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Protein by *C-NEM Labeling

Syng-Tll Lee', Yun-Jung Yu' and R. James Turner’

Department of Oral Biology, College of Dentistry, Yonsei University, 8044, Seoul, Korea
2Clinical Investigation and Patient Care Branch, National Institute of Dental Research,
National Institutes of Health, Bldg. 10, Rm 1A06, Bethesda, Maryland, 20892, USA

In rat parotid basolateral membranes the presence of a 160 kD protein can be labeled with the irreversible
sulfhydryl reagent [*C]-N-ethyl maleimide in a bumetanide-protectable fasion. The previous results suggest
that the existence of an esential sulfhydryl group is closely associated with the bumetanide-binding site on
the parotid Na/K/Cl cotransporter, provide strong evidence that this protein is a part or all of the parotid
bumetanide-binding site. When this protein is treated with endoglycosidase F/N-glycosidase F to remove N-
linked oligosaccharides, its apparent molecular weight decreases to 135 kD. The bumetanide-binding protein
was purified using two preparative electrophoresis steps. First, a Triton X-100 extract enriched in this protein
was run on preparative electrophoresis to obtain fractions containing proteins in the 160 kD range. These
were then deglycosylated with endoglycosidase F/N-glycosidase F and selected fractions were pooled and rerun
on preparative electrophoresis to obtain a final 135 kD fraction. The enrichment of the bumetanide-binding
protein in this final 135 kD fraction estimated from [“C]-N-ethylmaleimide labeling was approximately 48
times relative to the starting membrane extract. Since the bumetanide-binding site represents approximately
2% of the total protein this starting extract, this enrichment indicates a high degree of purity of this protein
in the 135 kD fraction.
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Introduction

Much recent experimental effort has been devot-
ed to the study of Na/K/Cl cotransporter systems
(Geck and Heinz, 1986; O’'Grady et al., 1987 Haas,
1989). These transporters have been shown to be
responsible for generating the transepithelial chlo-
ride fluxes which drive salt and water movements
across many absorptive and secretory epithelia,
including salivary glands (Turner, 1993). Clinically
the transporter is the renal site of action of the
commonly prescribed loop diuretic furosemide (La-
six) and its more potent and specific analogue bu-
metanide. Na/K/Cl cotransporters have also been
identified in a variety of nonepithelial tissues where
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they are involved in volume regulatory ion fluxes
(Geck and Heinz, 1986; Haas, 1989).

It is reported that the direct evidence for the
presence of Na/K/Cl cotransport activity in basola-
teral membrane vesicles prepared from the rabbit
parotid (Turner ef al., 1986). In addition, a high
affinity bumetanide-binding site in this preparation
was identified, strong evidence that this site was
identical with the bumetanide inhibitory site on the
Na/K/Cl cotransporter was provided by Turner et
al. (1986). In a subsequent study, it is demonstrated
that high affinity bumetanide binding to rabbit pa-
rotid basolateral membranes is inactivated by the
irreversible sulfhydryl reagent N-ethymaleimide
(NEM). This effect of NEM could be prevented by
the presence of bumetanide, indicating the existen-
ce of an essential sulfhydry group at or closely re-
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lated to the bumetanide-binding site. NEM also re-
duced *Na transport via the cotransporter by he
same factor as the number of high affinity bumeta-
nide-binding sites (George and Turner, 1989), again
confirming the association of this bumetanide-bind-
ing site with the cotransporter. .

Furthermore, other reports suggested that the
rabbit parotid bumetanide-binding protein could be
patially purified by sucrose density centrifugation
in the presence of a mild detergent (0.24% Triton
X-100). Under these conditions bumetanide-binding
activity was preserved. Based on these experiment,
we estimated that the bumetanide binding protein-
detergent-lipid complex had a molecular weight ~
200 kD and that the molecular weight of the protein
itself might be ~160 kD, in good agreement with
some earlier estimates of the size of the Na/K/Cl
cotransporter protein in other tissues (Haas and
Forbush, 1987, 1988). Our bumetanide-binding stud-
ies also showed that there were approximately 100
pmol of bumetanide-binding sites per mg of rabbit
basolateral membrane protein. Assuming a molecul-
ar weight of 150-200 kD, this indicates that the
Na/K/Cl cotransporter represents 1.5-2% of the to-
tal basolateral membrane protein, making this pre-
paration a particularly rich source of this protein.

In the present paper we have utilized our pre-
vious observation, that the Na/K/Cl cotransporter
can be inactivated by NEM in a bumetanide-protec-
table fashion, to label the rabbit parotid bumeta-
nide-binding protein with [*C]-NEM. The protein
identified in this manner has an apparent molecular
weight of 160 kD. We also show that this protein
is heavily glycosylated with a deglycosylated appar-
ent molecular weight of 135 kD. Finally, we des-
cribe a simple method for purifying this protein
from rabbit parotid basolateral membranes.

Materials and Methods
Preparation of parotid basolateral membranes and

membrane extracts

Basolateral membranes (BLM) were prepared
from rabbit parotid by a Percoll gradient method,
as previously described (Turner et al., 1986). Rela-

tive to the starting tissue homogenate, the activity
of the basolateral membrane marker K* stimulated
p-nitrophenyl phosphatase is enriched approximate-
ly 10 times in this BLM fraction, freshly prepared
BLM were suspended in Buffer A/EDTA (10 mM
Tris/HEPES plus 100 mM mannitol and 1 mM
EDTA) containing 100 mM KCI at a protein concen-
tration of 5-10 mg/ml, then fast frozen in aliquots
and stored above liquid nitrogen.

On the day of the experiment, an appropriate
number of aliquots of frozen BLM were thawed
for 30 min at room temperature, diluted 100 times
with Buffer A/EDTA and centrifuged at 48,000Xg
for 20 min. the resulting pellets were taken up in
Buffer A/EDTA and stored on ice until use.

A BLM detergent extract was prepared as fol-
lows. BLM in Buffer A/EDTA at a protein concen-
tration of 2 mg/ml were diluted 1:1 with a 0.14%
Triton X-100 (w/v; Sigma T-6878) also in Buffer
A/EDTA. This material was left on ice for 30 min
then centrifuged for 5 min at 150,000 Xg in a Beck-
man Airfuge. The supernate from this spin is re-
ferred to as the 0.07% Triton extract.

[“C]-NEM Labeling of Bumetanide-protectable
site

BLM (typically 1-3 ml at ~1 mg protein/ml) were
incubated for 1 hr at room temperature (~25C)
in Buffer A/EDTA containing 100 mM Na gluco-
nate, 5 mM KCl and 30 M bumetanide (in some
experiments bumetanide was omitted or chloride
was replaced by gluconate). Unlabeled NEM (1
mM) was then added and incubation at room tem-
perature was continued for a second hour after
which the membranes were diluted 20-fold with ice-
cold Buffer A/EDTA and centrifuged at 48,000Xg
for 20 min. The resulting pellets were resuspended
in 10 ml Buffer A/EDTA and left at room tempera-
ture for 60 min (to allow for complete dissociation
of bound bumetanide). After the addition of 10 ml
ice-cold Buffer A/EDTA, the BLM were recentrifug-
ed at 48,000Xg for 20 min and resuspended in
Buffer A/EDTA containing 100 mM Na gluconate,
95 mM K gluconate and 5 mM KCI at a protein
concentration ~5 mg/ml. Sites previously unreac-
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ted with NEM in the presence of bumetanide were
then labeled by incubating the membranes with
0.17 mM [*C]-NEM for 60 min at a room tempera-
ture. The BLM were then diluted with 20 ml ice-
cold Buffer A/EDTA, centrifuged as above, washed
again in Buffer A/EDTA and stored above liquid
nitrogen until further use.

SDS-PAGE Electrophoresis

SDS-PAGE was performed essentially as describ-
ed by Laemmli (1970) using a 4% polyacrylamide
stacking gel and either a 7.5% or a 5-15% (conti-
nuous gradient) polyacrylamide separating gel.
Samples were heated at 100C for 2 min in a solu-
tion containing 1% SDS, 0.001% bromophenol blue,
3.3% sucrose and 40 mM dithiothreitol before load-
ing onto the stacking gel. After electrophoresis, gels
were fixed and stained in 20% methanol, 7% acetic
acid and 0.05% Coomassie brilliant blue R250. The
molecular weight markers indicated in the figures
are myosin (200 kD), B-galactosidase (116 kD), pho-
sphorylase B (97 kD), bovine serum albumin (69
kD) ovalalbumin (46 kD), carbonic anhydrase (31
kD), soybean trypsin inhibitor (21.5 kD) and lysoz-
yme (144 kD).

Autoradiography and Densitometry

In some experiments (e.g., Fig. 1) SDS-PAGE
gels was carried out using Kodak X-Omat AR film
(Eastman Kodak, Rochester NY). In this case gels
were presoaked in Enlightening (Dupont NEM) ac-
cording to the manufacture’s instructions. In other
experiments, the C activity of dried SDS-PAGE
gels was scanned using a molecular Dynamics Mo-
del 400A Phosphorlmager (Molecular Dynamics,
Sunnyvale, CA) and images of the resulting autora-
diograph printed on a laser printer (Hewlett Pac-
kard Laserjet II); these are also reffered to as “au-
toradiographs” in the text. Coomassie blue stained
gels were scanned using a Molecular Dynamics
Computing Densitometer. Analyses of scanned au-
toradiographs and gels were carried out using Ima-
geQuant software supplied with the Molecular Dy-
namics instruments.

Glycosidase Treatment

Samples (BLM and 0.07% Triton extracts in Buff-
er A/EDTA, or fractions from preparative electro-
phoresis in Laemm!i running buffer) were diluted
with stock solutions of potassium phosphate (400
mM, pH 74), EDTA (10 mM), 1 mM, 1% and 0.5%,
respectively, heated at 100C for 1 min and diluted
3 fold with 3% Triton X-100 in 40 mM potassium
phosphate buffer (pH 7.3). Endoglycosidase F/N-
glycosidase F was then added in the concentrations
indicated in the figure legends and the sample was
incubated for 18 hr at room temperature. The reac-
tion was stopped by the addition of 1% SDS and
the samples were frozen until further use.

Preparative FElectrophoresis

The 0.07% Triton extract was fractionated with
a Biorad Model 491 preparative SDS-PAGE electro-
phoretic apparatus using a 4% polyacrylamide stac-
king gel and a 5.5% polyacrylamide separating gel
approximately 4.3 cm in length. Proteins were sepa-
rated at 40 mA and 2 ml fractions were collected
at a rate of 0.2 ml/min. Approximately 15 mg% of
extracted protein from ~25 mg of BLM were ap-
plied to a single preparative gel.

Deglycosylated fractions from the above prepara-
tive run were fractionated on the Biorad Model
491 under the same running conditions using a 4%
polyacrylamide stacking gel and 6% polyacrylamide
separating gel approximately 5.3 cm in length.

Fractions from preparative electrophoresis were
concentrated by ultrafiltration on Centricon-30 mic-
roconcentrator (Amicon, Beverly, MA).

Protein determination

Protein was measured by the method of Bradford
(using the Bio-Rad protein assay kit with bovine
IgG as the standard. When detergent was present
in the sample, the Bio-Rad DC protein assay kit
was used instead, with bovine serum albumin as
the standard.

Results
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Effect of Triton X-100 on Bumetanide Binding
to BLM

BLM were treated with the concentrations of
Triton X-100 indicated, then [*H]-bumetanide bind-
ing was measured either in this detergent-treated
material or in the “extract” obtained by centrifug-
ing this material at 150,000Xg for 5 min. To allow
direct comparision of binding to vesicles and ex-
tract, the data are presented as binding per millili-
ter of sample. First, at Triton concentrations <0.1%
there is an apparent “activation” of bumetanide
binding over that found in native vesicles. Second,
as the Triton concentration increases above its
critical micelle concentration (0.02%), there is a
dramatic increase in bumetanide binding activity
in the vesicle extract, and higher detergent concen-
trations (0.075%) all of the bumetanide binding ac-
tivity observed is associated with the extract. In
control experiments it has been verified that there
is, in fact, no detectable bumetanide binding in the
pellets obtained after centrifuging the BLM follo-
wing treatment with Triton concentrations >0.075
%. Finally, at Triton concentrations >0.05% there
is a progressive loss of bumetanide binding activity
with increasing detergent concentration. Thus the
loss of binding activity at higher Triton X-100 con-
centrations was not due to a selective failure of
nitrocellulose filter to retain the bumetanide bin-
ding protein. Owing to its relative convenience we
have used the nitrocellulose filtration assay in most
of our experiments, and only those results are pre-
sented in the studies which follow.

We already showed the protein content of the
vesicle extracts obtained at various concentrations
of Triton X-100. Note that little additional protein
is extracted from the BLM as the Triton X-100
concentration is increased above 0.075%. The 0.07%
Triton X-100 was chosen as the starting point for
the studies which follow. In additional experiments
we have demonstrated that <10% of the bumeta-
nide binding activity found in this extract is lost
after centrifugation at 116,000XgX1 hr. Thus this
material appears to represent a reasonable compro-
mise between a partial purification and solubiliza-
tion of the bumetanide-binding protein and its in-
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Fig. 1. [“CJ-NEM labeling of rabbit parotid BLM.
BLM were incubated with unlabeled NEM in the pre-
sence of 5 mM chloride and 30 uM bumetanide (lane
3 and 4), in the presence of 5 mM chloride but in
the absence of bumetanide (lane 1 and 2), or in the
absence of chloride (replaced by 5 mM gluconate) but
in the presence of 30 uM bumetanide (lane 5 and 6),
then labeled with [“C]-NEM. the figure shows an au-
toradiograph of a 5-15% SDS-PAGE gradient gel of
these three membrane fractions (lane 1, 3, and 5) and
their 0.07% Triton extracts (lane 2, 4 and 6).

activation by higher concentrations of Triton X-100.

Identification of the parotid bumetanide-binding
protein using ['*C]-NEM labeling

As mentioned above, the sulfhydryl reagent NEM
irreversibly inactivates the rabbit parotid Na/K/Cl
cotransporter and bumetanide, by binding to its
high affinity site on the cotransporter, can prevent
this effect of NEM. these observations suggested
a strategy for labeling the cotransporter, or more
accurately its bumetanide-binding moiety, with
[“C]-NEM. Briefly stated, BLM were preincubated
with unlabeled NEM in the presence of bumetanide
(30 pM) to allow for the reaction of NEM with non-
bumetanide protected sites. This preincubation was
carried out in the presence of sodium, potassium
and chloride (100, 100 and 5 mM, respectively) all
of which are required for specific bumetanide

binding to Na/Cl cotransporter (Ks 3 uM under
these ionic conditions). The membrane were then
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washed and incubated with [“C]-NEM in the ab-
sence of bumetanide to allow reaction of radiolabel-
led NEM with sites previously protected by bume-
tanide. The result of this procedure is illustrated
in lane 3 of Fig. 1. Here, BLM labeled with [**C]-
NEM, as just described, were run on SDS-PAGE
and visualized by autoradiography. Control BLM
treated identically to those in lane 3 but preincu-
bated with unlabeled NEM in the absence of bume-
tanide are shown in lane 1. Inspection of these two
lanes reveals a striking diffuse band of “C-NEM
labeling at an apparent molecular weight of approx-
imately 160 kD in bumetanide-protected membra-
nes (lane 1). This is seen even more clearly in la-
nes 2 and 4 which are the 0.07% Triton extracts
of BLM run in lanes 1 and 3, respectively. Only
five regions of significant [1*C]-NEM labeling are
seen in these extracts and of these, only the band
at 160 kD is protected against unlabeled NEM by
bumetanide. In 18 experiments of type, we find an
apprarent molecular weight of 161+ 7 kD for this
bumetanide-protected band.

Lane 5 if Fig. 1 corresponds to BLM which were
treated identically to those in lane 3 except that
the preincubation with unlabeled NEM in the pre-
sence of bumetanide was carried out in the absence
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Fig. 2. Photography of a Coomassie-blue-stained 5-15%
SDS-PAGE gel of rabbit parotid BLM (left lane) and
their 0.07% Triton extract (right lane).

of chloride. Under these conditions, bumetanide is
unable to bind its high affinity site on the Na/K/Cl
cotransporter and thus would not be expected to
provide protection against NEM. The 0.07% Triton
extract of these membranes is shown in lane 6.
Comparison of lanes 5 and 6 with lanes 1-4 demon-
strates that the effect of removing chloride during
the preincubation with unlabeled NEM is essential-
ly identical to that of omitting bumetanide. Thus,
the ability of bumetanide to protect the 160 kD
protein against unlabeled NEM also shows the
same chloride dependence which characterizes the
binding of bumetanide to Na/K/Cl cotransporter.

5

Fig. 3. Effect of deglycosylation on the 160 kD [*C]-
NEM-labeled bumetanide-binding protein. BLM were
labeled with [“C]-NEM as described for lane 3 of
Fig. 2. A portion of these membranes and their 0.07%
Triton extracts were then incubated for 18 hr with
endoglycosidase F/N-glycosidase F (1 U/mg BLM pro-
tein). The BLM before and after glycosidase treatment
(lane 1 and 2, respectively) and their corresponding
0.07% Triton extacts (lane 3 and 4, respectively) were
then run on the same 7.5% SDS-PAGE gel. The top
panel shows the resulting Coomassie-blue stained gel
and the bottom panel its autoradiograph. The arrow
indicates the 135 kD band.
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Fig. 4. Purification of the parotid bumetanide-binding
protein-samples from the first preparative electropho-
resis run before and after deglycosylation. The figure
shows a photograph of a Coomassie-blue stained
(dried) 7.5% SDS-PAGE slab gel. Lane 1, 3, 5 and 7
contain fractions obtained from preparative electropho-
resis of the 0.07% Triton extract carried out as descri-
bed in the text. These same fractions after treatment
with endoglycosidase F/N-glycosidase F (~0.5 U/ml)
are shown in lanes 2, 4, 6 and 8, respectively.

Taken together with other previous results provide
strong evidence taht the 160 kD protein labeled
with [“C]-NEM in lanes 3 and 4 of Fig. 1 is a
part or all of the bumetanide binding protein of
the rabbit parotid basolateral membrane previously
characterized functionally and physically and that
this protein is a part or all of the Na/K/Cl cotrans-
porter of this tissue.

In Fig. 2 a photograph of a Coomassie-blue stain-
ed gel rabbit parotid BLM (left lane) and their
0.07% Triton extract (right lane) is shown for com-
parison purposes.

Effects of glycosidase

The somewhat diffuse nature of the 160 kD band
identified above gave a preliminary indication that
the parotid bumetanide-binding protein might be
glycosylated. The effect of treating [“C]-NEM
labeled rabbit parotid BLM with a commercially
available mixture of endoglycosidase F and N-gly-
cosidase F is shown in Fig. 3. Coomassie-stained
gels are shown in the top panel and their corre-
sponding autoradiographys in the bottom panel. In
each case, lane 1 correspond BLM before treatment
with glycosidase, lane 2 to glycosidase-treated BLM,
lane 3 to the 0.07% Triton extract from the BLM
in lane 1 and lane 4 to the glycosidase-treated 0.07
% Triton extract. Focusing first on the autoradio-
graphys (bottom panel), it is immediately obvious

that the diffuse band at approximately 160 kD, iden-
tified above as the parotid bumetanide-binding pro-
tein, is dramatically narrowed and shifted down-
ward lower Mr’s after treatment with endoglycosi-
dase F/N-glycosidase F (arrow). In 14 experiments
of this type, we find an apparent molecular weight
of 134+ 6 kD for this deglycosylated protein. Focu-
sing now on the Coomassie-stained gels, we see
the appearance of a corresponding protein band at
approximately 135 kD in both BLM and their 0.07%
Triton extract following glycosidase treatment (ar-
row). Given the above results, this band is almost
certainly the parotid bumetanide-binding protein.

The endoglycosidase F/N-glycosidase F mixture
cleaves most common N-linked glycans from glyco-
proteins (Edler and Alexander, 1982; Plummer ef
al., 1984). In additional experiments (not shown),
we say little or no effect on the “C-labeled band
at 160 kD when the 0.07% Triton extract was treat-
ed with endoglycosidase H, endoglycosidase D, O-
glycosidase or neuraminidase. Furthermore, no sig-
nificant difference could be detected between treat-
ment with endoglycosidase F/N-glycosidase alone
and endoglycosidase F/N-glycosidase in combina-
tion with all of these other glycosidases (data not
shown).

Purification of the 135 kD protein

By taking advantage of the facts that (i) the bu-
metanide-binding protein is relatively abundant in
our rabbit parotid basolateral membrane prepara-
tion, and (i) that the apparent molecular weight
of the bumetanide-binding protein shifts quite dra-
matically (25 kD) following deglycosylation (Fig. 3),
we have devised a relatively simple procedure for
purifying this protein by preparative SDS-PAGE
electrophoresis. A 0.07% Triton extract was first
run on preparative electrophoresis as described in
Materials and Methods. Fractions containing pro-
teins in the 160 kD range were then identified on
SDS-PAGE slab gels. These were pooled in lots
of 2-3, deglycosylated with endoglycosidase F/N-
glycosidase F, and rerun on SDS-PAGE slab gels
along with their glycosylated precursors. An exam-
ple of the results of this procedure is illustrated
in Fig. 4. Here the even-numbered lanes contain
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Fig. 5. Purification of the parotid bumetanide-binding
protein-sample from the second preparative electro-
phoresis run, The figure shows a photograph of a Coo-
massie-blue stained (dried) 7.5% SDS-PAGE slab gel.
Lane 1-4 show alternate fractions from the second pre-
parative electrophoresis run described in the text.

deglycosylated materials and the odd-numbered
lanes to their left contain the original (pooled)
fractions from preparative electrophoresis (note that
for practical reasons the same amount of protein
has not been run in each lane). Based on these
electrophoretic patterns, one can see that the degly-
cosylated fractions in lanes 4 and 6 are largely
made up of protein displaying a dramatic shift in
molecular weight following glycosidase treatment
(from approximately 160-135 kD) and containing lit-
tle contamination from other non-glycosidase-affect-
ed species. These fractions would therfore be ex-
pected to be highly enriched in the bumetanide
protein. The enriched samples identified above
would typically be pooled and concentrated by
ultrafiltration, rerun on preparative electrophoresis
as described in Materials and Methods, and the
resulting fractions rescreened on SDS-PAGE slab
gels. An example of such a rescreening is shown
in Fig. 5. In this case, every other fraction from
the second preparative run was examined. the frac-
tions in lanes 2 and 3 and the additional fraction
which eluted between them would typically be cho-
sen for our final 135 kD protein-enriched prepara-
tion. The fractions which preceded the one in lane
2 and followed the one in lane 3 would also be
subsequently examined on SDS-PAGE (in this case
they were also chosen for inclusion in the final pre-
paration). In five independent preparations follo-

wing the above procedure, the final yield of electro-
phoretically purified protein prepared by this me-
thod was found to be 0.60% 0.09% of the total star-
ting BLM protein.

Preparative electrophoresis was not routinely car-
ried out on [MC]-NEM labeled membranes; how-
ever, the results of one such experiment is illus-
trated in Fig. 6. This figure shows an autoradio-
graph of an SDS-PAGE slab gel in which BLM (lane
1), their 0.07% Triton extract (lane 2), pooled enri-
ched samples from the first preparative electropho-
resis step before (lane 3) and after (lane 4) deglyco-
sylation, and the final purified 135 kD protein (lane
5) were run. It is clear from this figure that the
[“C]-NEM labeling we have associated with the
parotid bumetanide-binding protein in this study
copurifies with our final protein fraction (lane 5).
By determining the relative amouns of protein run
on this gel from densitometry of Coomassie blue
staining, and the relative amounts of radioactivity
in the 160 kD band of the 0.07% Triton extract
and the 135 kD band corresponding to the final
purified protein, it is possible to estimate the enri-
chment of the [“CJ]-NEM labeled final purified
protein. In this way, we find that the final purified
135 kD protein fraction is enriched approximately
48 times relative to the 0.07% Triton extract.

Discussion

Many researchers have attempted to identify the
molecular constituents of the Na/K/Cl cotransport-
er. Pewitt ef al. (1988) have demontrated that, when
solubilized calf renal outer medullary membranes
are passed over an affinity chromatography column
consisting of the bumetanide analogue 4-p-amino-
bumetanide coupled to Affigel-10, a 160 kD protein
is retained and can be subsequently eluted with
excess bumetanide. Dunham ef al. (1990) and Feit
et al. (1988) have also used affinity chromatographic
techniques with a bumetanide analogue to identify
proteins with molecular weights ~82 and ~39 kD
in membranes from Ehrlich ascites tumor cells. An-
tibodies raised against these proteins strongly inhi-
bited Na/K/Cl cotransport activity (Dunham et al.,
1990) and cross-reacted with a 150 kD protein from
mouse kidney (Haas ef ai., 1991). In radiation inac-
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tivation studies, Kinne and collaborators (1984)
found a target size of 83 kD for sodium transport
activity via the cotransporter from the rabbit renal
outer medulla.

Jorgensen, Petersen, and Rees (1984) found a 34
kD polypeptide which was photolabeled with [*H]-
bumetanide when pig renal outer medullary mem-
branes, preincubated with thw labeled drug, we ir-
radiated with light at 345 nm (an absorptive maxi-
mum for bumetanide). O'Grady et al. (1987) identi-
fied a 6 kD peptide in both winter flounder intes-
tine and bovine Kkidney that was also photolabeled
with [®*H]-bumetanide. Using [*H]-azidopiretanide,
photoreactive bumetanide analogue, DiStephano et
al. (1986) have photolebeled a 24 kD protein in iso-
lated pig thick ascending limbs of Henle’s loop.
Using similiar techniques with another bumetanide
analogue, [3H]-4-benzoyl-5-sulfamoyl-3-(3-theny-
loxy)-benzoic acid ((*HJ-BSTBA), Haas and collabo-
rators have photolabeled 150 kD proteins in dog
(Haas and Forbush, 1987) and mouse (Haas ef al.,
1991) renal medullary membranes and in duck red
blood cells (Haas and Forbush, 1988), as well as
a 196 kD from the shark rectal gland (Forbush et
al., 1992; Lytle et al., 1992).

More recently Lytle et al. (1992) have purified
the 195 kD protein from shark rectal gland indenti-
fied by [*H]-BAPTA labeling and developed a panel
of monoclonal antibodies directed against it. With
these antibodies they were able to demonstrate that
this protein is heavily glycosylated with a deglyco-
sylated apparent weight of 135 kD and that it is
localized to the basolateral membrane of the rectal
gland secretory cell (Lytle ¢t al., 1992). These anti-
bodies also cross-react with a 170 kD protein from
the avian salt gland thought to be the Na/K/Cl co-
transporter of that tissue (Torchia et al., 1992). In
additional studies, Lytle and Forbush (1992) have
shown that phosphorylation of the 195 kD protein
in intact rectal gland cells in response to secretago-
gues closely parallels activation of the Na/K/Cl co-
transporter.

In the previous work with the Na/K/Cl cotrans-
porter of the rabbit parotid (Turner and George,
1988), a somewhat different approach has been at-
tempted to purify the solubilized transport protein
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Fig. 6. Purification of the [C]-NEM labeled bumeta-
nide-binding protein. BLM were labeled with [*C]-
NEM as described in Materials and Methods and sub-
jected to the purification procedure for 135 kD bume-
tanide-binding protein described in the text. The figure
is an autoradiograph of an SDS-PAGE slab gel. The
samples shown are BLM (lane 1), their 0.07% Triton
extract (lane 2), pooled enriched samples from the first
preparative electrophoresis step before (lane 3) and
after (lane 4) deglycosylation, and the final purified
135 kD protein (lane 5).

by sucrose density centrifugation while preserving
its bumetanide-binding activity. In these experi-
ment, we identified a bumetanide-binding protein-
detergent-lipid complex with a molecular weight ~
200 kD we suggested might correspond to a ~160
kD detergent free protein.

At present, it is still not clear what the relation-
ships are among the various proteins enumerated
above and Na/K/Cl cotransporter/bumetanide bind-
ing protein. It seems reasonable to assume that at
least some of this lack of concensus is due to the
identification of various protein subunits or degra-
dation products. The work described in this paper,
however, strongly correlates with the results of
Haas, Lytle and Forbush (Haas and Forbush, 1987,
1988; Haas et al., 1991; Forbush et al., 1992; Lytle
and Forbush, 1992; Lytle et al., 1992) outlined
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above, while using a completely independent ap-
proch. We demonstrate here the presence of a 160
kD protein in rabbit parotid basolateral membrane
that can be labeled with [**CJ-NEM in a bumeta-
nide-protectable fashion (Fig. 1). The specificity of
this labeling and our previous evidence for the
existence of an essential sulfhydryl group closely
associated with the bumetanide-binding site on the
Na/K/Cl cotransporter (George and Turner, 1988)
provide strong evidence that this 160 kD protein
is a part or all of the parotid bumetanide-binding
site. The molecular weight of this protein also ag-
rees well with a number of these earlier estimates
from [®*H]-BATBA binding (Haas and Forbush,
1987, 1988; Pewitt et al., 1988; Hass ef al., 1991).
Furthermore, although the molecular weight of pro-
tein identified as the Na/K/Cl cotransporter in the
shark rectal gland using [®*HJ-BATBA binding is
195 kD (Forbush et al., 1992; Lytle ef al., 1992),
we show here that the molecular weight of the pa-
rotid bumetanide binding protein decrease to 135
kD following deglycosylation (Fig. 3), as does its
counterpart in the shark rectal gland. Whether
Na/K/Cl cotransporter from other tissues will prove
to be as heavily glycosylated as those from these
two secretory epithelia remains to be solved.

We have made use of the relatively large change
in molecular weight of the parotid bumetanide-
binding protein following deglycosylation (25 KD)
to purify it using two preparative electrophoresis
steps (Figs. 4 and 5). It was anticipated that this
procedure might be quite successful owing to the
relative abundance of the bumetanide-binding pro-
tein in the parotid basolateral membrane (with a
molecular weight of 135 kD the bumetanide-
bind- ing protein is expected to make up approxi-
mately 2% of the total protein in the 0.07% Triton
extract of the basolateral membrane, the starting
material for the first preparative electrophoresis
step). This was confirmed by carrying out prepara-
tive electrophoresis procedure on [“CJ]-NEM labe-
led mem- brane and estimating the enrichment of
the “C- labeled final purified protein (Fig. 6). This
enrichment (48 times relative to the 0.07% Triton
extract) was close to the theoretical maximum (app-
rox. 50 times), indicating a very high degree of pu-
rity of the 135 kD fraction. the yield from this puri-

fication method was also quite good: 0.5% of the
total starting basolateral membrane protein, or
equivalently 1% of the protein in the 0.07% Triton
extract. Using material from this preparative proce-
dure, the avalability of this relatively simple proce-
dure of purifying the parotid bumetanide-binding
protein should greatly faciltate future determina-
tions of its biophysical and biochemical properties.
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