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A novel method of brush border membrane vesicle
(BBMV) preparation from the small intestinal mucosa
using polyethylene glycol (PEG) precipitation has
been presented. This preparation is compared with
calcium-precipitated BBMVs in marker enzyme en-
richment, contamination by other subcellular mem-
branes, transport of glucose, and lipid composition.
PEG-precipitated BBMVs are comparable with cal-
cium-precipitated membranes in all parameters ex-
cept lipid composition and thiol content. PEG-precip-
itated membranes have more phosphatidylcholine and
phosphatidylethanolamine and less lysophosphatidyl-
choline and lysophosphatidylethanolamine as com-
pared to calcium-precipitated membranes. Diacylglyc-
erol and triacylglycerol content are also high in
PEG-precipitated membranes. Alteration in lipid com-
position indicate the possible activation of lipase and
phospholipase by calcium during BBMV preparation,
which is not seen in PEG precipitation. Thiol content
is almost double in PEG-precipitated membranes as
compared to calcium-precipitated membranes. These
results indicate that PEG can be used for the prepara-
tion of BBMVs in native form from the intestine with-
out any alteration in their structural components, and
these membranes show comparable transport activity.
© 2001 Academic Press
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Small intestinal brush border membranes contain
many hydrolytic enzymes and a number of transport
systems that are important for the digestion and ab-
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sorption of nutrients. Transport across the brush bor-
der membranes can be studied in vitro using isolated
brush border membrane vesicles (BBMV).2 Various
techniques have been employed for the isolation of
small intestinal BBMV, which include cell disruption
followed by density gradient centrifugation (1), immu-
noabsorbent chromatography (2), and selective precip-
itation of other membranes using the divalent cation
Ca21 (3, 4) or Mg21 (5). The cation precipitation is a
widely used method that is also rapid and subsequent
treatment of this isolated BBMV with KCNS selec-
tively removes the cytoskeletal material and improves
the purification (6). BBMV prepared from rodent intes-
tine by Ca21 and Mg21 precipitation differ in their lipid
omposition (7), size and shape, intramembrane parti-
le distribution, and protein composition (8). Phospho-
ipid composition as well as static and dynamic compo-
ents of fluidity were also found to differ (9). Our
arlier work has shown that BBMV prepared by Ca21

or Mg21 precipitation from rat intestine differ in their
purity and lipid composition, whereas BBMV prepared
from monkey intestine using these cations are similar
(7).

One of the problems associated with use of cations,
especially Ca21 for BBMV preparation is that Ca21 can
activate membrane-associated lipase, phospholipase,
and possibly protease, which can alter the structural
components of the final membrane preparation. Since
structural and functional aspects of BBMV are influ-
enced by their lipid and protein composition (10), it is
important to isolate the membranes in the purest form
with intact structural features. It is known that poly-

2 Abbreviations used: BBMV, brush border membrane vesicles;
TP, adenosine triphosphate; PEG, polyethylene glycol; DAG,

eacylglycerol; TAG, triacylglycerol; PC, phosphatidylcholine; PE,
hosphatidylethanolamine; GSSG, glutathione, oxidized hydrate.
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158 PRABHU AND BALASUBRAMANIAN
ethylene glycol can selectively precipitate certain sub-
cellular organelles (11). In the present study we have
used PEG for the preparation of BBMVs from the small
intestine and compare the structural and functional
properties of PEG-precipitated membranes with Ca21-

recipitated membranes.

MATERIALS AND METHODS

Glucose oxidase, p-nitrophenyl phosphate, o-dianisi-
dine, ouabain, ATP, glucose 6-phosphate, and lipid
standards were obtained from Sigma Chemical Co.
(USA). C14-labeled glucose was obtained from Bhaba

tomic Research Centre (Bombay, India), Polyethylene
lycol 4000 was obtained from Fluka AG (Switzerland).
illipore membranes (pore size 0.45 mm) were ob-

ained from Millipore (India).

solation of Brush Border Membrane Vesicles

Wistar rats weighing 200–250 g, fasted overnight,
ere killed by cervical dislocation. The small intestine
as excised, washed with ice-cold saline, and the mu-

osa scraped with a glass slide. A 2–3% homogenate of
he mucosa was prepared in 2 mM Tris–HCl buffer (pH
.1) containing 50 mM mannitol. This homogenate was
ivided into two portions and used for BBMV prepara-
ion using PEG and calcium.

alcium Precipitation Method

BBMVs were prepared by Ca21 precipitation as de-
cribed (3). Briefly to one portion of the homogenate,
olid CaCl2 was added to a final concentration of 10
M, stirred for 1 min and allowed to stand at 4°C for

5 min, centrifuged at 3000g for 15 min, and this
upernatant respun at 27,000g for 30 min. The pellet
btained was washed twice with suspension buffer (10
M Tris–HCL buffer, pH 7.1, containing 300 mM man-
itol) and finally suspended in the same buffer using a
yringe fitted with a 26-G needle.

EG Precipitation Method

Alternatively, BBMVs were also prepared by PEG
recipitation. To another portion of homogenate, a so-
ution of 50% PEG 4000 was added to a final concen-
ration of 10% and stirred for 15 min at 4°C. This was
entrifuged at 7500g for 15 min and the supernatant
as respun at 27,000g for 40 min. The pellet was
ashed twice with suspension buffer (10 mM Tris–HCl
uffer, pH 7.1, contains 300 mM mannitol) and finally
uspended in the same buffer using a syringe fitted
ith a 26-G needle.
BBMVs were also prepared from overnight fasted
abbit small intestinal mucosa using calcium and PEG f
recipitation methods. Protein was estimated using
SA as standard (12).

nzyme Assays

Activity of alkaline phosphatase (13), maltase and
ucrase (14) Na1 K1 ATPase (15), glucose 6-phospha-
ase (16), and arylsulfatase (17) were assayed as de-
cribed. The enzyme activities are expressed as
nits/mg protein. (Units are expressed as mmol/min/mg

protein for alkaline phosphatase and glucose 6-phos-
phatase, nmol/h/mg protein for maltase, sucrase, Na1

K1 ATPase, and arylsulfatase.)

ipid Analysis

BBMV lipids were extracted by the Bligh and Dyer
ethod (18). The lower organic phase was evaporated

o dryness, resuspended in a small volume of chloro-
orm:methanol (2:1) and used for lipid analysis. Neu-
ral lipids were separated on silica gel G plates using
he solvent system hexane:diethylether:acetic acid (80:
0:1, v/v). Spots corresponding to standard were iden-
ified by iodine exposure and eluted. Cholesterol and
holesteryl ester (19), diacylglycerol, and triacylglyc-
rol (20) were quantitated as described. Free fatty ac-
ds were methylated and quantitated by gas chroma-
ography after separation on a 5% EGSS-X column.
ndividual phospholipids were separated on silica gel

plates using the solvent system chloroform:metha-
ol:acetic acid:water (25:14:4:2, v/v) and quantitated
y phosphate estimation after acid hydrolysis (21).

easurement of Glucose Transport

BBMVs prepared by Ca21 and PEG precipitation
ere tested for their ability to transport glucose. Up-

ake measurements were carried out by rapid filtration
echnique at room temperature as described (22).
riefly, 50 mL of BBMVs corresponding to 100 mg pro-

tein was incubated with 150 mL of uptake buffer con-
taining 150 mM NaSCN, 50 mM D-glucose, 0.8 mCi
D-[14C]glucose, and 10 mM Hepes (pH 7.5) at varying
ime intervals. At the end of incubation, the mixture
as diluted with 2 mL of ice-cold stop buffer (150 mM
aCl, 10 mM Hepes, pH 7.5) and filtered under con-

tant vacuum. The filter was washed three times with
mL of stop buffer and transferred to counting vials.
he radioactivity retained in the filter was counted
sing LKB Rack-Beta Scintillation counter.

tatistics

Data are expressed as mean 6 SD from a minimum
f three experiments. Statistical analyses were per-

ormed with Student’s t test to compare the changes.
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159PREPARATION OF SMALL INTESTINAL BRUSH BORDER MEMBRANE VESICLES
RESULTS

Table 1 shows the comparison of marker enzyme
enrichment in BBMVs isolated from rat intestine by
Ca21 and PEG precipitation. As can be seen, the en-
richment of alkaline phosphatase, sucrase, and
maltase are more or less similar in both preparations.
Contamination by basolateral membranes and other
subcellular fractions was checked by Na1 K1 ATPase
or basolateral membrane, arylsulfatase for lysosomes,
nd glucose 6-phosphatase for microsomes. There was
ery little contamination by these fractions in the
BMV preparation and it is similar in Ca21 and PEG

precipitation. BBMVs were also prepared from rabbit
intestine using these methods and a similar compari-
son was made. As shown in Table 2, rabbit BBMVs
prepared by both these methods were similar as judged
by marker enzymes.

Lipid composition was analyzed in BBMVs prepared
by these two methods. Among the neutral lipids there
was no difference in cholesterol, cholesterol ester, or
free fatty acid content between the two methods of
preparation, whereas DAG and TAG were higher in
PEG-precipitated membranes than in those precipi-

TAB

Comparison of BBMV from Rat Intestine Pr

Alkaline
phosphatase

(sp act)
Sucrase
(sp act)

M
(

Homogenate 0.071 6 0.001 0.162 6 0.003 0.37
aCl2-precipitated
BBMV

1.052 6 0.035
(28)

1.770 6 0.056
(31)

4.09

old enrichment 14.81 10.92 10.90
EG-precipitated
BBMV

0.891 6 0.023
(37)

1.470 6 0.023
(40)

3.67

old enrichment 12.55 9.07 9.8

Note. The values in parentheses represent the percentage recovery
eparate estimations.

TAB

Comparison of BBMV from Rabbit Intestine P

Alkaline
phosphatase

(sp act)
Sucrase
(sp act)

Ma
(sp

Homogenate 0.057 6 0.001 0.048 6 0.001 0.063
CaCl2-precipitated

BBMV
0.866 6 0.010

(48)
1.491 6 0.080

(90)
2.040

(
old enrichment 15.19 30.19 32.27
EG-precipitated
BBMV

0.773 6 0.013
(53)

1.620 6 0.056
(93)

2.256
(

old enrichment 13.56 33.6 35
Note. The values in parentheses represent the percentage recovery as
eparate estimations.
tated by the Ca21 method (Fig. 1A). Among the phos-
pholipids, increased level of PC and PE and decreased
level of lysoPC and lysoPE were seen in PEG-precipi-
tated membranes as compared to Ca21-precipitated

embranes. Other phospholipids were more or less
imilar by both methods of preparation (Fig. 1B).
The functional aspect of these membranes was

ested by glucose uptake. As shown in Fig. 2, mem-
ranes prepared by both methods showed similar type
f glucose uptake and the peak uptake was seen at 20 s.
hiol content of membranes was also measured in both
reparations and as can be seen in Table 3, thiol con-
ent was high in PEG-precipitated membranes as com-
ared to calcium-precipitated membranes. This was
een in both rat and rabbit BBMVs and it was almost
ouble in rat BBMVs.

DISCUSSION

Although different methods are available for prepa-
ration of BBMVs from the intestine, the Ca21 precipi-
tation is a simple and rapid method used by many
investigators. One of the problems associated with cal-
cium precipitation is the possible activation of mem-

1

red by Ca21 and PEG Precipitation Method

ase
act)

Na1K1 ATPase
(sp act)

Arylsulfatase
(sp act)

Glucose 6-
phosphatase

(sp act)

0.021 130.77 6 5.07 0.970 6 0.025 28.57 6 1.54
0.491

2)
11.14 6 0.240

(0.26)
0.253 6 0.009

(0.62)
9.330 6 0.970

(0.8)
— — —

0.619
8)

10 6 1.15
(0.28)

0.190 6 0.004
(0.6)

5.390 6 0.412
(0.6)

— — —

compared to homogenate. Each value represents mean 6 SD of three

2

ared by Ca21 and PEG Precipitation Method

se
t)

Na1K1 ATPase
(sp act)

Arylsulftase
(sp act)

Glucose 6-
phosphatase

(sp act)

0.003 95.011 6 1.511 0.621 6 0.0025 45.102 6 3.561
0.030 2 6 0.601

(0.05)
0.116 6 0.009

(0.78)
8.910 6 0.508

(0.005)
— — —

0.095 1.191 6 0.040
(0.05)

0.109 6 0.012
(0.633)

8.301 6 0.056
(0.005)

— — —
LE

epa

alt
sp

5 6
0 6
(3

5 6
(3
LE

rep

lta
ac

6
6

93)

6
94)
compared to homogenate. Each value represents mean 6 SD of three
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160 PRABHU AND BALASUBRAMANIAN
brane-associated lipases, phospholipase, and possibly
proteases by divalent metal ions, which is likely to
alter the lipid and protein composition and hence
structure of the membrane. To overcome this, we have

FIG. 1. Lipid composition of BBMV prepared from rat intestine
sing Ca (h) and PEG (3) precipitation method. Each value repre-
ents mean 6 SD of three separate estimates. (A) Neutral lipids
Chol, cholesterol; Chol ester, cholesterol ester; DAG, diacylglycerol;
AG, triacylglycerol). (B) Phospholipids (PE, phosphotidylethanol-
mine; lysoPE, lysophosphotidylethanolamine; PC, phostidylcholine;
ysoPC, lysophosphotidylcholine; SP, sphingomylein; PS 1 PI, phos-
hotidylserine 1 phosphotidylinositol; PA, phosphotidic acid). Each
alue represents mean 6 SD of three separate estimates.

FIG. 2. D-Glucose transport by BBMVs prepared from rat intestine
21
sing Ca (•) and PEG (E) precipitation method. Each value repre-

sents mean 6 SD of five separate estimates.
used PEG to precipitate out other subcellular or-
ganelles and the supernatant can be then used to pre-
pare the BBMVs. PEG has been used earlier to prepare
microsomes (11, 23, 24). We have compared the PEG-
precipitated membranes with Ca21-precipitated mem-
branes in marker enzyme enrichment and contamina-
tion by other subcellular membranes which showed
that PEG-precipitated membranes are comparable to
calcium-precipitated membranes. PEG-precipitated
membranes also transported [14C]glucose similar to
Ca21-precipitated membranes, suggesting that PEG
treatment does not affect the transport properties and
is similar to Ca21-precipitated membranes. Compari-
on of lipid composition showed some differences be-
ween these two preparations. Decreases in DAG,
AG, PC, and PE as well as an increase in lysoPC and

ysoPE were seen in Ca21-precipitated membranes as
compared to PEG-precipitated membranes. Other lip-
ids including free fatty acids were similar in both prep-
arations. Alteration in the level of PC, PE, lysoPC, and
lysoPE in calcium-precipitated membranes may be due
to activation of phospholipases, possibly phospholipase
A2 (25, 26). BBMV is known to contain a phospholipase

2 but is calcium-independent (27). Intestinal epithe-
ial cells are known to contain Ca21-activated phospho-
ipase that may degrade membrane phospholipids.
everal other reports have shown the presence of lyso-
hospholipids in BBMVs prepared with Ca21 (3, 28).
BBMVs prepared by PEG precipitation also showed

ncreased thiol content as compared to Ca21-precipi-
tated membranes and is seen both in rat and rabbit
BBMVs. Transport of certain compounds across the
membrane depends on the presence of reduced thiol
groups in the transport proteins. In the present study,
although the BBMVs prepared by PEG precipitation
had more amount of reduced thiol groups as compared
to Ca21-precipitated membranes, both these mem-
branes showed similar transport function. Two classes
of sulphydryl groups have been identified in the intes-
tinal BBMV Na1 glucose cotransporter. The first class
reacts with water-soluble –SH reagents without affect-

TABLE 3

Total Thiol Content of BBMV from Rat
and Rabbit Intestine

Rat
(nmol/mg protein)

Rabbit
(nmol/mg protein)

a21-precipitated
BBMV 12.59 6 0.49 21.63 6 1.62

PEG-precipitated
BBMV 23.15 6 1.42 33.23 6 0.90

Note. Each value represents mean 6 SD of three separate estima-
tions.
ing the cotransporter activity (29). The second class
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161PREPARATION OF SMALL INTESTINAL BRUSH BORDER MEMBRANE VESICLES
reacts preferentially with water-insoluble –SH re-
agents, resulting in noncompetitive inhibition of co-
transporter-mediated Na1 and glucose uptake (30).

he similarity in glucose transport between these two
reparations even though they differ in total SH group
ontent suggests that essential SH groups are probably
till intact in calcium-precipitated membranes. Our
arlier work on the modification of rat BBMVs by re-
ction with GSSG also showed fewer SH groups with-
ut alteration in transport properties (31). In conclu-
ion, this study has shown a novel method of BBMV
reparation from the intestine using PEG precipitation
hat avoids degradation of endogenous lipids and phos-
holipids by intestinal lipase and phospholipase and
epresents the membrane prepared in natural form.
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