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(1) Intestinal absorption is altered under a variety of circumstances in health and disease and to determine a 
possible relationship between intestinal absorptive function and intestinal brush border membrane composi- 
tion, we undertook the isolation and purification of rabbit jejunal and ileal brush borders, to allow further 
studies of their lipid composition under varied experimental conditions. (2) A modification of an established 
method (Schmitz, J., Preiser, H., Maestracci, D., Ghosh, B.K., Cerda, J.J. and Crane, R.K. (1973) Biochim. 
Biophys. Acta 323, 98-112) utilized CaC! z aggregation and sequential centrifugation followed by purification 
of the brush border pellet (Pz) at 27000×g on a Percoil TM (Pharmacia) self-forming gradient. The 
Percoll TM was removed by ultracentrifugation for 30 min at 100000×g, utilizing a batch rotor in the 
Beckman aiduge TM. (3) Pure brush border membrane vesicles were obtained and characterized by specific 
marker analysis and electron microscopy. Comparative marker analyses performed on P2 and final Percoll TM 

preparations from animals showed thag~the purification achieved was 8-l l-fold greater when compared to the 
original homogenates. Verification of purity was also demonstrated by the absence of DNA and very low 
levels of /3-giuconridase and (Na + +K+)-ATPase in the Percoll TM, preparations. (4) Comparative lipid 
analyses of P2 and final Percoll TM preparations showed that levels of total phospholipid and free fatty acids 
were several-fold higher in the Percoll TM preparations on a per mg protein basis. (5) A comparison of the 
activity of enzyme markers and the levels of total free fatty acids in Pz pellets obtained after CaC! z and 
Mgt~ 2 aggregation showed that CaC! 2 aggregation gave the more consistently reproducible results. (6) 
Although standard procedures of membrane preparations not involving density gradient separation provide 
membranes of reasonable purity for the estimation of lipid components, we consider the final purification 
step of density gradient separation using Percoil TM is essential for determining small quantitative changes 
which might occur in the membrane lipid composition under experimental conditions where intestinal 
absorptive function is altered. 

Introduction 

The small intestinal mucosal membrane is in- 
volved in the digestion and absorption of luminal 
contents. However, it is not known whether a 
change in lipid composition of the brush border 
membrane may be associated with changes in the 
intestinal transport of nutrients. Our present inter- 
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est in membrane function and its possible associa- 
tion with malabsorption and other disease states 
has led to the investigation of the lipid composi- 
tion of brush border membranes under defined 
experimental conditions, where there may be 
changes in the intestinal uptake of lipids [1]. To 
achieve this, it was necessary to separate and iso- 
late pure membrane preparations to allow accurate 
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measurement of their constituent lipids. Currently 
available methods for the isolation and purifica- 
tion of brush border membranes are necessarily 
involved and tedious, utilizing sucrose and glycerol 
gradient ultracentrifugation, resulting in relatively 
low recoveries. Several procedures were reviewed 
[2-5] some of which were tried, with the eventual 
selection of the method of Schmitz et al. [4]; it was 
rapid, simple, reproducible, gave good yields and 
was easily applied to handling of large numbers of 
tissue preparations. The final tedious glycerol 
gradient purification step was eliminated by the 
introduction of a Percoll TM self-forming gradient 
leading to the isolation of highly purified brush 
border membrane vesicles. 

Methods and Materials 

Intestinal mucosal samples. Sixteen (16) mature 
female New Zealand white rabbits (2 to 3 kg 
weight) were killed by injection of 2 to 3 ml of 
7.1% sodium thiopental into a marginal ear vein. 
Segments of proximal jejunum and distal ileum, 20 
cm in length, were rapidly removed, irrigated with 
ice-cold saline, placed on a precbfilted glass plate, 
and kept 'on ice throughout the entire procedure. 
Each segment was slit longitudinally along the 
mesenteric border, following removal of extra- 
neous fatty tissue; the mucosal surface was blotted 
with lint-free tissue, then gently scraped with two 
microscope slides. The scrapings from each seg- 
ment were placed in a small preweighed vial con- 
taming 5.0 ml of 50 mM mannitol in 2 mM Tris- 
HC1 buffer, pH 7.1, and the tissue weight was 
determined. Small segments of intestine were taken 
before and after scraping and immersed in Bouins' 
medium for subsequent light microscopy to de- 
termine the depth of removal of intestinal mucosa. 

Preparation of brush border vesicles. A homo- 
genate of the mucosal sample was prepared con- 
taining 1 g of scrapings in 50 ml of ice-cold 50 mM 
mannitol in 2 m M  Tris-HC1 buffer (Fig. 1). A 
Polytron (Brinkman) Homogenizer using a PT 
10ST probe, placed at a setting of '8' for 15 s was 
found to be most satisfactory for complete homo- 
genization with minimal disruption of lysosomes. 
The homogenate was then filtered through buffer- 
soaked sterile gauze, followed by a small pore 
stainless steel screen (approx. 100 ttm mesh size), 

and was finally filtered through a nylon net of 40 
/~m mesh (Pharmacia Cat. No. 19-0659-01) to re- 
move cellular debris and mucous. Solid calcium 
chloride (CaC12) was added to each homogenate 
giving a final concentration of l0 raM, and the 
solution was stirred gently for l0 min to ensure 
aggregation of the endoplasmic reticulum, baso- 
lateral membrane and mitochondria. The mixture 
was centrifuged at 2000 × g for 10 min at 4°C in a 
Sorvall HS-4 refrigerated centrifuge. The resultant 
pellet (P~) was resuspended in 10 ml 50 mM 
mannitol in 2 mM Tris-HC1 buffer, pH 7.1, and 
retained for marker analysis. The supernatant (S~) 
was centrifuged at 27000 × g for 30 min at 4°C 
and the volume of resultant supernatant (S 2) was 
measured and an aliquot was retained for marker 
analysis. The pellet (P2) was resuspended in 2.0 ml 
of 50 mM mannitol in 2 mM Tris-HC1 buffer, then 
sonicated at 4°C for 10 s (5 bursts of 2 s each). The 
effectiveness of sonication in producing brush 
border vesicles was verified by placing a small 
droplet of suspension on a glass slide, then viewing 
under a microscope. The sonicated suspension was 
then layered on 40% Percoll TM in 0.12M NaC1, 
and was centrifuged for 30 min at 27000 × g and 
4°C. The Percoll TM formed a density gradient in 
which the brush borders layered into a tight band 
between densities of 1.015 and 1.055 g/ml.  The 
core material sedimented at densities of 1.090 to 
1.100 g /ml  (Fig. 2). A control tube with known 
density marker beads in 40% Percoll TM was run 
with each batch of samples and the density was 
related to the distance in mm measured from the 
base of the meniscus. The purified fraction was 
carefully removed with a Pasteur pipette and was 
subjected to ultracentrifugation in a Beckman 
Airfuge TM at 100000 × g for 30 min using a Batch 
Rotor of 7 ml capacity to remove the Percoll TM. 

The brush border fraction was carefully removed, 
mixed well, and aliquots put into small tubes for 
lipid extraction, marker analyses, and electron mi- 
croscopy. The samples were then stored at -20°C.  
When calcium was compared to magnesium aggre- 
gation [6,7], solid MgC12 (10 mM) was substituted 
for CaC12, and the procedure was as above with 
the following changes: tissue scrapings were ho- 
mogenized in 50 mM mannitol, 2mM Tris, 0.8 
mM EGTA buffer, pH 7.1. Aggregation with 
MgC12 was achieved by mixing for 10s with the 
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Fig. 1. Scheme of the procedure used to prepare purified jejunal and ileal brush border membrane vesicles described in Methods and 
Materials. 

Polytron homogenizer at a setting of '6'. The ho- 
mogenate was centrifuged for 5 min at 117000 X g 
to obtain pellet P1. The supernatant (SI) was 
centrifuged for 20 rain at 41000 × g  to obtain 
pellet P2. The entire procedure was carried out at 
4°C. 

Protein and enzyme markers. All fractions (PI, 

$2, P2, and Percoll T M  preparation) were assayed 
for protein according to the method of Lowry et 
al. [8] using crystalline bovine serum albumin as 
the standard, and for various enzyme markers of 
purity. Alkaline phosphatase and sucrase (in- 

vertase) were used as brush border membrane 
markers. Alkaline phosphatase was measured 
kinetically according to Bowers et al. [9] using 
p-nitrophenyl phosphate as substrate. Sucrase was 
assayed according to a modification of Dahlqvist 
[10] whereby the glucose formed was measured 
using the glucose-specific hexokinase reaction on 
the Abbott Bichromatic analyzer, ABA-100 [11]. 
The nuclear marker, DNA, was measured accord- 
ing to [12] the modification of Giles and Myers of 
the original method of Burton [13]. 

(Na + + K  +)-ATPase, chosen as the basolateral 
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Fig. 2. Standard density marker beads separated on a 40% 
Percoll TM gradient. Hatched areas indicate density ranges where 
brush borders and core material are separated. 

membrane marker, was measured kinetically by a 
coupled enzymatic method [14] as the difference 
between MgZ+-activated ATPase activities in the 
presence and absence of ouabain. The marker of 
lysosomal contamination, /3-glucuronidase, was 
measured fluorimetrically according to the method 
of Bell et al. [15]. Electron microscopy was per- 
formed by standard techniques utilizing osmium 
tetroxide. 

Total free fatty acids were measured in the 
Percoll TM and P2 preparations according to the 
method of Falholt et al. [16]. Total phospholipids 
were measured fluorimetrically [17] utilizing the 
fluorescent probe 1,6-diphenyl-l,3,5-hexatriene 
(DPH). A standard was prepared from a pooled 
Percoll TM preparation and its phospholipid con- 
tent was determined from 10 replicate measure- 
ments of inorganic phosphorus by the classical 
acid digestion, phosphomolybdate reaction [18] 
following Folch lipid extraction [19]. 

Results 

Preparation and isolation of brush border membrane 
vesicles 

The depth of removal of the intestinal mucosal 
surface is important in providing selective isola- 
tion of mucosal surface with a high relative con- 
centration of brush border membrane. We ascer- 
tained that gentle scraping with fine long strokes 
gave the best results, removing the tips of the villi 
and leaving the crypt cells virtually intact (Figs. 
3A and 3B). Similar results were obtained for 

j e j u n u m  and ileum. 
The use of a Polytron homogenizer gave com- 

plete homogenization of mucosal samples with 
minimal disruption of lysosomes, confirmed by the 
low/3-glucuronidase levels. Filtration of the homo- 
genate through buffer-soaked sterile gauze and a 
steel screen prior to the small pore 40 /~m nylon 
mesh, eliminated plugging of the mesh and pro- 
vided an easy means of eliminating mucous and 
cellular debris. 

The use of CaC12 to aggregate nuclei, 
mitochondria, basolateral membranes, and micro- 
somal material followed by centrifugation at low 
speeds was first described by Crane and co-workers 
in 1973 [4], thereby eliminating much of the con- 
tamination of brush border preparations with these 
organelles. By modifying centrifugation conditions 
to 30 min at 27000 × g, we were able to obtain a 
higher yield of P2 pellets. The introduction of a 
buffer wash step resulted in pure white P2 pellets 
with minimal loss of specific enzyme markers in- 
stead of the brownish pellets which resulted when 
no wash was used. The buffer wash step should 
also remove some of the calcium bound to the 
brush border and any residual calcium from the 
aggregation step. Sonication of resuspended P2 
pellets was sufficient to disrupt the membranes 
allowing them to form vesicles without disrupting 
lysosomes, as confirmed by the low concentration 
of the lysosomal marker /3-glucuronidase in the 
final preparations (Tables I and II). The measure- 
ment of sucrase and alkaline phosphatase in un- 
sonicated and sonicated I)2 preparations showed 
no difference for sucrase but a 3-fold increase of 
alkaline phosphatase in sonicated samples. 

We initially tried using Tris disruption of brush 
borders prior to glycerol gradient ultracentrifuga- 
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Fig. 3. Cross-section of rabbit jejunum before scraping (A) and after scraping (B) of the mucosal layer, showing that intestinal villi 
have been harvested above the level of crypts of Lierberkiihn. Hematoxylin and eosin stain. Magnification × 135. 

tion, but were dissatisfied with the poor yields 
obtained and the need to remove the Tris/glycerol 
to prevent interference with the biochemical 
analyses. Sonication was introduced, successfully 
eliminating the problem of sample dilution and 
variability in the disruption of prepared mem- 
branes. 

The use of Percoll T M  (Pharmacia), eliminating 
the need for tedious preparation of glycerol or 
sucrose gradients, resulted in a much higher yield 
of membranes which formed a tight heavy band 
between densities of 1.015 and 1.055, while the 
denser villus core and fibrous material sedimented 
at densities of 1.090 or more (Fig. 2). Percoll TM 

was tested at various concentrations ranging from 
25% to 50%; 40% Percoll TM gave the best separa- 
tion. Similar results were obtained for ileum and 

jejunum. At concentrations below 35% the brush 
border fraction separated as two diffuse bands, 
each having similarly high specific activities of 
alkaline phosphatase and sucrase (Table III). Thus 
it was assumed that several populations of brush 
border vesicles were present, having slightly differ- 
ent densities according to size and did not require 
subfractionation. Electron micrographs of our P2 
preparations (Figs. 4A and 4B) showed relatively 
pure preparations of bursh border membrane 
vesicles of variable sizes but similar shapes. 

Removal of Percoll T M  from purified prepara- 
tions was easily accomplished by ultracentrifuga- 
tion of the fraction whereby the heavy polymeric 
beads pelleted tightly leaving the brush borders in 
suspension. An alternative method of diluting the 
fraction with buffer prior to centrifugation was 
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TABLE III 

E N Z Y M E  M A R K E R S  IN BANDS OBTAINED F R OM  JEJUNAL PREPARATIONS USING T H R E E  C O N C E N T R A T I O N S  OF 
PERCOLL T M  

Percoll (%) Density Sucrase Alkaline phosphatase 
(g /ml )  

l .U. / f rac t ion  Spec. act. ~ l .U. / f rac t ion  Spec. act. ~ 

Je junum 
25% band I 1.012-1.048 5.44 907 20.8 3467 

band II b 1.110-1.137 6.40 1 600 26.3 6 575 
40% band I 1.019-1.055 5.88 1 176 6.7 1 950 

band II c 1.090-1.100 Low - Low - 
50% band I 1.019-1.055 6.02 669 53.0 6575 

band II c 1.090-1.100 Low Low - 

a Spec. act., specific activity in I .U . /g  protein. 
b Band II in 25% Percoll is an intermediate band. 
c Band II in 40% and 50% Percoll is core material. 

Fig. 4. Electron micrographs of brush border membrane  vesicles in P2 pellets of (A) je junum and (B) ileum. Micrographs prepared by 
~tandard techniques involving the use of osmium tetroxide following fixation of P2 pellets in 4% glutaraldehyde. Magnification 
× 37 500. (Courtesy of Dr. T.K. Shnitka, Professor of Pathology, Faculty of Medicine, University of Alberta). 
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found to be unsatisfactory for effective removal of 
Percoll TM. The vesicles in the purified Percoll TM 

preparations were similar to those in the P2 pre- 
parations but less densely packed because of 
volume dilution. (Figs. 5A and 5B) contamination 
with Percoll TM was sometimes noticed because of 
dense granules in the electron microscopic pre- 
parations and interference with the protein and 
alkaline phosphatase assays. Further removal of 
the Percoll TM was achieved by a subsequent 
centrifugation for 30 min at 100000 × g. 

Preparations made from fresh or frozen tissue 
scrapings stored at -70°C for periods of up to 
two months gave similar results for the activity of 
the enzymatic marker assays which were con- 
ducted within two days of the purification proce- 
dure. 

Protein and enzyme markers 
Marker methods with sufficient sensitivity to 

detect small amounts of contaminating materials 
in small volumes of sample were essential to con- 
firm the purity of the preparations. Of the marker 
methods used by Schmitz et al. [4], we adapted 
those for DNA, protein and sucrase, modifying 
the procedure for measuring glucose formed after 
Dahlqvist's classical incubation reaction for 
sucrase, by utilizing a hexokinase glucose-specific 
reaction on the automated Abbott ABA-100 bi- 
chromatic analyzer. A sensitive method for fl- 
glucuronidase was chosen using the fluorophore 
methylumbelliferone enabling us to detect levels of 
enzyme not picked up by others using less sensi- 
tive methods [4,7]. The ATPase method suggested 
by Schmitz and co-workers [4] lacked the sensitiv- 

Fig. 5. Electron micrographs of Percoil T M  fractions of brush border membrane vesicles prepared from (A)jejunum and (B) ileum. 
Magnification × 39000. The arrow points to coarse dark granular material though to represent residual Percoll TM. (Courtesy of Dr. 
T.K. Shnitka, Professor of Pathology, Faculty of Medicine, University of Alberta). 
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ity and reproducibility and was also subject to 
interference, which often resulted in negative re- 
sult for (Na + + K ÷ )-ATPase. The method adopted 
in our study involved a coupled enzyme assay of 
proven specificity, sensitivity, and reliability, sub- 
ject to few interferences [14]. 

The distribution of the various protein and 
enzyme markers in the individual fractions ob- 
tained throughout the course of the brush border 
membrane preparation procedures are indicated in 
Tables I and II, respectively. Fraction P~ contained 
essentially all of the DNA nuclear marker, and 
about one half of the (Na ÷ +K+)-ATPase activ- 
ity, whereas fraction S 2 contained the major pro- 
portion of the fl-glucuronidase and the remainder 
of the (Na ÷ +K+)-ATPase activity. Some DNA 
was invariably found in the P2 pellets, with small 
amounts of fl-glucuronidase and ( N a ÷ + K + ) -  
ATPase, indicating varying degrees of nuclear, 
lysosomal and basolateral membrane contamina- 
tion, respectively. 

The Percoll TM purification step successfully 
eliminated nuclear (DNA) and basolateral mem- 
brane (Na + +K+)-ATPase contamination while 
making only a slight difference to lysosomal (fl- 
glucuronidase) contamination. We have since been 
able to reduce the latter to less than 0.5% of the 
total fl-glucuronidase activity by decreasing the 
period of sonication to less than five seconds thus 

preventing lysosomal disruption, and by modify- 
ing conditions of the first centrifugation step from 
2000 × g to 3000 × g, eliminating any residual P~ 
contaminating material left in suspension. The level 
of purification according to specific activity, ex- 
pressed as International Units per g protein, in 
both P2 and Percoll TM preparations, was 8-11-fold 
for alkaline phosphatase and 9-11-fold for sucrase, 
compared to the original homogenate of jejunum. 
The levels of purification were slightly less for the 
ileum (Table II). 

Comparison of CaCI:- and MgCl2-treated prepara- 
tions 

A comparison of P2 pellets of brush border 
membrane vesicles obtained after CaC12 and 
MgC12 aggregation of portions of the same tissue 
samples from four different animals (Table IV) 
showed that CaC12 aggregation gave a slightly 
better yield in terms of protein, and a slightly 
lower but not significant total fatty acid and total 
phospholipid content, than was achieved by aggre- 
gation with MgC12. Lysophosphatidylcholine was 
not detected in either type of preparation by thin- 
layer chromatography. Immediate lipid extraction 
of purified preparations should avoid the problem 
of calcium activated phospholipase breakdown of 
phospholipids with concommitantly increased fatty 
acid levels, as reported by Hauser et al. [7] on 

TABLE IV 

CaCl 2 AGGREGATION VERSUS MgCl 2 AGGREGATION IN THE PREPARATION OF JEJUNAL BRUSH BORDER 
MEMBRANES 

Mean-+ S.E. The number of different tissues studied is given in parenthesis. 

P2 pellets Percoll prepn. (PP) 

CaCI 2 MgC12 CaCI 2 MgCI 2 

Protein (mg /g  wet wt.) 4.27-+ 1.38 (10) 3.00-- + 1 .17 (8) 3.04-+ 0.75 (4) 0.97-- + 0.33 (4) 
Total free fatty acids 

(nmol /mgpro te in)  65.2 --+20.7 (4) 91.1 -+ 17.9 (6) 204 +20.6 (4) 221 -+ 74.6 (6) 
Total phospholipids 

(nmol /mgpro te in)  57.1 -+ 8.7 (4) 65.3 -+ 7.4 (4) 64.7 -+9.1 (4) 94.6 + 26.2 (10) ~ 
(Na + + K  + )-ATPase 

( I .U. /g  protein) 21.0 -+21.8 (6) 329 -+ 139 (10) a 111 -+38 (4) 271 -+ 135 (10) 
fl-Glucuronidase 

( I .U. /g  protein) 0.52-+ 0.16 (6) 3.71-+ 1.60 (10) a 0.63 + 0.02 (4) 4.41-+ 1.18 (10) ~ 

a Mean values for CaCI 2 and MgCI 2 treatments were significantly different (P  <0.05). 
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storage of membranes prepared with CaC12 micro- 
somal aggregation, for periods of 24h at room 
temperature. The extremely high levels of (Na ÷ 
+K+)-ATPase observed in MgC12-treated pre- 
parations indicate considerable basolateral con- 
tamination. There was also significant lysosomal 
contamination in these preparations. The yield of 
brush border membranes in terms of protein and 
size of pellet obtained in magnesium preparations 
was less, and the Percoll TM separation was not as 
satisfactory as with the calcium prepared mem- 
branes. Whether this is related to the calcium 
aggregation of brush borders thus aiding with the 
centrifugation of a tight band as opposed to non- 
aggregation with magnesium is not presently 
known. 

Comparison of Pe pellet and Percoll TM preparation 
On comparing P2 pellets and Percoll prepara- 

tions prepared form jejunal scrapings with CaC12 
and MgC12 aggregation it was obvious that this 
final step using Percoll TM was in fact required. 
Mean values obtained for total free fatty acids and 
phospholipids, were considerably higher on a per 
mg protein basis in the Percoll TM preparations 
(Table IV) than in either CaC12- or MgC12-pre- 
pared P2 pellets. 

Discussion 

Procedures which have been tried for the pre- 
paration of brush borders are tedious, requiring 
large numbers of wash steps which can lead to the 
lack of precision, and give low recoveries with 
insufficient sample quantities for subsequent lipid 
analyses [2,3]. Less tedious procedures have been 
described [5,7]. However, they are considered un- 
satisfactory due to the presence of substantial 
amounts of DNA, (nuclear contamination), or 
(Na ÷ +K+)-ATPase and fl-glucuronidase (baso- 
lateral membrane and lysosomal contamination, 
respectively). 

We have described a simple and precise method 
for the rapid preparation of highly purified intesti- 
nal brush border membranes from rabbit jejunum 
and ileum, utilizing a Percoll TM self-forming gradi- 
ent. Results were practically identical for enzyme 
markers in preparations made from fresh or frozen 
tissue scrapings, a finding reported by others for 

human intestine [4,7] and rabbit kidney [6]. Elec- 
tron microscopy verified the absence of foreign 
contaminating material (Fig. 5). 

We originally anticipated that the P2 pellet 
would have been a satisfactory preparation, rather 
than the final Percoll TM purification. However, it 
was decided that the presence of substantial 
amounts of nuclear material and basolateral mem- 
brane in our P2 pellets (Tables I and II) in addition 
to the different levels of lipids (Table IV) when 
compared to Percoll TM preparations, necessitated 
the final Percoll TM purification step. The use of 
Percoll TM is simple, not requiring layering of vari- 
ous concentrations of gradient material. One might 
conclude from this data that there is a relatively 
higher lipid content in brush borders than in 
basolateral membrane, since the P2 pellet contains 
membrane contaminants other than brush borders. 
More important, however, is the fact that such a 
discrepancy in relative lipid composition of P2 and 
Percoll TM preparations from the same animals 
clearly demonstrates the need for a final purifica- 
tion step, enabling the subsequent detection of 
small differences in membrane chemical composi- 
tion. 

Despite a loss of approx. 50% of the protein 
following purification of P2 pellets with Percoll TM, 

the recovery of protein in the Percoll TM prepara- 
tions was of the order of that obtained by others 
with partially purified P2 preparations [4,20], and 
somewhat better than similar purified preparations 
obtained by tedious gradient separations involving 
ultracentrifugation [4,21]. 

Several markers were used to assess the purity 
of our membrane preparations. The procedures 
used for the various marker analyses were chosen 
for simplicity, specificity, reproducibility and 
sensitivity. Thus one could work with very small 
amounts of material, usually a volume of less than 
1.0 ml out of a total volume of 6 ml of Pecoll TM 

preparation, leaving the remainder for lipid 
analyses requiring larger volumes of material. 
Purification levels of approx. 10-fold for alkaline 
phosphatase and sucrase were obtained. These val- 
ues were slightly lower than those obtained with 
human intestine [4,22] but similar to those re- 
ported previously for rabbit intestine [23]. The 
discrepancy might be explained by the different 
experimental conditions of the alkaline phos- 



280 

phatase procedure [9,24]. Our experience with the 
use of two different buffer systems for alkaline 
phosphatase showed that this could result in 2-fold 
differences in activity. From this preliminary ob- 
servation, we decided to use the method estab- 
lished in our laboratory for routine patient serum 
alkaline phosphatase, using 2-amino-2-methyl-1- 
propanol buffer, and standardized our results 
according to an already established quality control 
procedure. 

Sucrase is considered to be the best specific 
enzyme marker for brush borders [3], and perhaps 
the slightly lower sucrase levels observed in our 
preparations could be due to species differences, 
or the presence of Tris buffer which has been 
reported to have an inhibitory effect on sucrase 
activity [21]. 

Others have reported the adequacy of P2 pellet 
preparations for subsequent lipid analysis [7]. We 
considered it necessary to continue the purifica- 
tion one step further, as was demonstrated by the 
removal of nuclear material (DNA), basolateral 
membrane, ((Na ÷ +K+)-ATPase) ,  along with a 
slight increase in sucrase to alkaline phosphatase 
ratio, and thus the achievement of a higher purity 
for the membrane preparation. 

Kessler and coworkers [20] have reported the 
presence of sucrase only on the luminal side of 
prepared membrane vesicles and suggested that 
closed vesicles are oriented luminal side out. How- 
ever, the majority of vesicles in our preparations 
are open-ended as shown by electron microscopy 
(Figs. 4A and 4B). The 3-fold increase of alkaline 
phosphatase activity observed in sonicated versus 
unsonicated preparations would suggest that al- 
kaline phosphatase on both inner and outer vesicle 
surfaces is accessible to substrate following sonica- 
tion. This difference was not seen with sucrase, as 
the enzymically active sites are totally confined to 
the outer membrane surface [20] and one would 
not expect to see a difference between sonicated 
and unsonicated preparations if both surfaces are 
accessible following sonication. 

Removal of mucous in our initial preparations 
was an important consideration since its presence 
could interfere with satisfactory purification. 
Freezing of tissue scrapings prior to processing 
apparently resulted in a breakdown of mucous 
material and facilitated its subsequent removal. 

The technique described for removing small 
amounts of mucous from the jejunum or ileum 
consisted of using a gauze screen and a small-pore 
mesh and was satisfactory for the small intestine. 
However, an attempt to apply this procedure to 
colonic mucosal material was unsuccessful because 
of the excessive amounts of mucous material nor- 
mally present in this tissue. 

Max et al. [21] found small amounts of B- 
glucuronidase in their preparations, even after 
spinning on two gradients, which resulted in low 
yields of purified material, and Schmitz et al. [4] 
reported less contamination of his P2 preparations 
with fl-glucuronidase than we discovered. Small 
amounts of B-glucuronidase persisted even into 
our Percoll TM preparations. 

There are two schools of thought on the use of 
calcium or magnesium as an aggregating agent. 
Those favouring magnesium [7] are concerned 
about possible phospholipase activation by calcium 
and breakdown of phospholipid to lysophospha- 
tides. On the other hand, those favoring calcium 
aggregation [6] are concerned about the greater 
contamination of magnesium preparations with 
basolateral membranes and lysosomal material. In 
this study, calcium aggregation of microsomal 
material was superior to MgC12; with CaC12 ag- 
gregation, there was a higher yield and greater 
specific activities of enzyme markers, less con- 
tamination with lysosomes and basolateral mem- 
branes. The band on Percoll TM is tighter with 
CaC12 than MgC12. The concentration of buffer 
and time of aggregation is critical with MgCI2, in 
order to prevent indescriminate aggregation of 
brush borders and microsomal material in contrast 
to aggregation with CaC12. Aggregation with CaC12 
is also more highly selective for lysosomes. Finally, 
the levels of free fatty acids were lower with calcium 
than with magnesium. Thus it was decided that 
CaC12 was probably the most reliable aggregant to 
use for our preparations and all future prepara- 
tions would be extracted immediately following 
purification for subsequent lipid analysis. 

Indeed, we were surprised to find fatty acids in 
the membrane preparations, as one would not 
normally expect free fatty acids to be present as 
structural components of the intestinal brush 
border. There remains, however, the possibility 
that fatty acids are in absorptive transit across the 



intestinal mucosa at the time of sampling and are 
not an integral part of the brush border structural 
architecture. This point awaits further study. 

The ileum gave qualitatively similar results to 
the jejunum in terms of yield and recovery of 
protein. However, quantitative purification of al- 
kaline phosphatase and sucrase, expressed as ratios 
of P2/Homogenate and Percoll TM preparation/ 
Homogenate was slightly less than for the jejunum. 
This may have been due to slightly different 
mucosal cell sized populations, resulting in dif- 
ferences in density separation. This suggestion is 
supported by the finding that the Percoll TM band 
from the ileum was usually more diffuse than the 
comparable band seen with the jejunum. Alterna- 
tively, there may be actual differences in the 
mucosal cellular content of sucrase and alkaline 
phosphatase in the ileal brush borders as com- 
pared with the jejunum. 

In conclusion, the use of Percoll TM in density 
gradient purification of brush borders is a signifi- 
cant improvement over other available types of 
gradients. The removal of Percoll TM is simple and 
straight forward, facilitating the processing of a 
number of tissue samples in a very short period of 
time, thus enabling one to prepare lipid extracts 
on the same day. Standard methods of membrane 
preparation not involving density gradient separa- 
tion may provide membranes of reasonable purity 
for the approximation of lipid components. How- 
ever, our results indicate the final purification step 
involving Percoll TM is essential for determining 
small changes which might occur in the membrane 
on exposure to small amounts of lipid materials. 
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