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TECHNICAL NOTE

Preservation of renal brush border membrane transport
function by storage in glycerol
SHIRLEY A. HILDEN and BERTRAM SACKTOR

Laboratory of Molecular Aging, Gerontology Research Center, National Institute on Aging, National Institutes of
Health, Baltimore City Hospitals, Baltimore, Maryland

Various methods for the isolation of renal and in-
testinal brush border membranes have been report-
ed [I]. The isolated membranes vesiculate and are
used as model systems to examine the mechanisms
by which solutes, for example, sugar and amino
acids, are transported into the epithelial cell [2, 3].
Although these studies have provided valuable in-
sight into the transport systems, their general
applicability has been limited because of the neces-
sity to measure uptakes on the same day that the
membranes are prepared [4], the time required to
prepare the membranes being often as long as 5
to 6 hr [5, 6], and the large numbers of small
animals (e.g. 20 rats) needed for each preparation
[6]. Moreover, the relatively small yield of brush
border membranes with each preparation severely
hampers efforts to purify sugar and amino acid car-
riers since the only assay for the carrier in mem-
brane reconstitution studies is transport function
itself, rather than catalytic activity, as with cation
transporting adenosine triphosphatases [7]. Thus, a
procedure for preserving transport function of these
membranes is critically needed. Because glycerol
and low temperature have been used in other sys-
tems to maintain cell integrity and biologic function
[8], this technique was examined with isolated renal
brush border membranes. In this communication,
the preservation of D-glucose and L-proline trans-
port function in stored membranes is reported.

Rabbit renal brush border membranes were pre-
pared by the calcium chloride precipitation method
[9], modified as described elsewhere [10]. The prep-
aration was enriched about tenfold in specific activi-
ties of trehalase and y-glutamyltranspeptidase rela-
tive to the cortex homogenate. Brush border mem-
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branes (30 to 50 mg of protein) were stored by
suspending the membrane pellet in 2 to 4 ml of a
solution composed of 20% glycerol, 300 mM manni-
to!, 1 m magnesium chloride, 1 mrvi dithiothreitol,
50 mM Hepes-Tris (pH, 7.5) and were kept for vary-
ing periods of time at —20° C. No attempt was made
to regulate the rate of freezing or the subsequent
thawing. After storage, the membranes were
thawed and diluted with 100 to 200 ml of 300 mi
mannitol and 50 mrvi Hepes-Tris (pH, 7.5). After 15
to 30 mm of equilibration, the suspension was cen-
trifuged at x40,000 g for 30 mm. The resulting
membrane pellet was washed at least once in the
300 m buffered mannitol. The brush borders were
finally resuspended in a small volume of the same
mannitol medium. Uptake of D-glucose and L-pro-
line was measured by the Millipore filtration tech-
nique detailed previously [4, 11] except that the
pore size of the filter was 0.3 t. This filter gave
maximum retention of radioactivity after as well as
before freezing of the brush border membrane sus-
pension.

Figure 1 describes the uptake of D-glucose by
brush border membranes that were stored under
different conditions. With freshly prepared mem-
branes (Fig. 1A), the presence of a sodium ion elec-
trochemical gradient induced a marked stimulation
of sugar uptake, the initial rate (15 sec) being 20 to
50 times that in the absence of the sodium ion gradi-
ent. The final level of uptake (80 mm) in the pres-
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Fig. 1. Uptake of o-glucose by brush border membranes stored
under different conditions. The sugar concentration was 50 M.
The extravesicular medium for the experiments with the sodium
ion gradient (o) was 100 m sodium chloride and 100 mi manni-
tol, and without the gradient (s) it was 300 mri mannitol. Panel A.
Freshly prepared membranes. Panel B. Membranes stored in
20% glycerol at —20° Cfor 19 days. Panel C. Membranes stored
at —20° Cfor 5 days in buffered mannitol in the absence of glyce-
rol. Panel D. Membranes stored in 20% glycerol at 4° C for 5
days. Typical experiments are illustrated. The data have been
normalized so that the maximum uptake induced by the sodium
ion gradient in brush border membranes stored in 20% glycerol at
—20° C for 19 days (IB) is set at 100%.
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Fig. 2. Uptake of 1)-glucose (50 M) by brush border membranes
stored in 20% glycerol at —20° Cfor 7 days in the presence of /00
mM sodium ion gradient (0), mannitol (•), /00 mM sodium ion
gradient and 0.5 mMphlorizin (0), 100 mMpotassium ion gradi-
ent (U), and /00 mist sodium ion gradient (A), with L-g/ucose
substituting for ni-glucose.
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when the membranes were stored at —20° C for 5
days in buffered mannitol in the absence of glycerol
(Fig. 1C), the uptake of sugar did not exceed the
equilibrium value. To be noted, however, was the
substantial stimulation in the initial rate of o-glu-
cose uptake, due to the presence of sodium ions.
This finding suggests that freezing of the mem-
branes in the absence of glycerol provokes the rapid
equilibration of sodium ions between the extra-
vesicular and intravesicular media. Fig. ID shows
that the sodium ion gradient-dependent uptake of D-
glucose was partially maintained when the brush
border membranes were stored in 20% glycerol for
5 days at 4° C. Preservation under these condi-
tions would be useful in experiments in which non-
freezing conditions were essential. Membranes
stored overnight at 4° C in the absence of glycerol
did not take up D-glucose above equilibrium (data
not shown).

Other properties of the D-glucose uptake system
in freshly prepared brush border membranes were
also maintained in the membranes frozen in glyce-
rol. Figure 2 shows that the sodium ion gradient-
dependent stimulation of the sugar was stereo-
specific, as the uptake of L-glucose was not en-
hanced. The uptake of D-glucose was not stimulated
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ence and absence of the sodium ion gradient was
essentially the same, indicating that equilibrium had
been established. At the peak of the "overshoot"
(1.5 mm) the uptake of D-glucose was five- to six-
fold the final equilibrium value, suggesting that the
imposition of a large extravesicular to intravesicular
sodium ion electrochemical gradient effected the
transient movement of the sugar into the membrane
vesicles against its concentration gradient (uphill
transport). Similar observations with freshly pre-
pared brush border membranes have been reported
[10, 12, 13]. When the membranes were stored in
20% glycerol at —20° C for 19 days (Fig. IB), the
sodium ion gradient stimulation and "overshoot"
were essentially the same as when the membranes
were assayed on the day of preparation. This dem-
onstrates that membranes frozen under these condi-
tions retained their original conductance towards
sodium ions, thus enabling the sodium ion electro-
chemical gradient to drive the uptake of D-glucose
against its concentration gradient. In contrast,
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by a potassium ion gradient. Also, the sodium ion
gradient-dependent transport of D-glucose was in-
hibited by phiorizin.

The question as to whether the uptake of D-glu-
cose by the stored brush border membranes repre-
sents transport into membrane vesicles or simply
binding to the membrane was examined by deter-
mining the effect of the osmolarity of the medium on
uptake. At equilibrium (60 mm), uptake of D-glu-
cose was inversely proportional to medium os-
molarity, varying from 0.33 to 2.0 M with sucrose, a
relatively impermeable solute which is not hydro-
lyzed by the kidney [14], and, thus, directly relating
to intravesicular space. Little, if any, uptake was
estimated by extrapolation to infinite medium os-
molarity. Therefore, D-glucose uptake into the
stored brush border membranes could mostly be ac-
counted for by transport across the membrane into
an intravesicular space, which is in agreement with
the uptake of the sugar by freshly prepared renal
membranes [12].

The effect of glycerol in preserving membrane
transport was concentration-dependent. A 20%
glycerol medium gave the fastest rate of D-glucose
uptake. Concentrations higher than 30% were inhib-
itory. The quantity of brush border membranes in
the 20% glycerol solution was varied from 7 to 25
mg of protein/mi without affecting the sodium ion
gradient-dependent uptake of D-glucose. The mem-
branes were not stable when stored at a concentra-
tion less than 1 mg of protein/ml. In experiments to
test the effect of time of storage in 20% glycerol on
the preservation of membrane transport function, it
was found that although there was considerable var-
iability, at least 50% of the original rate of uptake of
the sugar was retained alter 3 to 4 weeks of storage.

Brush border membranes were also stored for 10
to 14 days in solutions containing 20% dimethyl sul-
foxide or 20% ethylene glycol instead of glycerol.
Dimethyl sulfoxide gave partial protection (about
hail), compared to the maximal protection found
with 20% glycerol, whereas ethylene glycol af-
forded only slight protection. Increasing the manni-
tol concentration of the stabilizing medium to 0.75
M in the absence of glycerol resulted in no preserva-
tion of the sodium ion gradient-stimulated D-glu-
cose uptake.

Figure 3 shows that the uptake of L-proline by the
stored brush border membranes was sodium ion
gradient-dependent, the initial rate (15 sec) being in-
creased about 20 times, Moreover, the maximum
uptake which was transiently greatly in excess of
the equilibrium uptake indicates that the sodium ion

electrochemical driving force effected the uphill
transport of the amino acid in these membranes,
similar to that found with nonstored renal mem-
branes [15].

So far, only 2 brush border preparations out of
a total of 30 failed to show significant sodium ion
gradient-stimulated sugar or amino acid transport
relative to the 60 mm equilibrium value, indicating
that this procedure had a very good success rate.
These two had been stored for 28 days in 20% glyce-
rol before uptake was tested. It should also be noted
that all preparations described in this study were
stored in the freezer compartment of a self-defrost-
ing refrigerator. It is likely that storage at lower
temperatures or under conditions in which the peri-
odic warming of the freezer compartment was
avoided might give even better results than those
reported here. Nevertheless, the present findings
demonstrate that sugar and amino transport func-
tion can be preserved in renal brush border mem-
branes and that application of this technique will
greatly facilitate studies in which storage of mem-
branes is required.
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Fig. 3. The sodium ion gradient-dependent uptake of L-proline by
stored brush border membranes. A typical experiment is shown.
This preparation was stored in 20% glycerol at _200 C for 19
days. The concentration of amino acid was 25 p.M. Extra-
vesicular medium was 100 msi sodium chloride and 100 m man-
nitol (0), or 300 mpi mannitol (.).
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