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Summary. We demonstrate that the high affinity bumetanide
binding site of the rabbit parotid acinar cell can be extracted from
a basolateral membrane fraction using relatively low concentra-
tions (0.07%, wt/vol; 1 mg membrane protein/ml) of the non-
ionic detergent Triton X-100. This extracted site cannot be sedi-
mented by ultracentrifugation at 100,000 X g x 1 hr. Bumetanide
binding to this site retains the ionic characteristics of bumetanide
binding to native membranes but shows a fivefold increase in
binding affinity (K, = 0.57 = 0.15 um vs. K; = 3.3 = 0.7 um for
native membranes). Inactivation of the extracted bumetanide
binding site observed at detergent/protein ratios >1 can be pre-
vented or (partially) reversed by the addition of exogenous lipid
(0.2% soybean phosphatidylcholine). When the 0.07% Triton ex-
tract is fractionated by sucrose density gradient centrifugation in
0.24% Triton X-100, 0.2% exogenous lipid and 200 mM salt, the
high affinity bumetanide binding site sediments as a single band
with Sy, = 8.8 + 0.8 S. This corresponds to a molecular weight
~200 kDa for the bumetanide binding protein-detergent-lipid
complex and represents a sevenfold purification of this site rela-
tive to the starting membrane fraction. In contrast to previous
attempts to purify Na/K/Cl cotransport proteins and their asso-
ciated bumetanide binding sites, the present method avoids
harsh detergent treatment as well as direct covalent modification
(inactivation) of the transporter itself. As a consequence, one
can follow the still active protein through a series of extraction
and purification steps by directly monitoring its bumetanide bind-
ing properties.
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Introduction

Considerable evidence now indicates that salt and
water movement across many secretory and ab-
sorptive epithelia is due to transepithelial chloride
fluxes [9, 18, 27, 34]. In a number of tissues these
chloride movements are driven by a Na/K/Cl co-
transport system which is responsible for concen-
trative chloride entry [6, 9, 18, 25, 27, 34]. Na/K/Cl
cotransporters have also been identified in a variety
of nonepithelial tissues [10] where they are involved

in volume regulatory ion fluxes and possibly in non-
renal potassium homeostasis. Studies from a num-
ber of laboratories indicate that such a transporter is
responsible for driving the bulk of the acinar chlo-
ride secretion which results in salivary fluid produc-
tion [23, 24, 27, 29, 34]. We have, in fact, provided
direct evidence for the existence of a Na/K/Cl co-
transporter in parotid acinar basolateral membrane
vesicles [33] and argued that the parotid may pro-
vide a particularly rich source of this transport pro-
tein [32].

Owing to their obvious physiological impor-
tance, a considerable amount of recent experimen-
tal effort has been devoted to characterizing Na/K/
Cl cotransporters [e.g., 2, 6, 8, 10, 12, 16, 18, 19, 25,
26, 32, 33]. Much of this work has made use of the
loop diuretic bumetanide, a potent specific inhibitor
of these systems. Several laboratories [8, 12, 26],
including our own [32], have identified high affinity
Na/K/Cl-dependent bumetanide binding sites
whose properties correlate well with the bumeta-
nide inhibitory sites associated with Na/K/Cl co-
transporters in the same tissue.

An essential step in our eventual understanding
of the mechanism of all membrane transport phe-
nomena is the identification and characterization of
the relevant molecular constituents. A number of
groups have employed bumetanide and its ana-
logues in attempts to label or purify putative com-
ponents of Na/K/Cl cotransporters. Jorgensen et
al. [17] identified a 34,000-Da polypeptide which
was photolabeled with [3H]-bumetanide when pig
renal outer medullary membranes, preincubated
with the labeled drug, were irradiated with light at
345 nm (an absorptive maximum for bumetanide).
Using similar techniques with radiolabeled bumeta-
nide analogues, DiStephano et al. [5] have photola-
beled a 24-kDa protein in isolated pig kidney thick
ascending limbs of Henle’s loop, and Haas and For-
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bush have photolabeled 150-kDa proteins in both
dog renal medullary membranes [13] and duck red
blood cells [14]. More recently, Pewitt et al. [28]
have demonstrated that, when solubilized calf renal
outer medullary membranes are passed over, an af-
finity chromatography column consisting of 4-p-
aminobumetanide coupled to Affigel-10, a 160-kDa
protein is retained and can be subsequently eluted
with excess bumetanide. Feit et al. [7] have also
used affinity chromatographic techniques with a bu-
metanide analogue to identify proteins with molecu-
lar weights ~76 and ~38 kDa in membranes from
Ehrlich ascites tumor cells. At present it is not clear
whether the above lack of consensus regarding the
molecular weight of the Na/K/Cl cotransporter is
due to the identification of various subunits or deg-
radation products of the protein, to differences in
the cotransporter between tissues, or to method-
ological difficulties.

In the present paper we have used a somewhat
different approach to the purification of the Na/K/
ClI cotransporter from the rabbit parotid. This ap-
proach was dictated by our desire to ultimately iso-
late the transporter in a still functional form. Since
our preliminary studies indicated that the bumeta-
nide binding activity of rabbit parotid basolateral
membranes was quite labile in detergent solution, in
this report we first investigate the conditions neces-
sary to extract and stabilize the high affinity bu-
metanide binding site. We then demonstrate that a
partial purification of the functional binding site is
possible using these conditions and sucrose density
gradient centrifugation.

Materials and Methods

VESICLE PREPARATION

Basolateral membrane vesicles (BLMV) were prepared from
rabbit parotid by a Percoll gradient method as previously de-
scribed [33]. Relative to the starting tissue homogenate the activ-
ity of the basolateral membrane marker K-stimulated p-nitro-
phenyl phosphatase is enriched 9-12 times in this membrane
vesicle preparation. Freshly prepared BLMV were suspended in
Buffer A (10 mM Tris/HEPES plus 100 mM mannitol) containing
1 mm EDTA and 100 mM KCl at a protein concentration of
approximately 5 mg/ml. Aliquots (0.75 mg protein) of BLMV
were fast frozen and stored above liquid nitrogen.

On the day of the experiment an appropriate number of
aliquots of frozen BLMV were thawed for 30 min at room tem-
perature, diluted 100 times with Buffer A containing 1 mm EDTA
(Buffer A/EDTA) and centrifuged at 48,000 x g for 20 min. The
resulting pellets were taken up in Buffer A/EDTA at a protein
concentration of 2 mg/ml.

VESICLE TREATMENT WITH TRITON X-100

BLMYV in Buffer A/EDTA (2 mg protein/ml) were diluted 1:1
with Triton X-100 (Sigma T-6878) stock solutions prepared in the
same buffer. These vesicles were then left on ice for 30 min
before experimental use. In most cases the resulting material was
centrifuged for 5 min at 150,000 X g in a Beckman Airfuge. The
supernate from this spin is referred to as the vesicle ‘‘extract.”
The extract obtained from treatment with 0.07% Triton X-100
(final concentration, wt/vol) is used in a number of experiments
described here and is referred to as the *‘0.07% Triton extract.’”

BINDING MEASUREMENTS

Nitrocellulose Filtration Assay

Equilibrium bumetanide binding was measured using a nitrocel-
lulose filtration assay as previously described [32]. Briefly, a 20-
pl aliquot of sample was combined with the same volume of
incubation medium consisting of Buffer A plus [*H]-bumetanide
and other constituents as required (see below). After 60 min of
incubation the reaction was terminated by the addition of 1.5 ml
of ice-cold stop solution (Buffer A containing 100 mm NaCl plus
100 mm KCl) followed by Millipore filtration (HAWP 0.45 um).
The filter was then washed with a further 6.0 ml of stop solution,
placed in a scintillation vial with 10 ml of ACS (Aqueous Count-
ing Scintillant, Amersham, Arlington Heights, Il) containing 1%
glacial acetic acid (vol/vol) and counted for radioactivity along
with samples of the incubation medium and appropriate stan-
dards.

Unless otherwise stated, bumetanide binding was deter-
mined in Buffer A containing 100 mM sodium gluconate, 95 mm
potassium gluconate, 5 mm KCI, 0.5 mMm EDTA and other con-
stituents as indicated. In previous experiments we have estab-
lished that these concentrations of sodium, potassium and chio-
ride yield near optimal conditions for high affinity bumetanide
binding to rabbit parotid BLMV [32]. All data have been cor-
rected for nonspecific retention of [*H]-bumetanide by the filters.
All binding studies were carried out at 23°C in duplicate (Fig. 6)
or triplicate (all others). The errors shown in the figures and
quoted in the text are standard deviations. Unless otherwise
indicated, the results of single experiments, representative of
three or more studies yielding similar results, are shown.

The above rapid filtration method was used to measure
[*H]-bumetanide binding to both native and detergent-treated
BLMYV. It is well known that nitrocellulose filters of the type
employed here adsorb proteins from dilute solutions with high
efficiency [11, 31]; in fact, they are used extensively for this
purpose in blotting and immunoassays [31]. In order to verify
that BLMV protein was retained by the filters under the condi-
tions employed in these studies, vesicles were treated with 0.2 or
0.24% Triton X-100 (final protein concentration, 1 mg protein/
ml) for 30 min on ice then centrifuged for 5 min at 150,000 X g.
The resulting extracts (approx. 0.7 mg protein/ml, see Results)
were diluted 20 times with stop solution (see above) then passed
through Millipore HAWP filters. The filtrate was collected in 500
wl aliquots and assayed for protein content. These experiments
showed that <7% of the protein in the first 1000 ul of diluted
vesicle extract appeared in the filtrate. Thus virtually all of the
protein in 50 ul of undiluted extract, or approximately 35 ug, can
be retained by the filter. This quantity of protein is well in excess
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of the amount typically employed in our [*H]-bumetanide binding
experiments (<0.14 pg).

Gel Filtration Assay

In some cases [*H]-bumetanide binding was also determined by
gel filtration as follows: Sephadex G-75 (Pharmacia) was equili-
brated overnight in stop solution containing 1% (wt/vol) bovine
serum albumin (3.8 g gel/100 ml), rinsed with 4 x 100 ml of stop
solution without albumin and loaded into disposable polystyrene
columns (Pierce #29920) using approximately 3 ml gel/column.
Just before use these columns were packed by placing them in
15-ml disposable plastic tubes (Falcon #2095) and centrifuging at
1500 X g x 1.5 min. An aliquot of sample plus incubation me-
dium (typically 70 ul total volume; incubations were carried out
as described above for the filtration method) was applied to the
top of the packed gel column followed by 100 ul of stop solu-
tion. The column was then centrifuged again at 1500 X g for 2
min and the effluent, containing [*H]-bumetanide bound to mate-
rial eluted in the void volume of the column, was collected and
transferred to a scintillation vial for counting. In control experi-
ments where incubation medium without sample was applied to
the gel, no detectable [*H]-bumetanide was found in the effluent.

PROTEIN DETERMINATIONS

Except where indicated protein was measured by the method of
Bradford [1] using the Bio-Rad protein assay kit (Bio-Rad Labo-
ratories, Richmond CA) with bovine gamma globulin as the
standard. All protein values quoted were determined using
this assay. Where appropriate, corrections for interference by
detergent and/or lipid were made by assaying protein standards
in the same solution as the samples. It should be noted that the
more traditional protein determination method of Lowry [21],
using bovine serum albumin as the standard, yields protein val-
ues for the BLMV which are approximately 35% lower than
those obtained with the above procedure (data not shown).

SUCROSE DENSITY GRADIENT
SEDIMENTATION [3, 22]

The following *‘‘clarified lipid solution’” formed the basis of our
sucrose density gradients. Soybean phosphatidylcholine (Sigma,
Type II-S), evaporated from chloroform as a thin film, was taken
up in a buffer made up of 10 mmM Tris/HEPES, 5% sucrose, 100
mM sodium gluconate, 95 mm potassium gluconate, S mm KCl, 1
mM EDTA and 0.24% Triton X-100 to give a final lipid concentra-
tion of 0.2% (wt/vol). The resulting cloudy solution was sonica-
ted for 1 min in a Branson B 12 ultrasonic cleaner, passed
through a 25 then a 30 gauge needle, and centrifuged for 60 min at
48,000 X g. A portion of the supernate from this centrifugation
was made up to 25% sucrose (wt/vol) and this, with the remain-
ing 5% sucrose supernate was used to pour 4.4 ml linear 5-25%
sucrose gradients. A 600 pl-aliquot of 0.07% Triton extract was
applied to each gradient and these were centrifuged at 116,000 x
g for 16 hr in the SW35Ti rotor of a Beckman L.8-M ultracentri-
fuge at 4°C, The gradients were fractionated by puncturing the
_bottom of the tube with a 25-gauge needle and collecting 8 drop
(~0.25 ml) fractions.

The following marker proteins were used to calibrate the
sucrose gradients: porcine thyroglobulin (s, = 19.0 S), bovine
1gG (559 = 7.2 S) and bovine serum albumin (sy,, = 4.7 S). The
positions of these markers in the fractions from the gradients
were determined by direct protein assay (thyroglobulin) or by
liquid scintillation counting using "“C-labeled proteins (IgG and
bovine serum albumin).

CALCULATIONS

In least squares fits to the data, points were weighted according
to their relative experimental errors. The errors quoted in the
text on least squares parameters are standard deviations.

MATERIALS

N-methyl-p-glucamine (NMDG) was from Aldrich (Milwaukee,
WI), porcine thryoglobulin was from from Sigma Chemical (St.
Louis MO) and unlabeled bumetanide was a gift from Hoffman-
LaRoche (Nutley, NJ). All other chemicals were from standard
commercial sources and were reagent grade or the highest purity
available.

[“C]-bovine serum albumin and ["*C]-bovine IgG were from
NEN. [*H]-bumetanide (66.2 Ci/mmol, radiochemical purity
98%) was custom synthesized for us by Amersham (Arlington
Heights, IL) from the precursor 3-amino-4-phenoxy-5-sulfa-
moylbenzoic acid, generously supplied by Dr. P.W. Feit (Leo
Pharmaceuticals, Ballerup, Denmark). In preliminary experi-
ments for this study we used [*H]-bumetanide kindly given to us
by Drs. B. Forbush, III, and R.W. Mercer, also prepared by
Amersham from starting material supplied by Dr. Feit.

Results

EFFEcT OF TrITON X-100
ON BUMETANIDE BINDING TO BLMV

In the experiment illustrated in Fig. 14, BLMV
were treated with the concentrations of Triton X-
100 indicated, then [PH]-bumetanide binding was
measured either in this detergent-treated material or
in the ‘‘extract’’ obtained by centrifuging this mate-
rial at 150,090 X g for 5 min. To allow direct com-
parison of binding to vesicles and extract, the data
are presented as binding per milliliter of sample.
This experiment shows several interesting results.
First, at Triton concentrations =0.1% there is an
apparent ‘‘activation’’ of bumetanide binding over
that found in the native vesicles ([Triton X-100] =
0). This effect is investigated in more detail below.
Second, as the Triton concentration increases
above its critical micelle concentration (0.02%),
there is a dramatic increase in bumetanide binding
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Fig. 1. (A) Effect of Triton X-100 on bumetanide binding to rabbit parotid basolateral membrane vesicles. BLMV (I mg protein/ml) in
Buffer A/EDTA were treated for 30 min on ice with Triton X-100 at the concentrations indicated (wt/vol). The binding of 1 pm [BH]-
bumetanide was then assayed in this material (O) or in the extract obtained by centrifuging this material at 150,000 x g for 5 min (A).
The data illustrated were obtained using the nitrocellulose filtration assay described in Materials and Methods. (B) Protein content of
the vesicle extracts obtained in A, expressed as a percentage of the total vesicle protein (1 mg/ml). The BCA protein assay (Pierce) was
used here for convenience since it is insensitive to Triton X-100 over this concentration range

activity in the vesicle extract, and at higher deter-
gent concentrations (=0.075%) all of the bumeta-
nide binding activity observed is associated with the
extract. In control experiments (not shown) we
have verified that there is, in fact, no detectable
bumetanide binding in the pellets obtained after
centrifuging the BLMYV following treatment with
Triton concentrations =0.075%. Finally, at Triton
concentrations >0.05% there is a progressive loss
of bumetanide binding activity with increasing de-
tergent concentration. As already indicated in Ma-
terials and Methods, we have verified that the nitro-
cellulose filters used in this experiment are capable
of adsorbing virtually all of the BLMYV protein em-
ployed in our bumetanide binding assays. However,
we have nevertheless confirmed that the same pat-
tern observed in Fig. 1A for the vesicle extract is
also obtained when bumetanide binding is deter-
mined with the gel filtration assay described in Ma-
terials and Methods (data not shown). Thus the loss
of binding activity at higher Triton X-100 concentra-
tions illustrated in Fig. 1A is not due to a selective
failure of the nitrocellulose filter to retain the bu-
metanide binding protein. Owing to its relative con-
venience we have used the nitrocellulose filtration
assay in most of our experiments, and only those
results are presented in the studies which follow.

Figure 1B shows the protein content of the vesi-
cle extracts obtained at various concentrations of
Triton X-100. Note that little additional protein is
extracted from the BLMW as the Triton X-100 con-
centration is increased above 0.075%.

We have chosen the vesicle extract obtained at
0.07% Triton X-100 as the starting point for the

studies which follow. In additional experiments (not
shown) we have demonstrated that <10% of the
bumetanide binding activity found in this extract is
lost after centrifugation at 116,000 X g x 1 hr. Thus
this material appears to represent a reasonable com-
promise between a partial purification and solubili-
zation of the bumetanide-binding protein and its in-
activation by higher concentrations of Triton X-100.
The results presented below support this conjec-
ture.

CHARACTERISTICS OF
THE EXTRACTED BUMETANIDE BINDING SITE

We have previously demonstrated that high affinity
bumetanide binding to parotid BLMYV requires the
presence of sodium, potassium and chloride {32]. In
the experiment illustrated in Fig. 2 we compare bu-
metanide binding to the 0.07% Triton extract mea-
sured in the presence of 100 mM sodium, 100 mm
potassium and 5 mmM chloride (100%) to binding
measured in the absence of each of these ions. It is
clear from Fig. 2 that optimal bumetanide binding
requires the presence of all three of these ions. The
pattern seen in this figure is virtually identical to
that observed with native BLMV [32].
High-affinity bumetanide binding to BLMYV also
shows a biphasic dependence on chloride concen-
tration; at 100 mM sodium and potassium, binding
increases from 0 to 5 mm chloride and decreases
thereafter {32]. The experiment shown in Fig. 3 il-
lustrates that the same biphasic behavior is found in
the 0.07% Triton extract. Thus the bumetanide
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Fig. 2. Dependence of bumetanide binding to the 0.07% Triton
extract on the presence of sodium, potassium and chloride. The
binding of 1 uM [*H]J-bumetanide was measured in the presence
of 100 mM sodium, 100 mM potassium, 5 mM chloride and 195
mM gluconate, or with sodium replaced by NMDG (n = 6), po-
tassium replaced by NMDG (n = 6), or chloride replaced by
gluconate (n = 4). The results of the number of experiments
indicated have been normalized to the binding observed in the
presence of all three ions and averaged to produce the figure

binding site found in the 0.07% Triton extract pre-
serves the ionic characteristics of bumetanide bind-
ing to native basolateral membranes.

The nature of the “‘activation’’ of bumetanide
binding observed in Fig. 14 at lower Triton concen-
trations is explored in the experiment illustrated in
Fig. 4. Here the concentration dependence of bu-
metanide binding to native BLMYV and to the 0.07%
Triton extract are compared (again the data are pre-
sented as binding per milliliter of sample). The data
are shown as a Scatchard plot. It is clear from this
figure that the affinity of bumetanide binding in the
extract is considerably greater than that found in
the native BLMV. For three independent experi-
ments identical to the one shown in Fig. 4, K; =
0.57 = 0.15 um for the 0.07% Triton extract and
K; = 3.3 = 0.7 um for native BLMV. Note, how-
ever, that almost all (85 = 15%, n = 3) of the high
affinity bumetanide binding sites are preserved
in the extract.

STABILIZATION OF BUMETANIDE BINDING
IN TriTON X-100

In our early experiments with BLMV Triton ex-
tracts it quickly became clear that any maneuver
which lead to an increase in the detergent : protein
ratio also lead to a dramatic loss of bumetanide
binding activity (e.g., Fig. 14). Subsequent studies
indicated that binding activity could be recovered
by the addition of exogenous soybean phosphatidyl-
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Fig. 3. Dependence of bumetanide binding to the 0.07% Triton
extract on [Cl]. The binding of 1 uM [*H}-bumetanide was mea-
sured in the presence of 100 mM sodium, 100 mMm potassium and
0 to 200 mM chloride with chloride replaced isosmotically by
gluconate
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Fig. 4. Scatchard analysis of bumetanide binding to parotid
BLMYV (1 mg/ml) and to the 0.07% Triton extract from the same
preparation. Binding was measured over the bumetanide concen-
tration range 0.625 to 10 uM (@) or 0.04 to 2.5 um (A) in the
presence of 100 mmM sodium, 100 mM potassium, 5 mM chloride
and 195 mM gluconate. The lines drawn through the data points
are least squares fits given by K, = 3.1 + 0.2 um, N, = 95.0
5.2 pmoles/ml, » = 0.991 (@) and 0.58 * 0.04 um, 88.5 = 4.4
pmoles/ml, r = 0.988 (A)

choline (Sigma, Type 1I-S); however, the extent of
this recovery was reduced by the time and harsh-
ness of detergent treatment. For example, BLMV
treated for 30 min with 0.3% Triton X-100 showed
no detectable bumetanide binding activity (cf., Fig.
1A), but the addition of of 0.2% soybean phospha-
tidylcholine restored binding to within ~80% of
BLMY levels. If, on the other hand, the addition of
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Fig. 5. Recovery of bumetanide binding following dilution of the
0.07% Triton extract with various detergent solutions. The
0.07% Triton extract diluted five times with either Buffer A/
EDTA containing 0.12% Triton X-100, 5% sucrose, 100 mM so-
dium gluconate, 95 mM potassium gluconate, 5 mM KCI and
0.2% “‘clarified” (by centrifugation at 150,000 X g X 5 min)
soybean lipid (lipid + salt), the same solution without salts (lipid
— salt), or the same solution without lipid (salts only). The bind-
ing of 1 uM [*H] bumetanide was then determined immediately
(Day 1) or after leaving the material at 4°C overnight (Day 2).
The data have been normalized to the total binding in the starting
0.07% Triton extract on day 1. The results shown are the aver-
ages of three independent experiments

lipid was delayed for two additional hours, ~40% of
this recoverable binding was lost (data not illus-
trated). Accordingly, we attempted to establish
conditions that would preserve bumetanide binding
activity throughout a series of purification and con-
commitant dilution steps in detergent-containing
media. The experiment shown in Fig. 5 iilustrates
the efficacy of the conditions we have found. Here
we have taken the 0.07% Triton extract and diluted
it 1:5 into three Triton X-100 solutions, one con-
taining ‘‘clarified”” soybean phosphatidyicholine
(see figure caption) and salt (100 mm sodium gluco-
nate, 95 mM potassium gluconate and 5 mm KCI),
one containing lipid without added salt, and one
containing salt only. When bumetanide binding was
measured shortly after dilution (day 1, open bars),
binding activity was hardly detectable in the extract
diluted into lipid free medium, whereas almost all
binding activity was recovered in the extract diluted
into media containing soybean lipid. After being left
overnight at 4°C (day 2, hatched bars), however, it
is clear that the lipid solution containing salt was
considerably more effective in stabilizing bumeta-
nide binding activity in the diluted extract.

SUCROSE DENSITY GRADIENT SEDIMENTATION

Figure 6 illustrates the results of an experiment
where the proteins in the 0.07% Triton extract were
separated by sucrose density gradient (5-25%) sedi-
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Fig. 6. Sucrose density gradient sedimentation of the 0.07% Tri-
ton extract. A 600-ul aliquot of the 0.07% Triton extract was run
on a 5-25% sucrose gradient (116,000 X g x 16 hr) prepared as
described in Materials and Methods. The [*H]}-bumetanide bind-
ing activity (1 uMm) of the gradient fractions is illustrated by the
vertical bars. In addition the sedimentation positions of three
marker proteins, porcine thyroglobulin (sy . = 19.0 S), bovine
IgG (spo = 7.2 S) and bovine serum albumin (sy, = 4.7 S),
determined on independent but otherwise identical gradients is
shown (@)

mentation. The figure shows the bumetanide bind-
ing activity of the fractions of the gradient obtained
after centrifugation at 116,000 X g X 16 hr. Also
shown are the positions at which three proteins with
known sedimentation coefficients appear (see figure
caption). Bumetanide binding activity appears on
the gradient as a single band with a sedimentation
coefficient of 8.8 = 0.8 S (n = 8). In control experi-
ments (not shown) we have demonstrated that the
K, for bumetanide binding to the peak fractions ob-
tained from the sucrose gradient (K; = 0.51 £ 0.09,
n = 3) is the same as that obtained for the 0.07%
Triton extract (Fig. 4), confirming that this band
corresponds to the purified high affinity bumetanide
binding site.

On average the total bumetanide binding activ-
ity recovered from the sucrose gradient is 65.1 +
16.0% (n = 4) of that loaded, and approximately one
half of this activity (29.4 + 6.4% of that loaded, n =
6) is found in the peak fraction (fraction 8 in Fig. 6).
The protein concentration of this fraction is 0.148 =
0.006 mg/ml (n = 3). Assuming that lost bumetanide
binding activity is due to inactivation and that these
inactivated proteins copurify with active proteins
on the sucrose gradient, we calculate that this cor-
responds to an enrichment of the high affinity bu-
metanide binding site of approximately sevenfold
relative to the starting BLMV.

Discussion
We have previously characterized a high affinity bu-

metanide binding site on rabbit parotid BLMV and
provided convincing evidence that this is the bu-
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metanide inhibitory site on the acinar Na/K/Cl co-
transporter [32]. In the experiments presented
here we demonstrate that this binding site can be
extracted from BLMV by a relatively gentle treat-
ment with the non-ionic detergent Triton X-100 and
partially purified in a still functional state. For prac-
tical reasons (limited amounts of tissue) we have
used relatively low concentration of membranes (1
mg protein/ml) in our experiments and conse-
quently were able to work with low detergent con-
centrations as well. Our results indicate that the
high affinity bumetanide binding site is essentially
totally extracted from the BLMV at 0.07% Triton
X-100 (Figs. 1 and 4) and that this extracted site
retains the ionic characteristics of bumetanide bind-
ing to native membranes (Figs. 2 and 3). At this
detergent : protein ratio (approximately 1:1) mem-
branes typically disperse into large, slowly sedi-
menting, macromolecular lipid-protein-detergent
complexes with molecular weights in the order of
0.5 to 1 million [15]. Consistent with this expecta-
tion, we find that the bumetanide binding site is not
sedimented from the 0.07% Triton extract by cen-
trifugation at 116,000 X g X 1 hr (see Results). The
fivefold increase in affinity of the extracted bume-
tanide binding site relative to native membranes
(Fig. 4) may be simply due to reduced steric hin-
drance for binding as a consequence of the disrup-
tion of normal membrane structure.

At higher Triton concentrations the bumetanide
binding site is inactivated (Fig. 1). This is presum-
ably due to delipidation since this inactivation can
be prevented or (partially) reversed by the addition
of exogenous lipid (Fig. 5 and text). In this regard it
has been demonstrated that the presence of lipid is
required to preserve the function and structure of a
number of membrane-bound proteins in detergent
solutions [15, 20]. In our hands prolonged incuba-
tion of the extracted bumetanide binding site at the
higher detergent: protein ratios required for com-
plete membrane dissociation as well as for most
commonly used protein separation procedures re-
sulted in irreversible inactivation (see text). Ac-
cordingly, we adopted the approach of devising a
buffer that would allow us to preserve bumetanide
binding activity throughout the protein purification
process. The buffer which we report and employ
here contains soybean lipid and a relatively high
concentration of salt (200 mmM) in addition to Triton
X-100. The inclusion of both salt and lipid are im-
portant for retaining bumetanide binding (Fig. 5).

When the 0.07% Triton extract is fractionated
by sucrose density gradient centrifugation in 0.24%
Triton X-100 in the above buffer, the high affinity
bumetanide binding site appears as a single band
with a sedimentation coefficient of 8.8 S (Fig. 6). An

estimate of the molecular weight of this band can be
obtained from the formula [30}

(Szo,w)l/(Szo,w)z = (1‘41/]‘42)2/3

which gives an approximate relationship between
the molecular weights (M;) and sedimentation coeffi-
cients (Sy ) of two proteins. From the known sedi-
mentation coefficients and molecular weights of
porcine thyroglobulin (19.0 S, 660 kDa) and bovine
IgG (7.2 S, 150 kDa) we calculate that the molecular
weight corresponding to the solubilized bumetanide
binding site in Fig. 6 is =205 * 30 kDa. However, it
should be emphasized that this is the molecular
weight of the protein-detergent-lipid complex corre-
sponding to the bumetanide binding site and can
only be considered as an approximate upper limit
on the molecular weight of the actual bumetanide
binding protein.

Little is known about the detergent binding
properties of membrane transport proteins. To our
knowledge, the only determination of this type that
has been carried out is for Na/K ATPase, which
binds 0.28 g of Triton X-100 per g of transporter [3].
Although this may represent low level of detergent
binding relative to other membrane proteins [3], us-
ing this estimate for the bumetanide binding site
identified here yields a molecular weight of 160 = 23
kDa for the detergent free bumetanide binding pro-
tein. This value is in remarkably good agreement
with values obtained by Haas and Forbush using
photolabeling techniques in the dog renal medulla
and in duck red blood cells [13, 14] as well as with
the results of Pewitt et al. [28] using bumetanide
affinity chromatography of solubilized calf renal
medulla. In this regard we would like to also empha-
size that in the present studies we have been able to
associate a purified protein fraction directly with a
functional marker—high affinity bumetanide bind-
ing. This is in marked contrast to all previous at-
tempts to purify Na/K/Cl cotransport proteins and
their associated bumetanide binding sites. In many
of these studies covalent modification (inactivation)
of the transporter precludes a direct measurement
of its functional properties [5, 13, 14, 17]. In the
remainder [7, 28], the function of the final purified
protein fraction has not yet been demonstrated.

Another point which remains to be clarified is
whether the bumetanide binding site purified in the
present study is the complete Na/K/Cl cotrans-
porter or only a portion of it. We have recently re-
ported a successful reconstitution of bumetanide
binding activity starting from the 0.07% Triton ex-
tract studied here [4]. However, we have not as yet
been able to demonstrate the presence of Na/K/Cl
cotransport activity in the resulting proteolipo-
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somes. Whether this is due to the insensitivity of
our flux measurements or to an actual dissociation
of bumetanide binding activity from Na/K/Cl co-
transport is currently under investigation.

We would like to thank Drs. Ronald Weiner, William Harris,
Suresh V. Ambudkar, Peter Maloney and Bruce J. Baum for
helpful discussions and suggestions during the course of this
work.
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