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Abstract

A simple method for preparation of brush border membranes (BBM) from rat kidney using polyethylene glycol (PEG)
precipitation has been described. This method avoids the use of cations for the preparation, which might alter membrane lipid
composition. These preparations were assessed for enrichment of marker enzymes, contamination by subcellular structures,
lipid composition and transport function. An enrichment of 11.8910-fold of alkaline phosphatase, 13.9500-fold of amino
peptidase and 13.6500-fold of�-glutamyl transpeptidase and an approximate yield of 60% were seen in the final membrane
preparation as compared to the homogenate. There was very little contamination of basolateral membranes, peroxisomes,
microsomes or lysosomes in the final membrane preparation. Analysis of sugars indicated high content of fucose and sailic
acid as compared to hexoses. Isolated membranes appeared as vesicles as seen by electron microscopy. Lipid analysis indicated
the presence of various neutral and phospholipids with a high content of sphingomyelin along with a cholesterol/phospholipid
ratio of 0.4850. The isolated membrane vesicles were able to transport glucose. This study has shown a simple method of
renal brush border membrane preparation, which is comparatively pure and functionally active.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The renal brush border membrane (BBM) is
involved in excretion and absorption of water, elec-
trolytes and small molecules across the physio-
chemical gradient. As a result of this dual function,
the membrane contains a number of enzymes and

Abbreviations: BBM, brush border membrane; PEG, polyethe-
lene gycol; BSA, bovine serum albumin; ATP, adenosine triphos-
phate; TBA, thiobarbituric acid; HEPES,N-[2-hydroxyethyl]-
piperazine-N′-[2-ethanesulfonic acid]
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transporters (Smedt & Kinne, 1981; Thuneberg &
Rostgard, 1968). A general question of prime im-
portance is the structure–function relationships in
the membranes. One way of further understanding
the function of the kidney brush border would be to
isolate the membranes and to study their enzymol-
ogy and ultrastructural organisation. Several methods
have been standardised for the preparation of renal
brush border membranes. All these methods involve
cell disruption followed by differential centrifugation
using sucrose density gradient (Mortl, Busse, Bartel,
& Phol, 1984) or selective precipitation of other
membranes and subcellular organelles using divalent
cations, Ca2+ (Ganapathy, Mendicino, & Leibach,
1981) or Mg2+ (Booth & Kenny, 1974). The cation
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precipitation is a widely used method for the isolation
of various membranes such as enterocyte brush border
membranes (Kessler et al., 1978), colonic apical mem-
branes (Brasitus & Keresztes, 1984) and renal brush
border membranes (Kumar & Prasad, 2000). BBM
prepared from rodent intestine and renal tissue using
Ca2+ or Mg2+ precipitation were found to differ in
their lipid composition (Ibrahim & Balasubramanian,
1995), size and shape, intramembrane particle dis-
ruption and protein composition (Bjorkman, Hagen,
& Trier, 1986). Phospholipid composition as well
as static and dynamic components of fluidity were
also different (Bjorkman & Brigham, 1990; Lin, Xu,
Lovelace, Windhager, & Heinz, 1989).

One of the problems associated with use of cations,
especially Ca2+ for membrane preparation is that
Ca2+ can activate membrane-associated lipases, phos-
pholipases and possibly proteases, which can alter
the structural components of the membrane. Since
structural and functional aspects of biomembranes
are influenced by their lipid and protein composi-
tion (Proulx, 1991), it is important to isolate the
membranes in the purest form with intact structural
features. We have earlier shown isolation of BBM
from the small intestine using polyethylene glycol
(PEG) to selectively precipitate other subcellular or-
ganelle (Prabhu & Balasubramanian, 2001), which
avoids use of divalent metal ions. In the present study
we have used polyethylene glycol precipitation for
the preparation of renal brush border membranes and
isolated membranes were analysed for purity, lipid
composition and functional integrity.

2. Materials and methods

Tris(hydroxy methyl)aminomethane (Tris),N-[2-
hydroxyethyl]piperazine-N′-[2-ethanesulfonic acid]
(HEPES), bovine serum albumin (BSA), ATP,
p-nitrophenyl phosphate,�-glutamyl p-nitroanilide,
5,5′-dithio-bis-(2-nitrobenzoic acid) (DTNB), glycyl-
glycine, l-leucinep-nitroanilide, glucose-6-phospha-
tase, 2-thiobarbituric (TBA) and lipid standards were
obtained from Sigma Chemical Co., St. Louis, USA.
Polyethylene glycol 4000 was obtained from Fluka
A.G., Switzerland. C14-labeled glucose was obtained
from Bhabha Atomic Research Center, Bombay, In-
dia. Millipore membranes (pore size 0.45�m) were

obtained from Millipore, India. All other chemicals
used were of analytical grade.

2.1. Isolation of renal brush border membrane

Briefly, overnight fasted rats were killed by cervi-
cal dislocation, kidneys were removed, washed with
chilled saline and decapsulated. The renal tissue was
sliced and a 5% homogenate was made in buffer con-
taining 2 mM Tris–HCl, 50 mM mannitol pH 7.1 using
10 strokes in a Porter–Elvelhem homogeniser. The ho-
mogenate was centrifuged at 250×g for 5 min and the
pellet was rehomogenised (four strokes) in the same
buffer. Both the homogenate preparations were pooled
(an aliquot of sample was taken for enzyme assays),
allowed to remain at 4◦C for 15 min and filtered us-
ing a nylon mesh cloth. To this, a 50% PEG solution
in water was added to make a final concentration of
10% PEG, stirred for 15 min continuously at 4◦C and
centrifuged at 7500×g for 10 min. The pellet was dis-
carded and the supernatant was spun at 12,000×g for
10 min. This pellet was discarded and the supernatant
was centrifuged at 27,000×g for 40 min. To the pellet,
15 ml suspension buffer containing10 mM Tris–HCl
and 300 mM mannitol, pH 7.1 was added, centrifuged
at 27,000×g for 40 min. The pellet was washed twice
with the same suspension buffer and finally suspended
in 1 ml of the same buffer using a syringe fitted with a
26-gauge needle. Protein was estimated using bovine
serum albumin as standard (Lowry, Rosebrough, Farr,
& Randall, 1970). This study was approved by the
Animal Experimentation Ethics Committee of the In-
stitution.

2.2. Enzyme assays

Both homogenate and final BBM preparation were
assayed for various enzyme activities. Activity of
alkaline phosphatase (Dorai & Bachhawat, 1977),
leucine amino peptidase (Pfleiderer, 1970), �-glutamyl
transpeptidase (Indrani & Hill, 1977), Na+K+ATPase
(Quigley & Gotterer, 1969), glucose-6-phosphatase
(Hubscher, West, & Brindley, 1965) and acid
phosphatase (Gianetto and De Duve, 1955) were
assayed as described. The enzyme activities are ex-
pressed as units/mg protein. (Units are expressed as
�mol/(min mg) protein for alkaline phosphatase, acid
phosphatase, leucine amino peptidase,�-glutamyl
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transpeptidase, and glucose-6-phosphatase, and nmol/
(min mg) protein for Na+K+ATPase.)

The enrichment, percentage recovery and contami-
nation were calculated by using the following formula:

enrichment= specific activity in the BBM

specific activity in the homogenate

percentage recovery

= total activity in the BBM

total activity in the homogenate
× 100

(total activity= specific activity× mg protein

×volume suspended)

percentage contamination

= total activity in the BBM

total activity in the homogenate
× 100

2.3. Determination of membrane-bound sugars
and thiol content

Membrane-bound hexoses and fucose were deter-
mined as described with slight modification (Djurdjic
& Mandic, 1990). Briefly, 200�l of membrane sam-
ple corresponding to approximately 10–20�g of mem-
brane protein was taken and to this 1 ml of cooled
mixture consisting of six parts concentrated sulphuric
acid and one part of water was added. This was heated
for 3 min in a boiling water bath and the mixture
was immediately cooled using ice. To this 0.2 ml of
CPS reagent (containing 1% ofl-cysteine–HCL and
0.075% of phenol) was added. This mixture was kept
in an ice bath for 60 min and the absorbance was read
at 398 nm for fucose and 400 nm for hexoses. Calibra-
tion curves were made using a solution ofd-galactose
for hexoses orl-fucose, in the concentration range of
5–50 nmol. Membrane-associated hexoses and fucose
were expressed as nmol/mg protein.

Sialic acid content of the isolated membranes was
estimated as described (Serifer & Gerstenfeld, 1962).
Equal volume of 0.2N H2SO4 was added to the sam-
ple corresponding to a membrane protein of 25–50�g
and digested for 1 h at 80◦C. This solution was cooled
to room temperature and 0.05 ml of 0.2 M of sodium
meta-periodate dissolved in 9 M of phosphoric acid
was added and incubated for 20 min at room temper-
ature. To this 0.5 ml of 10% sodium arsenite in 0.5 M

sodium sulphate was added and kept for 5 min at room
temperature, followed by addition of 0.75 ml of 0.6%
thiobarbituric acid. This was kept for 15 min in a boil-
ing water bath, cooled immediately, centrifuged for
10 min and supernatant was read at 560 nm. Standard
curve was made using a sialic acid solution in the range
of 5–50 nmol and membrane-bound sialic acid was
expressed as nmol/mg protein. Thiol content of the
membranes was measured using DTNB as described
(Habeeb, 1972).

2.4. Measurement of d-glucose uptake

Isolated BBM were assessed for their ability to
transport glucose by uptake measurements carried
out by rapid filtration technique, at room temperature
as described (Tiruppathi, Miyamoto, Ganapathi, &
Leibach, 1988). Briefly 50�l of BBMV correspond-
ing to 100�g protein was incubated with 150�l of
uptake buffer containing 150 mM NaSCN, 50�M
d-glucose, 0.8�Ci (C14) d-glucose, 10 mM HEPES
(pH 7.5) (with or without 0.2 mM phloridzin) at
varying time intervals. At the end of incubation, the
mixture was diluted with 2 ml of ice cold stop buffer
(150 mM NaCl, 10 mM HEPES, 0.2 mM of phlo-
ridzin, pH 7.5) and immediately filtered under con-
stant vacuum. The filter was washed three times with
5 ml of stop buffer and transferred to counting vials.
The radioactivity retained in the filter was counted
using LKB Rack-Beta scintillation counter.

3. Lipid analysis

BBM lipids were extracted byBliigh and Dyer
(1959) method. The lower organic phase was evap-
orated to dryness, resuspended in a small volume of
chloroform:methanol (2:1 (v/v)) and used for lipid
analysis. Neutral lipids were separated on silica gel
G plates using the solvent system hexane:diethyl
ether:acetic acid (80:20:1 (v/v/v)). Spots correspond-
ing to standard were identified by iodine exposure
and eluted. Cholesterol and cholesteryl ester (Zaltkis,
Zak, & Boyle, 1953), diacylglycerol and triacyl glyc-
erol (Synder & Stephen, 1959) were quantitated as
described. Individual phospholipids were separated
on silica gel H plates using the solvent system chloro-
form:methanol:acetic acid:water (25:14:4:2 (v/v/v/v))
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and quantitated by phosphate estimation after acid
hydrolysis (Bartlett, 1959).

3.1. Electron microscopy

Renal brush border membrane vesicles were fixed in
suspension at 4◦C with 1.5% glutaraldehyde in 50 mM
sodium cacodylate buffer, pH 7.4 for 30 min and cen-
trifuged at 10,000× g for 10 min. Pellets were gently
rinsed with the same buffer and post-fixed for 2 h on
ice with 1% osmium tetraoxide in 50 mM sodium ca-
codylate buffer, pH 7.6 and rinsed with same buffer.
After dehydration in an ethanol series, pellets were
embedded in polybed resins, thin sectioned and stained
with uranyl acetate and lead citrate. This material was
then photographed in a Phillips 201 electron micro-
scope.

3.2. Statistics

Data are expressed as mean±S.D. from a minimum
of three separate preparations from different animals.

4. Results

PEG selectively precipitates certain subcellular
particles and using differential centrifugation, rela-
tively pure renal BBM were obtained.Fig. 1 shows
an electron micrograph of the final BBM preparation,
which appeared to be predominantly in the vesicle
form. Table 1 shows the enrichment of the marker
enzymes in the final preparation of BBM. As can be
seen, an enrichment of 11.8910-fold of alkaline phos-
phatase, 13.6500-fold of�-glutamyl transpeptidase
and 13.9500-fold of leucine aminopeptidase and an
approximate yield of 60% as compared to homogenate
were obtained in the final membrane preparation. In

Table 1
Activity of marker enzymes in the renal brush border membrane

Enzymes Specific activity Fold enrichment Percentage recovery

Homogenate BBM

Alkaline phosphatase 0.1130± 0.0011 1.3131± 0.0060 11.8910 60.1100
�-Glutamyl transpeptidase 0.4350± 0.0600 5.6410± 0.4800 13.6500 65.6800
Leucine aminopeptidase 0.0310± 0.0010 0.3330± 0.0030 13.9500 65.6810

Fig. 1. Electron micrograph of the isolated renal brush border
membrane vesicles. Magnification: 45,000×.

the BBM preparation, contamination by other subcel-
lular particles, Na+K+ATPase for basolateral mem-
brane, catalase for peroxisomes, acid phosphatase for
lysosomes and glucose-6-phosphatase for microsomes
were assayed. As seen inTable 2 there was a very
little contamination in the BBM preparation.Table 3
shows the sugar and thiol content of the isolated
membranes. Renal BBM had a high thiol content and
among the sugars fucose and sialic acid were higher
as compared to neutral sugars.Table 4shows the lipid
composition of the isolated membranes. A high con-
tent of both free and esterified cholesterol was seen in
the membrane preparation. Among the phospholipids,
phosphatidylcholine and phosphatidylethanolamine
were high and in addition, level of sphingomyelin was
also high. A cholesterol:phospholipid ratio of 0.4850
was observed in the final membrane preparation.
To check the functional integrity of the membrane,
glucose transport was measured using isolated mem-
brane vesicles, which showed typical uphill transport
across the membrane at 20 s (Fig. 2). The transport
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Table 2
Activity of subcellular marker enzymes in the renal brush border membrane preparation

Specific activity Percentage contamination

Homogenate BBM

Na+K+ATPase 29.4470± 0.9300 0.0150± 0.0010 0.1410
Catalase 60.4510± 1.2000 4.2500± 0.9800 0.5750
Acid phosphatase 0.02520± 0.0100 0.0070± 0.0002 1.0231
Glucose-6-phosphatase 63.4600± 2.4910 14.8601± 0.0100 0.1020

Table 3
Thiol and carbohydrate content of the renal brush border membrane

nmol/mg protein

Total thiol 48.0910± 2.2000

Sialic acid 178.6700± 14.6030
Fucose 158.2000± 11.0000
Hexose 75.2300± 3.6010

Table 4
Lipid composition of the renal brush border membrane

nmol/mg protein

Neutral lipids
Cholesterol 179.9121± 6.3200
Cholesteryl ester 55.0010± 2.1110
Diacyl glycerol 43.4010± 1.9230
Triacyl glycerol 45.2030± 2.4000

Phospholipids
Phosphotidylcholine 112.0031± 2.0010
Lysophosphotidylcholine 10.0030± 0.3000
Phosphotidylethanolamine 111.2210± 1.2110
Lysophosphotidylethanolamine 15.3100± 0.2101
Sphingomylein 120.0020± 9.2111
Phosphotidyl serine and

phosphotidyl inositol
80.1110± 2.0310

Phosphatidic acid and cardiolipin 35.2420± 1.3000

Cholesterol/phospholipid ratio (mol/mol) 0.4850

of glucose at 20 s in the presence of phloridzin in
uptake buffer showed 45+ 0.9000 pmol/mg protein
as compared to 100+ 7.1000 pmoles/mg protein in
the absence of phloridzin confirming Na+-dependent
glucose transport by isolated renal BBM vesicles.

5. Discussion

Various methods are known for the preparation of
renal brush border membranes including metal ion pre-

cipitation using Ca2+ or Mg2+ (Booth & Kenny, 1974;
Ganapathy et al., 1981) or density gradient centrifu-
gation (Mortl et al., 1984). One of the problems asso-
ciated with divalent metal ion precipitation method is
their ability to strongly bind to membranes and activate
lipases and proteolytic enzymes. This is likely to alter
the lipid and protein composition and hence the struc-
tural and functional aspects of the membrane (Ibrahim
& Balasubramanian, 1995). Presence of phospholi-
pases in renal BBM has been shown (Molitoris &
Simon, 1985) and Ca2+ is known to activate this en-
zyme (Lin et al., 1989). Booth and Kenny have shown
that use of Mg2+ instead of Ca2+ for precipitation re-
sults in a slightly better preparation and they suggest
that Mg2+ ions interact with the glycocalyx of the
membrane (Booth & Kenny, 1974). Although density
gradient centrifugation method avoids these artifacts,
it is time consuming.

In the present study for the isolation of the renal
BBM, PEG which is non-ionic has been used for
selectively precipitating other subcellular particles.
Purity of the isolated membranes using PEG showed
a 11.8910-fold of alkaline phosphatase, 13.9500-fold
of aminopeptidase and 13.6500-fold of�-glutamyl
transpeptidase enrichment of the marker enzymes
with an overall recovery of 60% activity in the fi-
nal membrane preparation which is slightly higher
than that reported using other methods of preparation
(Booth & Kenny, 1974; Ganapathy et al., 1981; Mortl
et al., 1984).

Lipids are important components of biomembranes
and any alteration in their composition may bring
about structural and functional changes in the mem-
brane (Aubry, Merrill, & Proulx, 1986). The BBM
isolated using the present method showed a lower
content of cholesterol than that reported using Mg2+
precipitation method. These workers used gas–liquid
chromatography for quantitation of cholesterol,
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Fig. 2. d-Glucose transport by isolated renal BBM. Each value represents mean± S.D. of three separate experiments.

whereas in the present study colorimetric method was
used and this may be responsible for the discrepancy.
Phosphatidylcholine and phosphatidylethanolamine
were found to be the major phospholipids in the
renal BBM. One interesting observation was the
high content of sphingomyelin in the renal BBM,
which almost contributed 25% of total of phospho-
lipids. A similar high content of sphingomyelin was
reported in renal BBM prepared using Mg2+ pre-
cipitation (Booth & Kenny, 1974). The C/P ratio is
an important determinant of the membrane fluidity
(Grimellec, Giocondi, Carriere, & Cardinal, 1983;
Kroes & Ostwald, 1971) and in the present prepa-
ration, the C/P ratio was found to be 0.4850, which
was lower that that reported earlier (Booth & Kenny,
1974). Which again may be due to different method
used for cholesterol estimation. The functional pa-
rameter of the isolated membranes was assessed by
the ability to transport glucose in presence of Na+
which showed 80–90 pmol/mg protein. Inhibition of
uphill glucose uptake by the presence of phloridzin
in the uptake buffer confirmed Na+ dependent trans-
port.

Many membrane functions including transport is
regulated by sulfhydryl (SH) groups associated with
proteins. Sulfhydryl groups were found to be high
which may have a functional role. Carbohydrates on
cell surfaces represent only a minor fraction but play
an important role in regulation of cell growth, anti-
genicity and cellular recognition. Sugars are impor-
tant components of the membrane glycocalyx and both
glycolipids and glycoproteins contain different types
of sugars. High content of both sialic acid and fucose
were seen in the isolated renal BBM and a similar ob-
servation were reported by earlier studies (Quirk &
Robinson, 1972; Glossmann & Neville, 1971).

In conclusion, in this study, renal BBM were pre-
pared using a simple PEG precipitation and differen-
tial centrifugation. This method avoids the isolation
artifacts likely to occur by the use of metal ions.
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