixture of 0.5 ml of 0.15M
NaCl, 0.01M Tris (pH 7.4), and 0.2
percent gelatin. The volume was in-
creased to 2 ml with the same medium,
and the mixture was centrifuged at 40,-
000 rev/min for 15 minutes. The super-
natants were tested for agglutinating

antibody, with serial twofold dilutions
(6). A 2-plus reaction, defined as the
formation of clumps about 0.2 mm in
diameter, was chosen as end point. The
unabsorbed y-globulin was used as ref-
erence in each assay. With our y-globu-
lin preparation and 2 X 10° cells per
milliliter of assay mixture, a 2-plus re-
action was obtained with 3.8 pug of
y-globulin per milliliter. Results of anti-
body absorptions are expressed as
changes in the concentration of y-globu-
lin required to produce agglutination.
When absorption reduced the aggluti-
nating titer by more than four doubling
dilutions, the absorption was repeated
with less protein. In those fractions giv-
ing no detectable absorption in the
initial test, absorptions were repeated at
higher concentrations of protein.

To isolate plasma membranes, tumor
cells were separated as before (7) and
then ruptured in a mixture of 0.25M
sucrose, 0.005M Tris (pH 7.4), and
0.0002M MgSO, by intracellular cavita-
tion of nitrogen (8). The homogenate
was then made to 0.001M with re-
spect to EDTA, and nuclei, mitochon-
dria, and lysosomes were sedimented by
centrifugation for 15 minutes at 12,500
rev/min and 4°C (rotor 9RA, Lourdes
Betafuge). Microsomes were sediment-
ed by centrifugation for 45 minutes at
40,000 rev/min and 4°C (rotor No. 40,
Spinco L-2 preparative ultracentrifuge).
The microsomal pellet was resuspended
to a concentration of 1.0 to 1.5 mg of
protein per milliliter in 0.01M Tris (pH
8.6) and resedimented by centrifuging at
40,000 rev/min for 45 minutes. The
washing was repeated with 0.001M Tris,
pH 8.6. The initial washing removes
trapped soluble proteins; intravesicular
soluble proteins are released in the sec-
ond washing step because of the tran-
sient leakiness of the vesicle membranes
caused by osmotic stress at very low
ionic strength (9). The microsomes were
then homogenized in 0.001M Tris

Table' 1. Dist}'ibution of microsomal protein and of various membrane markers after centri-
fugatlon_ of Ficoll-Mg barrier at 25,000 rev/min for 15 hours at 4°C in SW-25 rotor; 51.5 mg
of protein per tube; percentages are of total recovery.

‘ di;)pl;gg; o Nat*-, K*ATPase*  Surface antigen
Location Protein
(%) mmole o  Pi (umole- % Aly-glob- o
mg-*min—t mg-! hr-) ° ulin) mg-* °
At barrier 20.2 0.068 3.7 7.95 67.1 1.14 88.3
In barrier 11.5 213 6.3 2.80 134 0.12 4.5
Pellet 62.9 553 90.0 0.74 194 .03 1.3

* Adenosine triphosphatase; Pji, inorganic phosphorus.
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Fig. 1. a, Initial separation: top zone,
containing the plasma-membrane frag-
ments, consists of two closely spaced
bands (SW-39 rotor, 39,000 rev/min, 5
hours, 4°C; 9.7 mg protein per tube). b,
Separation of the top zone into its major
components (SW-39 rotor, 35,000 rev/
min, 16 hours, 4°C; 2.3 mg protein per
tube).

(pH 8.6) containing 0.001M MgSO, to
give a suspension of protein at 3 to 7
mg/ml, which was dialyzed against 200
volumes of the same medium for 2
hours at 4°C. After dialysis, the suspen-
sion (1.5 ml for rotor SW-39 and
10 ml for rotor SW-25) was layered on
two volumes of Ficoll (density, 1.096
at 4°C) containing 0.001M Tris and
0.001M MgSO, and centrifuged at

39,000 rev/min for 5 hours (rotor SW-
39) or at 25,000 rev/min for 15 hours
(rotor SW-25). .

During centrifugation the membrane
material separates into two major frac-
tions (Fig. la, a zone at the top of
the barrier, devoid of aggregates and
consisting of two closely associated
bands, and a heavily clumped pellet.
There is a small amount of material in
the barrier itself. The top zone and the
barrier were withdrawn separately, and
the pellet was homogenized on 0.001M
Tris (pH 8.6) and 0.01M EDTA. The
various fractions were then dialyzed
first against this medium and then
against 0.001M Tris, pH 8.6; this step
reduces aggregation of the pellet ma-
terial. Samples were taken for the
various analyses, and the remainder was
stored at —28°C.

The procedure was initially tested
with an SW-39 rotor containing three
identical Ficoll barrier tubes. In these
experiments 17 to 21 percent of the
applied microsomal protein was recov-
ered at the top of the barrier. This
top zone also contained 85 to 91 per-
cent of the total surface antigen and 71
to 72 percent of the Na+- and K +-acti-
vated adenosine triphosphatase. The
SW-25 rotor gave similar results (Table
1).

The surface membrane fragments in
Ehrlich ascites carcinoma microsomes
can be readily separated in high yield
from the bulk of the microsomal com-
ponents. With the surface antigen as

P ‘ DPNH OXIDATION Na*- K*- ATPase
4* ( mMoles / min=ml) (uMoles P; /h ~ml )
[ 8
0° 0.04 098 120 160 2 4 ; :
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Fig. 2. Distribution of protein, DPNH-diaphorase, Na*- and K--activated adenosine
triphosphatase (ATPase), and surface antigen after equilibration of top-zone material
in Ficoll density gradient (SW-39 rotor, 35,000 rev/min, 16 hours, 4°C; 2.3 mg

protein per tube); o———o0, protein; @——

K*-activated adenosine triphosphatase;
phosphorous; p, density.
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-—--0, DPNH oxidation; @
O——=——=0,

®, Na*-,

surface antigen; P;, inorganic

criterion, the initial yield in the top
zone approaches 90 percent. Those sur-
face membrane vesicles which do go in-
to the pellet are trapped nonspecifically
and appear at the top of the Ficoll-mag-
nesium barrier when the pellet material
is recycled through a procedure identi-
cal with the original separation step.

Only about two-thirds of the Na+-
and K+-activated adenosine triphospha-
tase is recovered in the top zone; a
consistent proportion (20 to 26 per-
cent) persists in the pellet even after
recycling. Two explanations for the
presence of this enzyme-component
must be considered: (i) The enzyme
system, although concentrated in the
plasma membrane, is also present in
some intracellular membrane structures,
possibly precursors of plasma mem-
brane; and (ii) the enzyme represents
fragments of plasma membrane which
closed “inside-out” during cell rupture,
so that surface antigens are not accessi-
ble to antibody in our absorption pro-
cedure.

The distribution of DPNH-diaphorase
suggests that this is an intracellular en-
zyme system, and we tentatively assume
that its presence in the top zone repre-
sents contamination by membranes aris-
ing from the cell interior. If all particles
bearing DPNH-diaphorases have the
same specific activity, 12.5 to 32 per-
cent of the protein in the top zone must
be suspected of arising from the cell
interior.

The above separation depends on the
following phenomena: at pH 8.6, di-
valent cations cause shrinkage of most
of the vesicles arising from the endo-
plasmic reticulum and related structures,
but not of vesicles arising from the
cell surface. In Ficoll gradients a vol-
ume decrease leads to an increase in
density (4). The action of divalent ca-
tions is presumed to involve reduction
of the surface potential of susceptible
structures; that this is the case has been
shown by the reduction in the electro-
phoretic mobility of microsomal mem-
branes in the presence of Mg+ + (10).
Decreased surface potential promotes
aggregation, and this in turn speeds
sedimentation of the aggregated parti-
cles in the initial zone. Clumping oc-
curs when the small aggregates are de-
celerated, and thus concentrated, at the
Ficoll barrier; the newly formed large
clumps move rapidly into the pellet.
The separation process is further ac-
celerated by coaggregation between ri-
bosomes and vesicles arising from the
cell interior (7). The sensitivity of
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these membranes to divalent cations is
quite striking: whereas they do not co-
agulate grossly when concentrated iso-
pycnically in gradients of NaBr (salt
concentration > 1M), they form large
clumps under conditions which are
identical except for the presence of
0.001M MgSO, (II). The -contrasting
stability of the plasma-membrane frag-
ments demonstrates an important dif-
ference between the electrical proper-
ties of membranes arising from the
external surface of Ehrlich ascites car-
cinoma cells and those arising from
the cell interior.

The plasma-membrane material in the
top zone can be further purified by
centrifugation in Ficoll density gradi-
ents. To do this, the material of the
top zone was adjusted to appropriate
density and mixed directly into Ficoll
gradients containing 0.001M Tris, pH
8.6. The gradients were centrifuged in
an SW-39 rotor at 35,000 rev/min for
16 hours at 4°C (Figs. 15 and 2). There
are two principal components: a small
one with a density of 1.024 at 4°C
and a large one with a density of 1.050.
The region between these two bands,
not homogenous, consists of a series
of closely spaced layers which extend
into the peak at 1.050 density. The
low-density component, which scatters
light strongly, is rich in DPNH-diaphor-
ase, but lacks surface antigen and
Na+- and K+-activated adenosine tri-
phosphatase.

The distribution of surface antigen
and Na+- and K+-activated adenosine
triphosphatase shows in three experi-
ments that the plasma-membrane vesi-
cles are located in the larger band with
modal density at 4°C of 1.050 = 0.001,
a density considerably- less than that
found from distributions obtained with
whole microsomal membranes (4). This
suggests that the previous values were
spuriously high because of nonspecific
interactions between vesicles of different
origins. The DPNH-diaphorase in the
plasma-membrane zone may be due to
(i) continued contamination with mem-
branes arising only from the cell in-
terior; (ii) presence of vesicles composed
of “mixed” membranes, that is, arising
from sites where the cell surface and
endoplasmic reticulum were continuous
at the moment of cell rupture; or (iii)
engulfing of fragments of endoplasmic
reticulum within large plasma-mem-
brane vesicles at the time of cell rupture.

The striking layer formation through-
out the plasma-membrane zone must be
taken to indicate discontinuity in the
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volume or matrix density of plasma
membrane-vesicles or both. Volume dis-
continuity appears more likely, since
vesicle volume is a major determinant
of density in Ficoll gradients (4) and
since layers are not observed in gradi-
ents of sodium bromide.
VIRENDRA B. KAMAT
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Passive Transfer of the Action of Freund’s Adjuvant by
Serum of Rabbits Injected with the Adjuvant

Abstract. Serum collected at intervals from rabbits treated with Freund’'s com-
plete adjuvant was injected together with fluid diphtheria toxoid into recipient rab-
bits. Control rabbits received toxoid alone or toxoid mixed with serum of un-
treated donors. There was no antibody response in the controls or in recipients
of serum obtained from donors 3 days after adjuvant treatment. Recipients of
serum obtained from donors 1 to 9 weeks after adjuvant treatment responded
with antibody formation. The magnitude of the response of recipients was cor=
related with the increase in y-globulin concentration in the serums of the cor-
responding donor rabbits. Passive transfer of adjuvant action indicates that a
serum factor, possibly natural antibody, is partially responsible for the immunity-

enhancing activity of Freund’'s adjuvant.

The theory of antibody formation
proposed by Jerne (/) maintains that
natural antibody, formed in the absence
of antigenic stimulation, is required for
antibody response. The natural antibody
functions as the immunologic recogni-
tion system. This view is supported by
the work of Segre and co-workers (2)
on the enhancement by specific anti-
body of the antibody response in pigs
deprived of colostrum. Terres and Wol-
ins (3) also reported that specific anti-
body enhanced the antibody response in
mice. One of the consequences of the
theory would be that if the concentra-
tion of natural antibody is increased,
within limits, the magnitude of the anti-
body response should increase, since
more of the injected antigen would com-
bine with antibody and form complexes
capable of stimulating the antibody-
producing cells. The secondary re-
sponse may be explained in this manner
, 4).

Since the antibody response to the
administration of an antigen mixed with
an adjuvant assumes some of the char-
acteristics of a secondary response, the

hypothesis may be formulated that ad-
juvants increase the concentration of
natural antibody. Such action may be
expected if the adjuvant caused either
or both of the following: (i) leakage of
natural antibody from lymphoid cells
into the circulation, through destruc-
tion of the cells or alteration of their
permeability; (ii) rapid proliferation of
lymphoid cells which produce natural
antibody.

Certain findings appear to agree with
this hypothesis. Humphrey (5) reported
that in rabbits injected with Freund’s
complete adjuvant alone there was an
increase in the concentration of cir-
culating v-globulin, in that about 10 mg
of y-globulin per milliliter of serum
could not be accounted for by anti-
bodies directed against Mycobacterium
and a number of other antigens. Paraf
and Moraillon (6) injected rabbits re-
peatedly with Freund’s complete adju-
vant. When such rabbits were given hu-
man serum albumin within 10 days af-
ter the last injection of adjuvant, their
antibody response was greater than that
of rabbits not receiving prior treatment
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