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A surface membrane fraction of high purity and good yield has been prepared from homogenates of rabbit
peritoneal polymorphonuclear leucocytes, using a preliminary sorbitol density gradient sedimentation fol-
lowed by preparative high voltage electrophoresis in a thin flowing buffer film. Enrichment values for the
plasma membrane marker enzyme 5'-nucleotidase and '?5I-labelled Lens culinaris lectin, after the latter had
been applied at the whole cell level, were 18-fold and 6-fold, respectively. Contamination of the surface
membrane fraction by other organelles was negligible and approximately 1 mg of surface membrane protein
can be obtained from 2:10° leucocytes. A triacylglycerol-rich, protein-poor fraction that lacks any definable
structure in electron microscopy separates discretely from the surface membrane vesicles during electro-
phoresis. It is considered that this may be a contaminant not previously recognized as present in membrane
fractions prepared by more conventional procedures.

Introduction

The response of polymorphonuclear leucocytes
to chemotactic and phagocytic stimuli are mem-
brane-mediated events involving not only integral
surface membrane constituents but also, through
transmembrane linkages, the various cytoskeletal
elements which lie subadjacent to the membrane’s
cytoplasmic face [1]. In order to study, in these
cells, some of the changes in the surface membrane
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structural and regulatory features during phago-
cytosis and other motile phenomena, a highly
purified plasma membrane fraction is a prere-
quisite. Conventional techniques for the separation
of leucocyte membranes from homogenates in-
volve differential centrifugation and/or density
gradient centrifugation using a variety of gradient
media [2-4]. However, these techniques generally
result in heterogeneous vesicle preparations con-
taining surface membrane derived features con-
taminated to various degrees with intracellular
membranes, the removal of which can often be
achieved only by further gradient sedimentation
under rate sedimentation or isopycnic conditions
[5]. Recently, a three-step differential centrifuga-
tion procedure has been reported for the isolation
of plasma membrane from human neutrophils



which had been homogenized by nitrogen cavita-
tion [2]. This method gives initially a mixed mem-
brane fraction containing plasma membrane and
endoplasmic reticulum. Further resolution of these
membrane elements is achieved by a continuous
density gradient procedure using Dextran, yielding
a surface membrane fraction which is up to 10-fold
enriched in surface-specific markers relative to ho-
mogenate.

Differences in electrophoretic mobility of the
various components of a mixed membrane frac-
tion, due to differences in membrane vesicle charge
characteristics, offers a possible way in which
surface membranes of cells can be prepared free of
other contaminating elements [6,7]. During the last
few years, the development of free-flow electro-
phoresis as a preparative technique [8—10] has
meant that a variety of cells and subcellular
organelles can now be separated on the basis of
their unit charge densities [11,12].

We present here a free-flow electrophoresis
method that we have been using routinely to pre-
pare a highly purified leucocyte surface membrane
fraction in good yields from a mixed population of
membrane vesicles harvested from a sorbitol gradi-
ent of separated homogenate.

Materials

Carrier-free Na'?’I and [2-?HJadenosine 5'-
monophosphate, ammonium salt, were obtained
from Amersham International, UK. 4-Methyl-
umbelliferyl phosphate and 4-methylumbelliferyl-
2-acetamide-2-deoxy-B-p-glucopyranoside were
purchased from Koch-Light Laboratories, Coln-
brook, U.K. Chloramine T was obtained from
Hopkin & Williams Ltd., Chadwell Heath, U.K.
Lens culinaris lectin, oyster glycogen, oxidized cy-
tochrome ¢, sorbitol, leupeptin and pepstatin were
obtained from Sigma Chemical Co. Ltd., Poole,
UK.

Methods

Preparation of polymorphonuclear leucocyte cell
suspension. Peritoneal polymorphonuclear leuco-
cytes were elicited in rabbits (3.5-5.0 kg) by in-
traperitoneal injection of 500 ml of sterile 0.1%
(w/v) glycogen in 0.154 M saline and the cells
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were harvested after 8-16 h by washing out the
peritoneal cavity with sterile saline [13]. The cells
were washed twice with ice-cold 20 mM phos-
phate-buffered saline (pH 7.3; 300 mosmol), and
resuspended in the same buffer to a final con-
centration of 1.2-10% cells/ml. In some experi-
ments, the whole cells were surface-labelled with
125]-labelled lectin prepared by the iodination of
L. culinaris lectin with '2°T using the chloramine T
procedure [14]. Initially, the lectin was kindly pro-
vided by Dr. M. Crumpton of the Imperial Cancer
Research Fund Laboratories, Lincoln’s Inn Fields,
London, but later this was purchased from Sigma
Chemicals.

Cell disruption. The cells from the peritoneal
cavity were washed a further two times with ho-
mogenization buffer (0.2 M sorbitol/1 mM
EDTA /20 mM Tris-HCI (pH 7.4; 235 mosmol))
and finally resuspended in 4 ml of the same buffer
but now containing the following protease inhibi-
tors: 2 mM EGTA, 0.2 mM PMSF, 20 pg/ml
leupeptin and 2 pg/ml pepstatin. Homogenization
was performed by applying ten passes of a Potter-
Elvehjem tube with a motor-driven Teflon pestle
(Tri-R type, Camlab Ltd.). The homogenate was
centrifuged at 800 X g for 5 min at 4°C. A further
2 ml of the homogenization buffer, also containing
the same cocktail of protease inhibitors, was added
to the pellet and the homogenization was repeated
with another three passes of the pestle. After re-
peating the low-speed centrifugation, the super-
natants were pooled.

Analytical procedures. Protein was generally de-
termined by the method of Lowry et al. [15], but if
the samples contained sorbitol, the microtannin
turbidometric method of Mejbaum-Katzenel-
lenbogen and Dobryszycka [16] was used. Aliquots
for enzyme analyses were dialyzed overnight
against 0.154 M NaCl/20 mM Tris HC1 (pH 7.3).

5’-Nucleotidase was assayed (in the presence of
1 mM p-nitrophenyl phosphate) as a marker for
surface membrane [17]. The endoplasmic reticu-
lum-containing fraction was identified by a glu-
cose-6-phosphatase assay in the presence of NaF
and EDTA and an acid phosphatase [19] assay.
The latter enzyme is also localized in primary
granules. The enzyme n-acetyl-B-glucosaminidase
was assayed [20] as a marker for tertiary granules,
and the distribution of malate dehydrogenase,
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which is localized in the cytosol and mitochondria,
was also determined [21). Lactate dehydrogenase
was assayed [22] as a marker for the cytosol com-
partment of the cell.

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis was performed on 10% (w/v) re-
solving gels with 5.3% (w/v) stacking gels by the
method of Laemmli [23].

Organic-phase extracts [24] of membranous
material were examined by thin-layer chromatog-
raphy with a hexane/diethylether/acetic acid
(80:20: 1) solvent system on Merck Silica-Gel 60
plates and quantitated for cholesterol [25], phos-
pholipid [26] and triacylglycerols {27].

Periodic acid-Schiff staining of polyacrylamide
gels was performed by the method of Glossman
and Neville [28].

Deoxyribonucleic acid was determined by the
ethidium bromide binding assay of Blackburn et
al. [29). Specificity was achieved by pretreatment
with RNAase. Samples for transmission electron
microscopy were fixed in 2.5% glutaraldehyde in
0.1 M cacodylate buffer (pH 7.4) for 1 h at 37°C.
After pelleting by centrifugation, they were post-
fixed with osmium tetroxide, dehydrated through a
range of alcohols and embedded in Epon, and
ultrathin sections were stained with uranyl acetate
and examined by electron microscopy.

Isolation of surface membrane fraction. A sorbi-
tol gradient, linear over the density range 1.08-
1.23, was made using a gradient former with 8 ml]
of 13% (w/v) sorbitol and 8 ml of 55% (w/v)
sorbitol, each solution containing 1 mM EDTA
and buffered with 20 mM Tris-HCl to pH 74. We
have found that sucrose solutions, or contaminants
therein, compete for or displace L. culinaris from
binding sites on the polymorph surface. Of a num-
ber of alternative sugars tried, sorbitol appeared
not to release the !'*’I-labelled lectin from the
whole cells, and was therefore used instead of
sucrose in both the homogenization buffer and in
the density gradients.

The pooled supernatants from the homogeniza-
tion were applied in volumes of up to 4 ml to the
upper surface of sorbitol gradients which were
then centrifuged at 70000 X g for 50 min in an
M.S.E. 3 X 25 swing-out rotor. The linearity of the
gradient was determined by refractive index mea-
surements of fractions from an unloaded gradient,

centrifuged under the same conditions. The gradi-
ent fractions were designated: S;, the non-linear
portion of the gradient; S,, in the density range
1.08-1.13; S,, a turbid band in the density range
1.13-1.18; S,, a slightly opaque band in the range
1.18-1.23, and S, being the pellet which was resus-
pended in a small volume of homogenization
buffer. The S, fraction was diluted to 50 ml with
ice-cold homogenization buffer and the membrane
sedimented by centrifugation at 100000 X g for 90
min at 4°C to yield a pellet designated PS,.

Purification of surface membrane by free-flow
electrophoresis. The 100000 X g mixed-membrane
pellet (PS,) was resuspended in the electrophoresis
chamber buffer (0.275 M sorbitol/10 mM tri-
ethanolamine/acetic acid (pH 7.3; 300 mosmol))
to a protein concentration of 2-3 mg/ml. This
material was then applied to an Elphor VAP 5
free-flow electrophoresis apparatus (M.S.E./
Bender and Hobein) {6]. The voltage was main-
tained at a constant 1100 V which generally gave a
current of 70-110 mA at a chamber temperature
of 5.5-6.5°C. The sample was injected at a flow
rate of 1.5-2.0 ml/h and the chamber buffer flow
rate was 3.8 ml/h per fraction. The electrode
buffer was 100 mM triethanolamine /acetic acid
(pH 7.3). Fractions around the peaks were pooled
and the membranes were collected by centrifuga-
tion at 100000 X g for 90 min at 4°C.

Results

The procedure for cell disruption was optimized
by varying the number of passes made with the
tight-fitting pestle homogenizer. In each experi-
ment, a high-speed supernatant was prepared from
the homogenate by centrifuging at 150000 X g for
90 min, and this was assayed for lactate dehydro-
genase. Maximum release of lactate dehydrogenase
was achieved at 1015 passes of the pestle (Fig. 1)
and no further release occurred up to 25 passes.
Light microscopy of the pellets revealed that after
ten passes, few, it any, intact cells remained and
the isolated nuclei seemed well preserved. Electron
micrographs showed good preservation of granule
integrity. A low-speed centrifugation of homo-
genate after ten passes removed all the nuclei and
larger cell debris.

Centrifugation of homogenates on sorbitol
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Fig. 1. The homogenization procedure monitored by the release
of lactate dehydrogenase (LDH).

gradients produced a discrete turbid zone (S,)
within the density range 1.13-1.18. The nature of
this zone was investigated and shown to contain
surface elements by analysis of the distribution
and enrichment of the marker enzyme 5'-
nucleotidase and the surface lectin, '?3I-labelled L.
culinaris lectin, which had been applied at the
whole cell level. In addition to S, there were
generally two other bands in the gradients which
also contained '?°I-labelled lectin and 5'-
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nucleotidase (Table I): S; and S,. The S, pellet
fraction represents a small quantity of aggregated
cell debris. The S, fraction was always very low in
particulate content and, although it contained a
reasonably high quantity of surface membrane
markers, it was considered unsuitable for further
purification because in all experiments, it also
contained 2-3-times more contamination by non-
plasma membrane markers than did fraction S,
(Table I). Furthermore, when subjected to free-flow
electrophoresis, the resuspended 100000 X g pellet
from this S, fraction produced a single peak which,
following free flow, showed no enrichment in the
activities of 5'-nucleotidase, '2°I-labelled lectin or
acid phosphatase.

The S, mixed membrane fraction was routinely
taken from the gradient, sedimented and resus-
pended in chamber buffer (PS,). When run on the
free-flow electrophoresis apparatus, this PS, sam-
ple always resolved into two discrete bands (Fig.
2a); F, was the most, and F, the least, electronega-
tive of the two fractions. Analysis of these frac-
tions in over 20 preparations showed that profiles
for '#°I-labelled lectin and 5’-nucleotidase activity
exclusively localized with the most electronegative
peak F, (Figs. 2a and 2b).

Table II shows the enrichment of the specific
activities of 5’-nucleotidase and '**I-labelled lectin
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Fig. 2. (a) Free-flow electrophoresis profile showing 5'nucleotidase activity (— — —) and protein distribution ( ). The enzyme

activity is expressed as cpm for P, released from 32P-labelled AMP/mg protein per h. (b) Free-flow electrophoresis profile showing

125].1abelled Lens culinaris lectin (— — —) and protein distribution (

).
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in the pooled F, fractions expressed with respect
to the activities found for the homogenate, H,.
The free-flow electrophoresis procedure increased
the enrichment values achieved at the sorbitol
gradient stage by a factor of two or more. The
final enrichement of '2°I-labelled lectin in all the
F, fractions studied was, however, generally less
than that of the 5-nucleotidase activity. This is
attributed to redistribution artifacts due to diffi-
culties in the low-speed washing procedures for
removal of the unbound '?*I-labelled lectin before
cell disruption.

The polypeptide patterns of the 100000 X g pel-
let (PF,) obtained from pooled fractions taken
across the most electronegative peak (F, in Figs.
2a and 2b) and the gradient fraction S, from
which it was derived, are shown in Fig. 3. Notable
is the absence in PF, of a number of low-molecu-
lar-weight species (under 30000). Since these poly-
peptides were not present in the supernatant after

Fig. 3. SDS-polyacrylamide gel electrophoresis (10% gel) sep-
aration of polypeptides present in fractions taken at different
stages during the surface membrane preparation. A—E, sorbitol
density gradient fractions, Sy, S;, S,, S; and S,. F, free-flow
electrophoresis peak fraction F,; G, free-flow electrophoresis
peak fraction F,; H, whole cell homogenate.

ENRICHMENT AND RECOVERY VALUES FOR MARKER ENZYMES IN FRACTIONS TAKEN AT DIFFEENT STAGES

OF THE MEMBRANE PURIFICATION

Specific activities are expressed as in Table I and converted to relative specific acitivites (‘ Enrichment’) with respect to homogenate
values. % recovery with respect to initial homogenate (100%). S,, mixed membrane fraction from the sorbitol gradient; PS,, pellet
from the sorbitol gradient fraction; PF,, pellet from the most anodal fraction (F,) in the free-flow electrophoresis profile. n.d. = not
detected. Values are means for the number of determinations listed in column 2. PF, enrichment figures are means + S.D.

Enzyme, etc. Fraction

S, PS, PF,

% Enrich- % Enrich- % Enrichment

recovery ment recovery ment recovery
5’-Nucleotidase (EC 3.1.3.5) @4 23 3.5 25 8.0 23 18.0+0.8
1251.1abelled L. culinaris lectin @ 21 3.0 14 40 11 6.2+0.9
Malate dehydrogenase (EC 1.1.1.37) (2) ) 0.12 1 0.9 1 0.01
Acid phosphatase (EC 3.1.3.2) 2) 2 1.8 1 1.2 1 1.2
Alkaline phosphatase (EC 3.1.3.1) 2) 3 0.65 3 0.95 3 33
Glucose-6-phosphatase (EC 3.1.3.9) 2) 9 1.0 5 1.1 2 1.3
N-Acetylglucosaminidase (EC 3.2.1.30) (2) n.d. n.d. n.d. nd. 1 0.04
Lactate dehydrogenase (EC 1.1.1.28) (3) 1 0.01 1 0.01 1 0.01
Protein 11 - 2 - 0.5 -




160

the pelleting of PF|, they are believed to represent
soluble-phase constituents trapped initially in the
gradient fraction but subsequently dispersed in a
non-discrete manner in the electrophoresis cham-
ber during the run.

Fractions were also taken from the least electro-
negative peak F, (Figs. 2a and 2b) and these were
pooled and centrifuged at 100000 X g for 90 min
(PE,). This PF, sample, when run on SDS poly-
acrylamide gels, showed a complete absence of any
stainable polypeptides using the Coomassie bril-
liant blue staining procedure, although very faint
bands were present using the silver staining proce-
dure. We attempted to investigate the nature of
this PF, sample by the following experiments. The
periodic acid-Schiff staining of the SDS gels failed
to demonstrate the presence of any glycoproteins
in the PF, sample. Tests for the presence of nucleic
acids in PF, using ethidium bromide fluorescence
were always negative. Analysis of organic-phase
extracts of PF, and PF, by thin-layer chromatogra-
phy and specific quantitative assays showed that,
on a comparative basis, the PF, fraction was en-

Fig. 4. Electron microscopy of purified membrane fraction PF,.
Original magnification, X40000; as presented, X 28000.

riched at least 30-fold in triacylglycerols compared
to PF,. However, unlike PF,, the content of
cholesterol and phospholipid was low or virtually
negligible in PF,. Taken together, these results
suggest that the PF, sample represents a tri-
acylglycerol-rich component present in the S,
membrane material. Although it has been reported
that triacylglycerols can be liberated from mem-
branes during long-term storage, we do not feel
that this fraction is so derived, since the whole
preparative procedure, including the free flow elec-
trophoresis, is completed within a working day. It
is considered that this PF, fraction may represent
either stored lipid micelles or triacylglycerol-rich,
protein-poor lipoproteins loosely associated with
the plasma membrane vesicles.

Electron microscopy of the PF, fraction shows
the presence of sealed membrane vesicles with no
apparent contamination by granular elements (Fig.
4). Examination of PF, samples prepared by the
same procedure showed no such organized vesicu-
lated membrane structures.

The overall purification of the surface-mem-
brane fraction PF, from the whole cells based on
the relative specific activities of markers is shown
in Table 11, from which it can be seen that the PF,
fraction, in which the lectin surface label is exclu-
sively located, is on average 18-fold enriched in
5’-nucleotidase with respect to homogenate activi-
ties. This fraction contains negligible amounts of
N-acetylglucosaminidase and antimycin-insensitive
NADH-cytochrome ¢ reductase (EC 1.6.99.3) both
of which are markers for intracellular elements
(lysosomes and endoplasmic reticulum) in these
and other cells. Lactate dehydrogenase activities
were always undetectable, suggesting no signifi-
cant contamination by cytosolic constituents after
the free-flow electrophoresis.

Discussion

Density gradient centrifugation of a leucocyte
homogenate on 10-55% (w/v) sorbitol gradients
yields one major and one minor fraction (S, and
S,) containing plasma membrane markers. The
higher density fraction, S;, has much less par-
ticulate material than S, and may either be the
result of some genuine in vivo association between
plasma membrane elements and intracellular
membranes, or may be an artifact of the cell



disruption procedure which causes nonspecific ag-
gregation of membranes of different cellular origin.
In either event, the contaminating non-surface
membrane material cannot be removed from this
S, fraction by free-flow electrophoresis.

The low-density membrane fraction, S,, showed
little, if any, contamination by endoplasmic re-
ticulum and mitochondrial marker enzymes and
separated into two discrete fractions when electro-
phoresed (F, and F,). Analysis of the F, fractions
showed that this peak accounted for almost all of
the '**I-labelled lectin and 5’-nucleotidase activity
in the material applied to the chamber. Neither
marker was detectable in the F, fraction.

The significant enrichment in alkaline phos-
phatase activity (3.3-fold) in PF,, compared to the
homogenate activity, as well as a smaller but also
significant enrichment in glucose-6-phosphatase
activity (1.3-fold), suggests that a small amount of
endoplasmic reticulum-like material co-purifies
with the plasma membrane. Although, in common
with other workers in this field (e.g., Ref. 30), we
have used glucose-6-phosphatase as a marker for
endoplasmic reticulum, in our hands this enzyme
in leucocytes does not fulfil the criteria established
for the liver enzyme (pH 5 lability and inhibition
by excess glucose). It should perhaps, as in other
cells, be regarded as a nonspecific phosphatase
which has some value as an intracellular mem-
brane marker. It has been suggested [31] that some
alkaline phosphatase activity can be associated
with a specific organelle known as a phosphasome.
Should this be the case in rabbit leucocytes, this
activity may not be separable from plasma mem-
brane vesicles by electrophoresis. Alternatively, a
genuine in vivo structural association between cer-
tain domains of the endoplasmic reticulum and the
plasma membrane could also account for this co-
electrophoresis. The slight enrichment in specific
activity for acid phosphatase in the PF, surface
membrane fraction when compared to homo-
genate levels (Table II) is not considered to be
important, since this enzyme is known to have a
bimodal distribution in granulocytes between
primary granules and plasma membrane vesicles.

On the basis of the biochemical evidence pre-
sented here, supported by the vesicular appearance
in electron microscopy, we believe that our frac-
tion F,, isolated from a mixed membrane popula-
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tion, is a highly purified membrane fraction. This
fraction can be prepared in high yields, since the
electrophoresis stage is fully preparative and it is
suitable for detailed analytical investigation. The
F, peak, seen consistently in our electrophoretic
profiles, but varying in amount, is devoid of surface
markers and shows no identifiable vesicles in elec-
tron microscopy. This fraction, however, which
separates discretely from the plasma membrane
during electrophoresis, shows no clearly identifia-
ble polypeptides in SDS-polyacrylamide gel
electrophoresis although it is rich in tri-
acylglycerols. Its origin at the whole cell level is
unknown, but we believe it is not generated
artifactually from the F, plasma membrane during
our electrophoresis procedures, since when F, is
pooled and re-electrophoresed, only a single peak
is seen with the same electrophoretic mobility and
analytical characteristics as that originally isolated.
In view of the reported relative abundance of
triacylglycerols in polymorphonuclear leucocytes
[32], it is perhaps not surprising such a tri-
acylglycerol-enriched fraction is indentifiable and
it may represent a genuine lipid rich subcellular
entity worthy of further study now that it can be
separated from other elements. The inclusion of
this triacylglycerol-rich component in leucocyte
membranes isolated only by density gradient pro-
cedures may well account for the wide variation in
the literature in leucocyte membrane lipid data.
In conclusion, the overall purification of plasma
membrane in reasonable yield (about 1 mg of
purified membrane from 2 - 10° cells) achieved in
this study, using a combination of gradient sedi-
mentation and free flow electrophoresis, is 18-20-
fold with respect to 5'-nucleotidase specific activi-
ties. The enrichment values for this membrane
marker enzyme and for the lectin applied at the
whole cell level are substantially higher than those
generally reported for more conventional gradient
separation methods, though we have reported simi-
lar enrichment values for membranes harvested by
a nylon fibre adhesion procedure [13]. Although
5’-nucleotidase appears to be substantially con-
fined to plasma membranes in guinea-pig poly-
morphonuclear leucocytes [30], is has been shown
cytochemically to be present also in the primary
granules of rabbit leucocytes [3] and in both plasma
membranes and cytosol of human neutrophils [31],
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though lower in activity than other species. With
free-flow electrophoresis procedures, it is not pos-
sible to compile complete balance sheets and re-
covery data for the various constitutents as done
in the case of density gradient methods. During
electrophoresis, any soluble-phase constituents
trapped within a particulate fraction may become
widely dispersed across the 90-fraction profile
emerging from the chamber. Recoveries are thus
grossly distorted and have little meaning.

In the present study, comparison of the re-
covery data (Table II) suggests that there is some
loss of lectin in both the centrifugal step to sedi-
ment the particles (PS,) and in the electrophoresis.
The recovery values for 5'-nucleotidase do not
change through these procedures which, taken to-
gether with the progressive enrichment from 3-fold
to 18-fold, with respect to homogenate, substanti-
ates its value as a surface marker enzyme for this
species.
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