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Isolation of purified brush-border membranes from rat jejunum
containing a Ca’*-independent phospholipase A , activity
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A novel phospholipase activity was recognized in intact, rat jejunal brush-border membranes and its effect on
membrane lipid composition was evaluated following various incubation protocols. Brush-border membranes
were isolated from mucosal scrapings by a combination of existing techniques. A brush-border plus nuclei
fraction was first prepared by homogenization and low-speed centrifugation in isotonic mannitol, in the
presence of 5 mM EDTA. Brush-border membrane vesicles were isolated from this fraction by homogeniza-
tion, followed by precipitation of the remaining undesired membranes with 10 mM CaCl,. Membranes were
judged to be highly purified by marker enzyme content, protein profile, and electron microscopy. In total
lipid extracts, prepared immediately following membrane isolation, the ethanolamine phosphatides were
found to be the major phospholipid class, accounting for nearly 45% of the total lipid phosphorus. Storage of
the intact membranes, at either room temperature or at ~20°C, but not at —70°C, resulted in a gradual
and progressive hydrolysis of phosphatidylethanolamine to lysophosphatidylethanolamine. Over 60% of the
total ethanolamine phospholipid was converted to the lyso form during a 2 week storage period. Incubation
of the intact membranes at 37°C produced a similar effect in one hour. Only small amounts of other
glycerophospholipids were degraded under these conditions. Hydrolysis was specific for the sn-2 position as
more than 80% of the fatty acids in the lysophosphatidylethanolamine were found to be saturated.
Substitution of MgCl, for CaCl, in the precipitation step did not block the hydrolysis. It was concluded that
rat brush-border membranes contain a Ca’*.independent phospholipase A , with a high substrate preference
for phosphatidylethanolamine. The physiological significance of this enzyme is not known.

Introduction

Various phospholipase activities have been de-
scribed in the intestinal mucosa (Refs. 1-4, and
references therein), but the function, subcellular
location, and positional and substrate specificities

Abbreviations: EDTA, ethylenediaminetetraacetate (disodi-
um); EGTA, ethyleneglycol bis(8-aminoethyl ether)-N,N'-te-
traacetic acid; GLC, gas-liquid chromatography; Hepes, 4-(2-
hydroxyethyl)-1-piperazinecthanesulphonic acid; PC, phos-
phatidylcholine; PE, phosphatidylethanolamine; PI, phos-

of most remain uncertain. Specifically, phos-
pholipases in the brush-border membrane of the
villus enterocyte have been examined only to a
limited extent. Subbaiah and Ganguly [1] provided
the first evidence that a phospholipase A, was
associated with the rat membrane, but conclusive
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documentation was lacking. Enzyme activity was
equally distributed between a partially purified
brush-border fraction and a ‘microsomal’ fraction,
although the brush border had the higher specific
activity. The enzyme was maximally active at pH
8.6 in the presence of deoxycholic acid, and was
stimulated only slightly by Ca”*. Phospholipase
activity has also been demonstrated in the rabbit
brush-border membrane. Hauser et al. [5] reported
that membrane vesicles prepared from fresh or
frozen tissue by the Ca?*-precipitation technique
[6,7] contained high levels of lyso-PC, lyso-PE,
and free fatty acids. These levels were presumably
the result of a Ca?*-activated phospholipase be-
cause substiuttion of Mg2* and EGTA for Ca2*
resulted in membranes with low lysophospholipid
and free fatty acid levels. These claims could not
be confirmed by Aubry et al. [8], who re-examined
the composition of the rabbit brush border. Al-
though membrane vesicles obtained with Mg?* or
Mg?*-EGTA were less pure than Ca?*-prepared
vesicles, similar levels of lysophospholipids and
free fatty acids were detected in all three prepara-
tions. They concluded that, while Ca?* could
potentially activate phospholipase A, and pro-
mote degradation of endogenous phospholipids, it
did so only to a limited extent. Further, Aubry et
al. [8] suggested that exposure of membranes to
adverse conditions, such as freezing and thawing,
could be the reason why high levels of
lysophospholipids are sometimes obtained in the
Ca’*.prepared vesicles [S]. The present study
demonstrates that an intrinsic, Ca?*-independent,
phospholipase A, activity in the rat jejunal
brush-border membrane is responsible for phos-
pholipolysis during membrane storage, incuba-
tion, and possibly preparation. A preliminary re-
port has appeared [9].

Materials and Methods

Materials. Glucose oxidase (Aspergillus niger,
grade 1), peroxidase (horse radish, enzyme im-
munoassay grade) and ouabain (g-Strophanthin)
were purchased from Boehringer Mannheim
Canada Ltd. (Dorval, Que.). Hepes, p-hydroxy-
benzoic acid, 4-aminoantipyrine and bovine serum
albumin (fatty acid free) were from Sigma Chem-
ical Co. (St. Louis, MO). 4-Nitrophenyl disodium
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orthophosphate and 4-nitrophenol (spectrophoto-
metric grade) were from BDH Chemicals, Canada
Ltd. (Toronto, Ont.). Reagents and molecular
weight standards for SDS-polyacylamide gel elec-
trophoresis were from Bio-Rad Laboratories
Canada Ltd. (Mississauga, Ont.). Silica gel H
(Merck 60 H) was obtained from Terochem
Laboratories Ltd. (Mississauga, Ont.). All other
chemicals and solvents were of reagent grade or
better quality and were obtained from local sup-
pliers.

Animals. Male Wistar rats (Charles River
Canada Inc., LaSalle, Que.), weighing 250-300 g,
were used. They were allowed free access to
laboratory chow and water and were housed un-
der conditions of controlled illumination. All
surgical procedures began between 9 and 10 am.

Preparation of brush-border membranes. Rats
were anesthetized with diethyl ether and ex-
sanguinated via their abdominal aortae. The small
intestine, between the ligament of Trietz and the
ileocecal junction, was isolated and divided into
thirds. The proximal two-thirds were removed and
placed into ice-cold 0.9% NaCl, 2 mM Hepes (pH
7.1) (Buffer I). All manipulations from this point
on were carried out at 4°C, on ice or in a cold
room. The luminal contents were removed from
the gut tubes by flushing, once from each end,
with 20 ml of Buffer I. Each tube was tied at one
end and everted over a stainless steel micro-
spatula; then the mucosa was scraped off with 5
or 6 passes of Teflon-coated forceps as described
by Hoffman and Kuksis [10]. The mucosal scrap-
ings from 2-4 rats, collected in approx. 200 ml of
300 mM mannitol, 5 mM EDTA, 5 mM Hepes
(pH 7.1) (Buffer II), were homogenized in a War-
ing blender, set at low speed (power setting of 50
on a Powerstat), for 35 s. The homogenate was
then gently filtered through a single layer of gauze
(Nu Gauze®, Johnson and Johnson Inc., Toronto)
followed by a double layer of 111 um pore size
polyethylene mesh (Spectromesh PE, Spectrum
Medical Industries Ltd., Los Angeles, CA), to
remove mucus and fat particles. Following re-
moval of an aliquot for enzyme assay, the homo-
genate was centrifuged at 1500 X g for 5 min in 50
ml polyethylene centrifuge tubes. The resulting
pellets were washed twice by homogenization in
80 ml of Buffer II, with 7 strokes of a motor-driven
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Potter-Elvehjem homogenizer fitted with a Teflon
pestle (Thomas, B size, A.H. Thomas Co. Phila-
delphia, PA), and centrifugation at 1500 X g for 5
min. An aliquot of the combined supernatants was
kept for enzyme assay, while the remainder was
saved for further fractionation (mitochondria, mi-
crosomes or cytosol preparation). The final
washed, soft pellets were used for brush-border
membrane preparation, essentially by the
Ca’*-preparation technique [6,7]. Briefly, the pel-
lets were homogenized in 100 m! of 50 mM man-
nitol, 2 mM Hepes (pH 7.1) (Buffer III) in a
Waring blender, set at full speed (power setting of
120 on a Powerstat), for 2 min. Following the
addition of 1 M CaCl,, to a final concentration of
10 mM, and a further homogenization of 15 s, the
resulting homogenate was stirred slowly for 20
min on ice. Extraneous material was removed by
centrifugation at 2500 X g for 10 min (Sorvall
SS34 rotor). Membrane vesicles were pelletted
from the resulting supernatant by centrifugation
at 27000 X g for 30 min (Sorvall SS34). They were
then washed once in 40 ml of Buffer III, and
finally suspended in 5-10 ml Buffer II1. In some
instances, MgCl, was used in place of CaCl, [17].

Enzyme assays. Sucrase activity was assayed
using 0.06 M sucrose, in a final volume of 1 ml
[11]. The reaction was terminated after 15 min by
adding 2 ml of glucose assay reagent, prepared in
1 M Tris-HCI (pH 7.0) to inhibit sucrase [12].
Liberated glucose was assayed using glucose
oxidase and peroxidase, in the presence of 4-
aminoantipyrine and p-hydroxybenzoate (Wor-
thington Diagnostics, Statzyme Glucose 500 nm,
Milipore Corporation, Toronto). Alkaline [13,14]
and acid [14,15] phosphatases were estimated by
measuring the hydrolysis of 4-nitrophenyl phos-
phate. Succinate dehydrogenase [16] and
ouabain-sensitive, K *-dependent phosphatase ac-
tivity [17] were assayed according to established
procedures. All assays were completed on the day
of membrane preparation.

Storage and incubation conditions. Freshly pre-
pared vesicles, suspended at a concentration of
1-2 mg protein/ml in Buffer III, were stored
under several experimental conditions. Mem-
branes were quick-frozen in a dry ice-methanol
bath and stored at —20 or —70°C. Membranes
incubated at 23° C were left at room temperature

and those assessed at 37°C were shaken in a
rotory water bath. In some instances 0.1 M EDTA
(pH 7.1) was added, to a final concentration of 10
mM, prior to freezing or incubation. Experiments
were terminated by performing total lipid extrac-
tions.

Lipid extraction. Brush-border membrane lipids
were extracted by a modification of the method of
Folch et al. [18]. Membranes, suspended in Buffer
I11, were added to at least 5 volumes of methanol
in a test tube. Following mixing, chloroform was
added to give a final chloroform to methanol ratio
of 2:1 (v/v). This mixture was vortexed and
partitioned into an upper and lower phase by
adding 0.9% NaCl, to give a final aqueous to
organic solvent ratio of 1:5 (v/v). After vortexing
well and allowing the phases to separate, the lower
phase was removed and passed through anhydrous
sodium sulphate into a round bottom flask. The
remaining upper phase was then re-extracted once
with a volume of ‘synthetic’ lower phase (chloro-
form/ methanol/0.58% NaCl, 86:14:1, by v/v)
equal to that of the original lower phase. The
resulting second lower phase was combined with
the first and concentrated to dryness in vacuo.
The lipid residue was then transferred to a 7 ml
vial with chloroform/methanol (2:1, v/v) and
stored at —20°C for further use.

Lipid analyses. Phospholipid classes were
resolved by TLC on silica gel H plates prepared
with 1 mM EDTA [19]. The plates were developed
in chloroform/ methanol / acetic acid/ water
(50:35:8:4, v/v) (modified from Ref. 20) and
the resolved lipids were located by spraying with
2’,7’-dichlorofluorescein in methanol {21}, or with
the acid molybdate reagent of Dittmer and Lester
[22] prior to phosphorus assay. The above TLC
system effectively separated lyso-PC and lyso-PE
from other major phospholipids, but failed to
resolve PS and PI into individual bands. In some
cases the combined PS/PI band was assayed for
total phosphorus content. In other instances the
PS/PI mixture was eluted from the silica gel [23]
and resolved into separate components by TLC on
silica gel H plates prepared with 3% aqueous
magnesium acetate [24]. For this purpose the plates
were developed in chloroform/ methanol/ 7%
NH,OH (65:35:6.5, v/v). Phospholipids were
quantitated by phosphorus determination {25] di-



rectly on the silica gel scrapings. Fatty acid methyl
esters were prepared from the individual phos-
pholipid bands by transmethylation, using 6%
H,S0, in methanol [21], in the presence of the
silica gel. The methyl esters were separated, identi-
fied, and quantitated by GLC [26]. Cholesterol
and free fatty acids were also quantitated. A total
lipid extract, corresponding to a known amount of
protein, was mixed with an internal standard (tri-
decanoylglycerol) and resolved into neutral and
polar lipids using the acidic TLC system. The
neutral lipid fraction, which migrated with the
solvent front, was eluted from the gel [23], sily-
lated, and chromatographed on a non-polar GLC
column, as described by Myher and Kuksis [27].

Other methods. Proteins were determined, fol-
lowing precipitation with deoxycholate and tri-
chloroacetic acid, using the Peterson adaptation
[28] of the Lowry method [29]. Bovine serum
albumin was used as the protein standard. SDS-
polyacrylamide gel electrophoresis was performed
under reducing conditions on 10% polyacrylamide
gels by the procedure of Laemmli [30]. Samples
for electrophoresis were prepared by precipitation
as described above. The precipitates were washed
once with ice-cold acetone, the residues being
dissolved directly in sample buffer. Samples for
electron microscopy were pelletted in 400 pl poly-
ethylene tubes by centrifugation at 15000 X g for
15 min in an Eppendorf microcentrifuge (Brink-
man Instruments Ltd., Toronto). The resulting
pellet was fixed with glutaraldehyde and processed
for electron microscopy using standard tech-
niques.

Results

Membrane characterization

In the present study, initial homogenization of
the mucosal scrapings was done in an isotonic
mannitol buffer containing 5 mM EDTA (Buffer
1I). Homogenization conditions were chosen that
effectively disrupted the cells but left the brush-
border region intact. Low-speed (1500 X g)
centrifugation of this homogenate yielded a com-
bined supernatant fraction containing more than
74% of the total protein (Table I), and a pellet
fraction containing more than 75% of the sucrase
activity. When this pellet fraction was used as a

81

starting material for brush-border membrane pre-
paration, most of the remaining protein was ag-
gregated in the presence of 10 mM CaCl, and
pelletted by centrifugation at 2500 X g. Approxi-
mately 50% of the total sucrase activity, but less
than 2% of the total protein, was recovered in the
final brush-border membrane pellet.

Based on the specific activity of sucrase (a
brush-border marker), the membranes were puri-
fied 28.5-fold when compared with the initial ho-
mogenate (Table II). Contamination by other sub-
cellular organelles was very low. Succinate dehy-
drogenase (a mitochondrial marker), and K™-
stimulated phosphatase (a basolateral membrane
marker), were significantly reduced in the final
preparation. There was a small increase in the acid
phosphatase content of the final membranes.

The protein profile of the purified brush-border
membrane (Fig. 1, lanes 6 and 7) showed the
characteristic prominent bands due to the
sucrase-isomaltase complex and also a distinct
band due to actin [7,31]. The sucrase-isomaltase
bands, which had been barely discernible in the
total homogenate (lane 1), were visible in the
1500 X g pellet (lane 3), and were the major bands
of the final preparation.

The membranes were found to be vesicular in
structure with a heterogenous size distribution,
but otherwise homogenous in appearance, when

TABLE I

DISTRIBUTION OF SUCRASE ACTIVITY AND TOTAL
PROTEIN DURING BRUSH-BORDER MEMBRANE PRE-
PARATION

Membranes were purified and aliquots from each step were
assayed for sucrase activity and proteins as described in
Materials and Methods. Results are expressed as the per-
centage of total activity/protein in each fraction, relative to
that in the original homogenate (set at 100%), and are the
mean +8.D. for five different membrane preparations.

Fraction Relative percentage
sucrase protein
activity

Combined 1500 X g supernatant 13.1+43 742470

Final 1500 X g pellet 76.5+85 152129

Ca®*.aggregated, 2500 % g pellet ~ 19.9+32 11.0+17

27000 X g supernatant 1.81+0.7 0.6+0.5

27000 X g pellet, final membranes 49.6+6.3 1.7+0.3
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TABLE 11

MARKER ENZYME CONTENT OF PURIFIED
BRUSH-BORDER MEMBRANES

Results are enzyme specific activities and are expressed as
pmol/mg protein per min, except for succinate dehydrogenase
and K *-stimulated phosphatase, which are expressed as A 44y
per mg and nmol/mg protein per min, respectively. Values are
mean+S.D. of determinations from at least four different
membrane preparations.

Homogenate Brush-border Ratio

(Ho) membrane BBM /Ho
(BBM)
Sucrase 0.068 +0.01 1.94 +0.056 28.5
Alkaline
phosphatase * 123 +0.14 178 +159 145
Succinate

dehydrogenase 0.134+0.01
K *-stimulated

phosphatase 532 £020 290 +£1.67 05
Acid phosphatase 0.03 +0.003 006 +0.023 20

0.009+0.007 0.1

2 In order to prevent enzyme inactivation by chelation with
zinc, the homogenate value for alkaline phosphatase was
obtained from mucosal scrapings prepared in the absence of
EDTA.

examined by transmission electron microscopy
(Fig. 2). They appeared to be right-side out, with a
‘fuzzy’ external surface and a fibrous interior, and
had an average diameter of 100 nm. Some vesicles
were long and thin in shape, similar to the intact
microvilli which were originally present on the
cell. There were no signs of membranes which
could be attributed to other subcellular fractions.

Lipid composition

Results presented in Table 111 show the lipid
class composition of the purified membranes. In
total lipid extracts of freshly isolated membranes,
cholesterol was the major neutral lipid, accounting
for 74% of the total on a molar basis. Free fatty
acids (11%), plant sterols (13%), and monoacyl-
glycerols (1%) were also present. Higher acylglyc-
erols and cholesterol esters were not detected.
Glycosphingolipids were also found but were not
quantitated as shey were incompletely extracted
by the Folch procedure [32]. Phospholipids were a
major component of the brush-border membrane
(265 nmol/mg protein), giving a phospholipid to
cholesterol molar ratio of 1.2. The phospholipid
distribution (Table IV) indicated that ethanola-

92.5
66.2

45

At ey

21.5 ~
- ey

Fig. 1. SDS-polyacrylamide gel electrophoresis of the various
fractions obtained during membrane preparation. Electro-
phoresis performed as described in Materials and Methods.
Bands visualized with Coomassie blue R-250. 100 ug of protein
applied to each lane, except lane 7, which received 50 ug. The
mobilities of molecular weight standards (M, X10~?) are indi-
cated down the left margin. Lane 1: total homogenate; lane 2:
combined 1500 X g supernatant; lane 3: final 1500 X g pellet;
lane 4: 2500 X g peliet; lane 5: 27000 X g supernatant; lanes 6
and 7: final brush-border membranes. I: isomaltase-rich band;
S: sucrase-rich band; A: actin-rich band.

mine (44.3%) and choline (31.3%) phosphatides
were the major components, with the lysophos-
pholipids making significant contributions (11.2%
of total phosphorus).

Phospholipolysis during storage and incubation
There was a gradual and progressive accumula-
tion of lyso-PE upon storage at room temperature
or at —20°C (Table V). None of the other phos-
pholipids were similarly hydrolyzed during stor-
age. There was a small increase in the lyso-PC
content following 2 weeks at —20°C; during this
period less than 15% of the total PC was hydro-
lyzed. Over 60% of the total ethanolamine phos-
pholipid was present as lyso-PE following 2 weeks
of storage at —20°; there was no detectable in-
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Fig. 2. Transmission electron micrograph of the final membrane preparation. Membranes were fixed as a pellet and prepared for
electron microscopy by standard techniques. Magnification: X 75240, reduced in reproduction. Bar equals 250 nm.

TABLE III

LIPID COMPOSITION OF PURIFIED BRUSH-BORDER
MEMBRANES

Lipids were extracted immediately following membrane isola-
tion and analyzed as described in Materials and Methods.
Values represent the mean + S.D. of analyses done on at least
four different membrane preparations.

Lipid class g/ mg protein
Cholesterol 845+1.8
Total sterols ® 97.8+£2.5
Monoacylglycerols 1.2+0.02
Free fatty acids 114124
Lipid phosphorus 8§2+13

2 Cholesterol and other sterols, primarily the plant sterols
campesterol and B-sitosterol.

TABLE IV

PHOSPHOLIPID DISTRIBUTION OF PURIFIED
BRUSH-BORDER MEMBRANES

Total lipid extracts were prepared immediately following mem-
brane isolation. Phospholipids were separated by TLC and
quantitated by phosphorus content, as described in Materials
and Methods. Results are expressed as % of total lipid phos-
phorus, and are the mean+S.D. of analyses done on eight
different membrane preparations.

Phopsholipid % of total
Lysophosphatidylcholine 43+138
Sphingomyelin 7.0+0.8
Phosphatidyicholine 26.8+42
Lysophosphatidylethanolamine 6.9+0.9
Phosphatidylserine 11.2+11
Phosphatidylinositol 6.410.7
Phosphatidylethanolamine 374143
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TABLE V

EFFECT OF STORAGE OR INCUBATION ON
BRUSH-BORDER MEMBRANE LYSOPHOSPHATIDYL-
ETHANOLAMINE CONTENT

Membranes, suspended in Buffer 111, were subjected to various
conditions of storage and incubation as described in Materials
and Methods. Total lipid extracts were then prepared and
phospholipids were separated and quantitated as described in
Table IV. Results are expressed as the ratio of lyso-PE to total
ethanolamine phospholipid, and are the mean+ S.D. (for n =
3-20) or the mean + range /2 (for n = 2) of (n) different mem-
brane preparations.

Treatment Percentage n
lyso-PE
(PE +lyso-PE)
None, extracted fresh 141+£25 20
15dat —20°C 327405 3
5~6dat —20°C 451427 3
5dat —20°C, Mg®*-prepared BBM 43.8+1.0 2
2wkat —20°C 62.1+6.7 5
2wkat -70°C 138423 5
1.5dat23°C 347450 3
1hat37°C 29.5+3.9 4
1hat37°C+10 mM EDTA 12.8+2.5 "2
6dat ~20°C+10 mM EDTA 121+04 2
Boil 3 min; then 6 d at —20°C 12.940.6 2

crease in lyso-PE following a similar storage at
—70°C. The extent of hydrolysis following 1.5
days of storage at 23°C was not significantly
different from that observed at —20°C. In con-
trast, a similar level of hydrolysis was observed
following only 1 h of incubation at 37° C. Heating
the membranes, for 3 min in a boiling water bath,
abolished any lyso-PE increase during subsequent
storage. Adding 10 mM EDTA to the storage or
incubation buffer blocked phospholipase activity.
Activity was also partially inhibited by storage in
the presence of S mM CaCl, (not shown). Mem-
branes prepared with MgCl, displayed phos-
pholipase activity during storage, which was equal
to that of Ca?*-prepared membranes. These re-
sults indicated that the PE hydrolysis did not
require exogenous Ca’* ions, and suggested that
the EDTA inhibition was due to an as yet unex-
plained membrane, or substrate, effect, rather than
to chelation of an essential metal cofactor. In
support of this, we have shown that an EDTA-re-
sistant, Ca®*-independent phospholipase A, can

be solubilized from the brush-border membrane
with bile salt detergents (Pind, S. and Kuksis, A.,
unpublished results). There was no evidence for
the presence of a second, Ca%*-dependent enzyme
in the solubilized preparation. This also eliminated
the possibility that the Ca’*-dependent, luminal
phospholipase A, was merely adsorbed non-
specifically to the membrane during homogeniza-

TABLE VI

FATTY ACID COMPOSITION OF THE BRUSH-BORDER
MEMBRANE PHOSPHOLIPIDS

Fatty acid methyl esters were prepared from TLC purified
phospholipids and analyzed by GLC as described in Materials
and Methods. The values for lyso-PE were obtained from
membranes which had been stored at —20°C for 5 d. All the
other values were from membranes extracted immediately fol-
lowing isolation. The results are expressed as the average of
duplicate determinations. Values less than 0.1% have been
omitted. Sph, sphingomyelin; DMA, dimethylacetal.

Fatty acid Composition (mole%)
Sph PC PS PI PE lyso-PE

14:0 09 06 01 02 01 03
15:0 09 08 02 03 01 02
16:0 DMA 0.6 0.6
16:0 755 264 24 136 7.3 153
16:1(n-7,n—-9) 01 09 064 02 03 @1
17:0 1.1 06 06 09 07 15
18:0 DMA 16 15
18:1(n -9, n =T

DMA 03 09
18:0 51 168 422 263 311 622
18:1(n—=9,n—7) 1.7 9.7 168 76 108 99
18:2(n —-6) 0.7 290 191 110 178 1.9
20:0 DMA 09 09
20:0 33 05 12 40 05 09
18:3(n —3) 02 02 01 02
20:1(n-9) 04 04 01 05 05
21:0 37 08 01 06 02 02
20:2(n —6) 04 05 04 03 03
20:3(n —6) 07 25 21 11 01
22:0 28 05 11 30 05 06
20:4(n —6) 83 67 235 159 09
22:(n—9) 02 03 02 01 03
23:0 1.1 03 02 05 01 041
20:5(n—3) 14 06 11 19 01
24:0 16 03 03 12 02 03
22:4(n~6) 05 13 13
24:1(n -9) 15 03 03
22:5(n—6) 0.2 0.2
22:5(n ~3) 02 08 06 15 01
22:6(n —3) 06 22 12 39 03




tion. In any event, washing the final membranes
in Buffer III containing 150 mM NaCl, prior to
storage, had no effect on the subsequent phos-
pholipolysis. Phospholipase activity due to
bacterial growth during the storage period was
excluded by storage in the presence of 0.1% sodium
azide. In those samples that had a high value of
lyso-PE, there was a corresponding decrease in PE
and a corresponding increase in free fatty acids.

The fatty acid composition of lyso-PE differed
greatly from that of PE (Table VI). Lyso-PE con-
tained more than 80% saturated acids and virtu-
ally no polyunsaturated acids, which were present
in the parent PE. This indicated that the sn-2
position of PE had been cleaved to yield sn-1-
acyl-lyso-PE, a product known to contain saturated
fatty acids [21]. The other membrane phospholi-
pids each had a distinctive fatty acid profile, dif-
ferent from both PE and lyso-PE. Dimethylacetals
of 16, 18, and 20 carbons were present in PE and
lyso-PE, denoting the presence of ethanolamine
plasmalogens. The dimethylacetal content in the
lyso-PE was not increased to the same extent as
that of the saturated fatty acids, suggesting that
the plasmalogen PE was not hydrolyzed as readily
as the diacyl-PE.

Discussion

Membrane isolation

In most procedures for brush-border membrane
purification, contaminating membranes are pre-
cipitated from mucosal homogenates with either
10 mM CaCl, or MgCl, and discarded (Refs.
5-7; for review see Ref. 31). Mg?*-prepared mem-
branes have been reported to be both heteroge-
nous [33] and less pure [8,34] than those prepared
with Ca®*. Qur initial attempts at applying these
techniques to rat mucosal scrapings yielded vesicles
with less than acceptable purity, possibly due to
the large amount of mucus present in rat intestine
[35]. We eventually settled on the purification
scheme described in the present report, the ad-
vantages of which are two-fold. First, membrane
vesicles were obtained in high purity and yield
and, second, other subcellular fractions could be
obtained from the same total homogenate.

Miller and Crane [36] originally showed that in
the presence of 5 mM EDTA the intact brush
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border is stable to osmotic and mechanical forces,
and is easily isolated by low-speed centrifugation.
Furthermore, following gentle homogenization in
an isotonic sucrose buffer, the brush border sedi-
ments with nuclei [11,37]), whereas with more
vigorous homogenization conditions, more than
90% sediments with mitochondria and microsomes
[37]. In the present scheme, the stability of the
brush border in Buffer II provided a means of
removing most of the contaminating cellular
organelles before attempting the Ca’*-precipita-
tion step. This method resulted in the isolation of
a white, membrane pellet with sucrase activity
enriched 25-30-fold and recovered in 45-50%
yield. Although purification factors ranging from
10 to 31 and recoveries of 20 to 50% have been
reported [5-8,34,38-40], in most cases the combi-
nation of high purity and high yield was not
achieved. The final sucrase specific activity of 1.94
was higher than that reported for most prepara-
tions of rat {34,38] or rabbit [5,7] membranes. In
one other preparation [41], rat sucrase activity has
been purified 100-fold with a recovery of 20% by
treatment with thiocyanate ions. This treatment
removes most of the extrinsic proteins, including
cytoskeletal proteins, which are trapped in the
interior of most vesicle preparations. Alkaline
phosphatase was purified to a lower extent than
sucrase in the present preparation, consistent with
the belief [33,42,43] that alkaline phosphatase oc-
curs in membranes other than the brush border.
Acid phosphatase activity in the final preparation
may indicate a low level of lysosomal contamina-
tion. However, this enzyme also occurs in several
enterocyte membrane populations [43].

Lipid composition

The lipid composition of the present prepara-
tion agrees qualitatively with several earlier re-
ports for both rat [5,38,44-46] and rabbit [5,8]
brush-border membranes. Quantitatively similar
values to the present estimates of cholesterol con-
tent have been reported [38,45,46], but no distinc-
tion was made between cholesterol and plant
sterols. The phospholipid content is higher than
that in many previous reports [8,34,38,44-46], but
similar to the value obtained by Hauser et al. [5].
The phospholipid distribution agrees with the
earlier claims [5,8,45] that PE is the major phos-
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pholipid class of the brush-border membrane. This
constitutes a characteristic difference between this
membrane and the total mucosa [44], or the baso-
lateral membrane [46], in which PC is the pre-
dominant phospholipid. The fatty acid composi-
tion of the individual phospholipid classes can be
compared only qualitatively with earlier reports of
total lipid, or total phospholipid, fatty acids
[45,47]. Previously, plasmalogens were reported to
be absent from the rat brush border [45], but have
been found, together with alkylacylglycerophos-
pholipids, in rabbit membranes [5]. In the present
study, plasmalogens were detected in both PE and
lyso-PE by the presence of dimethylacetals follow-
ing acid catalyzed transmethylation. The free fatty
acid content of the present membranes was slightly
lower than that reported by Forstner et al. [45]
and Aubry et al. [8] and much lower than that re-
ported by Hauser et al. [5] and Yakymyshyn et al.
[34]. High free fatty acid levels would have been
expected if extensive phospholipid breakdown
had occurred during membrane preparation [5].

Evidence for an intrinsic phospholipase A,

The present report demonstrates that highly
purified brush-border membrane vesicles contain
a novel phospholipase A,, which reproducibly
causes preferential PE hydrolysis during mem-
brane storage, incubation, and possibly during
preparation. How this membrane-bound enzyme
functions, in vivo, and its mode of regulation are
not known. Our results indicated that the enzyme
was Ca’*-independent. Although most phos-
pholipases A, studied to date require Ca®* as a
specific cofactor [48), the presence of Ca’*-inde-
pendent enzymes has been recently established in
both heart [49] and lung [50]. The possibility re-
mains that small amounts of tightly bound, endog-
enous Ca’* ions were not removed by Buffer 11
and were sufficient to stimulate activity in the
Mg?*-prepared vesicles (Table V). It is also possi-
ble that Mg?* stimulates the enzyme as well as
Ca’* does. Both of these possibilities seem un-
likely in view of our demonstration of a Ca?*- and
Mg>*.independent phospholipase A, following
membrane solubilization. These results, as well as
further characterization of the enzyme, will be
presented elsewhere.

The hydrolysis of phospholipid during mem-

brane storage at —20°C, is in agreement with
previous reports on low temperature degradation
of phospholipids in other cell and tissue types
[21,51,52]. Such extensive hydrolysis at —20°C
suggests that the enzyme is in close contact with
its substrate in its natural environment. Catalysis
may be occurring only on substrate present in the
same membrane vesicle as the enzyme, as was
shown for mitochondrial phospholipase A, [53].
Greater enzyme activity at 37°C than at lower
temperatures indicates that the membrane phos-
pholipids were more readily hydrolyzed above their
transition temperature, which is approx. 25-26°C
[54,55].

The preferential hydrolysis of PE by the mem-
brane associated enzyme is more difficult to ra-
tionalize. This specificity may reflect a relative
abundance of PE in proximity to the enzyme, but
it appears not to be due to sidedness of the
substrate in the membrane, as both PC and PE
exist largely in the inner bilayer [56]. Barsukov et
al. [56] have recently demonstrated that prolonged
incubation of rabbit brush-border membrane
vesicles also leads to a preferential hydrolysis of
PE to lyso-PE. Although it has been pointed out
that intracellular phospholipases are often much
more active with PE than with PC as substrate
[48], the basis of this discrimination is not known.
Exogenous PE is more readily hydrolyzed by
mitochondrial phospholipase A, because PE can
adopt non-bilayer lipid phases, and associate with
the membrane prior to hydrolysis, whereas PC
cannot [57]. The importance of non-bilayer lipid
phases for brush-border membrane PE hydrolysis
is not clear.

Following the submission of this work Diagne
et al. [S8] reported that the guinea pig intestinal
brush-border membrane contains a Ca®*-indepen-
dent phospholipase A, activity towards bile salt
dispersed PC. The relationship between this en-
zyme and that described in the present report
remains to be established.
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