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Summary. When a fluorescent stilbene was added to epithelial
plasma membrane suspension the emission spectrum showed a
broad peak containing overlapping emissions resulting from dif-
ferent adducts. By focusing on a specific emission wavelength a
common site having a dissociation constant of =5uM was calcu-
lated in the rat kidney, small intestine, pancreatic islets and
shark rectal gland. This binding could be displaced by loop di-
uretics, (e.g., furosemide with an ICs of 40 uM), DIDS (k; 1 um)
and thiocyanate. These results pose certain questions such as: (i)
whether the evidence for multiple peaks are due to specific inter-
actions representing multiple binding affinities and (i) whether
the binding of stilbene and the observed displacement can be
identified on a specific protein. Separating the proteins present in
the purified basolateral and brush-border membranes by SDS-
PAGE, transfer of these proteins onto nitrocellulose paper and
labeling of the nitrocellulose strips by radioactive BADS (4-ben-
zamido-4'aminostilbene-2-2'disulphonic acid) and bumetanide
could identify labeled proteins. These experiments showed that
whereas some proteins bound either BADS or bumetanide, one
protein with a molecular weight of =100 or 130,000 D appeared
to bind both. This protein was found on the basolateral mem-
brane in the rat kidney cortex and medulla and the shark rectal
gland and in the basolateral and brush-border membranes of the
small intestine. Displacement of the protein-bound stilbene by
loop diuretics could not be quantitated on the nitrocellulose
transfer strips for this protein. Antibodies raised against the cy-
toplasmic fragment of band 3 reacted with the stilbene-labeled
100-130,000 D proteins indicating sufficient immuno-cross-reac-
tivity between the separate species. These experiments involving
binding of BADS and bumetanide and cross-reactivity with the
human band 3 antibody suggest that these kilodalton proteins
could structurally resemble human band 3.

Key Words band 3 - stilbene - bumetanide - rat kidney - small
intestine - shark rectal gland

Introduction

Binding interactions of stilbenes with plasma mem-
branes were examined previously using fluores-
cence measurements with an extrinsic probe

BADS! (Pearce & Zadunaisky, 1990). Addition of
BADS to plasma membranes from the rat kidney
cortex, kidney medulla, small intestine and pancre-
atic islets, shark rectal gland vesicles and frog cor-
neal epithelium showed a broad emission spectrum
representing multiple peaks of bound BADS. Al-
though a saturable binding to BADS with a dissocia-
tion constant of =5uM was obtained by narrowing
the measurements to one discrete wavelength, there
were other fluorescence emission peaks that could
represent stilbene-sensitive sites of interest.

The stilbene binding was displaced by submilli-
molar to micromolar concentrations of loop diuret-
ics (furosemide, bumetanide and piretanide), DIDS
and thiocyanate in all of the above tissues except
the frog corneal epithelium (displacement was not
documented in the pancreatic islets), and the affin-
ity for BADS binding was reduced in the presence
of excess chloride except in the case of the frog
cornea where it remained unchanged. This displace-
ment of BADS by loop diuretics could have been
observed as a result of electrostatic interactions and
has not been reported before. Apart from the ques-
tions raised above there are additional points that
need to be answered such as (i) whether BADS and
the loop diuretics bound to the same protein or to
two separate proteins acting synergistically to show
the displacement, (ii) if the molecular weights of
these proteins were similar to band 3 or band 3 ana-
logs reported in the literature, (ii) whether they
were located on BLM or BBM, and (iv) if there
were additional proteins labeled by either BADS or

! Abbreviations: BADS: (4-benzamido-4'aminostilbene-2-
2'disulphonic acid); SITS: (4-amino-4’isothiocyanostilbene-2-2'-
disulphonic acid); DIDS: (4-4'diisothiocyanostilbene-2-2'disul-
phonic acid); BBM: brush-border membranes; BLM: basolateral
membranes; RBC: red blood cell ghosts or human erythrocyte
ghosts; RHS: right-hand side; LHS: left-hand side.
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bumetanide. To answer these questions the follow-
ing approaches were applied.

Membrane proteins were separated by gel elec-
trophoresis, transferred onto nitrocellulose and in-
cubated with radioactive BADS and/or bumetanide
to identify binding of these substances to one or
more proteins. Thus, the proteins that bind either or
both radiolabeled BADS and bumetanide could be
identified. The molecular weights of the labeled pro-
teins could be calculated by comparing with known
standards. Displacement of radiolabeled BADS by
bumetanide could also be carried out on nitrocellu-
lose sheets with loop diuretics and DIDS. In addi-
tion to the binding studies discussed previously, if
similarities were found between these labeled pro-
teins to band 3 of the red cell one could expect some
sequence homology between species. So the sepa-
rated proteins were tested on a Western blot for
binding to the antibody raised against the cytoplas-
mic fragment of band 3. Previously, antibody label-
ing studies have been carried out with kidney
plasma membranes (Drenckhahn & Schluter, 1985)
and in the dark epithelial cells of turtle bladder
(Drenckhahn et al., 1987) where the relative molec-
ular weights were 130,000 and 110,000 Da, respec-
tively. These authors have stated that these pro-
teins are anion exchangers like band 3 of the red
cell. Our studies showed one predominant protein,
in all the epithelia studied except in the frog cornea,
which bound both BADS and bumetanide and had a
molecular weight in the kilodalton range. This pro-
tein showed varied cross-reactivity against the anti-
body from the cytoplasmic fragment from human
band 3. These data suggests that the protein identi-
fied could be structurally similar to band 3, but does
not necessarily conclude that its function resembles
band 3.

Materials and Methods

All buffer preparations were carried out with salts obtained from
Sigma Chemical. Radiolabeled BADS was prepared as described
previously (Pearce & Zadunaisky, 1990), and its activity was
13.5 nCi/um. Radiolabeled bumetanide was a gift from Dr.
Kinne (Max Planck Institute, Dortmund), and its activity was 15
Ci/mM. Cultured SV-40 (HIT) cells was a gift from Drs. Steve
Richardson and Norman Altschuler (New York University,
School of Medicine, New York).

MEMBRANE PREPARATION

Human erythrocyte ghosts were prepared from freshly outdated
blood as previously described (Steck & Kant, 1974) by hypotonic
lysis.

The kidney and intestinal membranes were separated into
BLM and BBM vesicles. The rationale behind attempts to isolate

the luminal and contraluminal areas of the cell membrane of
epithelial cells was based on the different composition of the
membranes. The methods used to separate BBM utilize Mg or
Ca divalent cations to crosslink with BBM and to change the
density of the membranes. The BLMs which resemble plasma
membranes from less polarized cells were isolated by differential
centrifugation followed by a density-gradient centrifugation.
Sprague-Dawley rats (NYU Berg facility) 180-200 g body wt
were used for obtaining kidney and small intestinal membranes
and pancreatic islets. Intestinal mucosa was gathered and sus-
pended in 50 ml of 250 mM sucrose, 10 mm triethanolamine hy-
drochloride at pH 7.6 and homogenized. BBMs were isolated by
calcium precipitation followed by purification using density-gra-
dient centrifugation (Schmitz et al., 1975). The BLMs were also
isolated using density-gradient centrifugation as previously de-
scribed (Scalera et al., 1980).

The excised kidneys were separated into renal cortex and
medulla; the tissues were homogenized independently in 250 mm
sucrose, 10 mM HEPES/Tris, pH. 7.6. The BBMs were prepared
by calcium precipitation, and the BLM of the kidney cortex and
medulla were isolated as described by Kinsella et al. (1979). The
membranes were purified by sucrose-gradient centrifugation.
Gradient fractions collected from the intestinal and kidney prep-
arations were assayed for alkaline phosphatase (E.C.3.1.3.1,
BBM marker) and Na-K ATPase (E.C.3.6.1.3, BLM marker)
using the methods described by Berner and Kinne (1976). Those
fractions containing the purified BBM with the highest alkaline
phosphatase and the lowest Na-K ATPase activities were
pooled. similarly, those fractions containing the purified BLM
with the highest Na-K ATPase and the lowest alkaline phospha-
tase activities were pooled. The membranes were also assayed
for 5’ nucleotidase (E.C.3.1.3.2, plasma membrane marker) and
succinate dehydrogenase (E.C.1.3.99.1, mitochondrial mem-
brane marker) (Evers et al., 1978).

Marker enzyme activities measured were similar to the
ones reported in the literature (Evers et al., 1978; Chen &
Verkman, 1987). The BBM were enriched in alkaline phospha-
tase activity 18-fold over the crude homogenate in the kidney and
in the intestine, whereas the Na-K ATPase activity was reduced
to 0.3-fold. Quabain-inhibitable Na-K ATPase activity in the
BLM was enriched 15-fold in the kidney and 12-fold in the intes-
tine, and the alkaline phosphatase activity was reduced to 0.25-
fold over the homogenate. The activity of 5' nuclectidase was
present in all the membranes, and succinate dehydrogenase ac-
tivity was reduced to 5% in all the membranes.

The rectal gland from dogfish Squalus acanthias was re-
moved and placed in shark Ringer’s for vesicle preparation. The
membranes were isolated as previously described by Hannafin et
al. (1983). Analysis of Na-K ATPase activity showed a four fold
increase of enzyme activity of membrane pellet over homoge-
nate. The membranes were frozen at —70°C until used.

Pancreatic islets were prepared by the technique of tissue
dissociation with collagenase (Neilsen & Lernmark, 1983) and
subsequent incubation in culture medium. The islets were ho-
mogenized in buffered 250 mm sucrose, and the plasma mem-
branes were isolated by an initial low-speed spin (750 X g) to
remove intracellular material, followed by a high-speed spin at
45,000 % g.

The culture medium was poured off the SV-40 (HIT) cells,
and they were washed with 5 ml of 10X PBS—1 mm EDTA. The
cells were dislocated from the culture flask by shaking in PBS-
EDTA. The cells were collected by centrifugation at 2,500 X g.
They were then ruptured by sonication in buffered sucrose, a
low-speed spin (750 x g) removed intracellular material, and the
membranes were isolated at 45,000 X g.
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The frog corneal cells were obtained by a method of Gipson
and Grill (1982) where, twelve frogs, Rana catesbiana were sac-
rificed by decapitation and pithing. The cells, dislodged from the
stroma by the action of Dispase, were washed repeatedly with
PBS to remove Dispase and were subsequently ruptured by soni-
cation, and the membranes were isolated using the procedure for
the HIT cells. The membranes of the pancreatic islets, the frog
cornea and the HIT cells were not separated into BBM and BLM
as the quantities of membranes obtained were very small.

PoLyYACRYLAMIDE GEL ELECTROPHORESIS IN SDS

Electrophoresis was performed using gels containing 7.5 or 10%
acrylamide including bis, 0.2% SDS following the procedure of
Laemmli (1970) which was further adapted by Fairbanks, Steck
and Wallach (1971). Samples were prepared for electrophoresis
by adding the following to the stated final concentrations: 1%
SDS, 50% glycerol, 10 mm Tris-HCl at pH 8, 1 mm EDTA at pH
8, 40 mm B-mercaptoethanol and 10 mM bromophenol blue, a
tracking dye. The solutions were incubated at 37°C for 15-20 min
to promote reduction of disulphide bonds. Molecular weight
markers were treated in the same manner. Electrophoresis was
carried out using clear sample solutions in a slab gel apparatus
with 1 liter of noncirculating buffer. Gels were stained using
Coomassie brillant blue. The proteins were observable in suffi-
cient density so as to avoid silver staining. Apparent molecular
weights were obtained by comparing the separated bands with
standards by plotting graphically the molecular weights against
the R/'s. Calculated values were taken to be useful estimates
rather than true molecular weights owing to the limitation of
SDS-PAGE (Steck, Ramos & Strapazon, 1976).

ELECTROPHORETIC TRANSFER AND
AUTORADIOGRAPHY OF SDS GELS

Detection and analysis of electrophoretically resolved proteins
were performed by transferring these molecules onto nitrocellu-
lose paper and further labeling these molecules with [C] BADS
and [H] bumetanide, or alternatively, by reacting them with
rabbit polyclonal antibodies raised against the cytoplasmic frag-
ment of human band 3. The transfer and labeling of bands from
acrylamide gels (Western blotting) has been extensively de-
scribed (Erickson, Minier & Lasher, 1982; Gershoni & Palade,
1982). Samples were run in triplicate. The strips were washed in
PBS to remove blotting buffer. One set of strips was stained
where the staining established the efficiency of transfer and the
position of the bands. The remaining strips were not blocked
with BSA before incubation with radiolabeled compounds as
both BADS and bumetanide showed binding to BSA. These
strips were incubated in PBS containing 100,000 cpm of '“[C]
BADS or *[H] bumetanide for 30 min. The strips were removed
and washed once with PBS containing 5% BSA and twice with
PBS or three times with PBS alone.

One set of strips was stained with fast green. Another set of
strips was air dried, sprayed with Enhance® (National Diagnos-
tics) and placed against an X-ray sensitive film at —70°C to obtain
autoradiographs (Laskey & Mills, 1975). The third set of strips
was sliced into 1-mm pieces and counted in scintillation vials
containing scintillation fluid 10 m! of (Liquiscint®, National Diag-
nostics). The bands in all three samples were compared to deter-
mine those that were labeled.

Rabbit polyclonal antibodies were raised against the chy-
motryptic fragment from the cytoplasmic region of the protein

band 3 from the human erythrocyte membrane (Fukuda et al.,
1978). They were purified (Fukuda et al., 1978; Pasternack et al.,
1985) and incubated with the transfer strips obtained from the
SDS-PAGE. The antibodies, bound to the blocked nitrocellulose
transfer strips, were further cross-reacted with goat anti-rabbit
IgG (H + L) horseradish peroxidase conjugate and stained using
the standard HRP color development procedure (Towbin,
Staehlin & Gordon, 1979; Karcher et al., 1981).

DISPLACEMENT OF MEMBRANE-BouND BADS

Displacement of BADS by bumetanide or DIDS was examined
on the nitroceliulose transfer strips containing the proteins. The
displacements were measured by incubating the nitrocellulose
strips with varying concentrations of either bumetanide or DIDS
(1075-10~3 ™) for 30 min, washing either once with PBS contain-
ing 5% BSA and twice with PBS or three times with PBS and
subsequently adding 5 uM BADS. The strips were incubated in
BADS for 30 min and then washed twice with PBS containing 5%
BSA and three times with PBS alone. The strips were cut into 1-
mm pieces and then counted using both ratio 3[H]:'"#[C] and
single-channel modes.

Results

SDS-PoLYACRYLAMIDE GEL ELECTROPHORESIS,
TRANSFER, LABELING AND AUTORADIOGRAPHY

Electrophoresis of membrane proteins in 10 and
7.5% SDS gels showed multiple bands in all of the
tissues examined. These Bands were reproducible if
the conditions of the electrophoresis were strictly
adhered to. The intensity and the sharpness of some
of the minor bands were affected by changes in pH
and buffer composition. The gel profile indicated
that, when compared to the red cell, the composi-
tion of proteins in the plasma membranes was much
more complicated, and the ratio of BADS-sensitive
protein to other membrane proteins was reduced.
Molecular weight estimates for components labeled
were obtained by rigorous calibration of gels with
molecular weight markers. The SDS-PAGE gels
were transferred onto nitrocellulose paper, and the
paper was treated with labeled “[C] BADS or [H]
bumetanide in PBS. The densitometer readings of
the autoradiographs from the nitrocellulose strips
were automatically corrected for the opacity of the
background. Background counts (60-200 cpm)
were obtained, either from nitrocellulose strips that
did not contain protein or contained a minor trace of
protein. o -

If the strips obtained after transfer were not
washed with 5% BSA there were many more pro-
teins labeled by both BADS and bumetanide (Fig.
1). There are a significant number of sites labeled
that may or may not have functional significance,
For example, in Fig. 1 both BADS and bumetanide
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Fig. 1. Labeling of gels with “[C] BADS or *[H] bumetanide.
The gels are incubated with either radiolabeled BADS or bume-
tanide, and in this case, they are not washed with 5% BSA. The
red cell labeled with BADS (—) and the kidney cortex BLM
labeled with BADS (- - -) and with bumetanide (- - -) are shown.

appear to label a number of proteins in the rat kid-
ney cortex BLM. The red cell also shows a larger
background for BADS-bound strips. If the strips
were washed with 5% BSA those proteins with a K,
> K, of BSA will be unlabeled. Thus, some of the
low affinity (nonspecific) labeling can be removed
by washing with 5% BSA, and the remaining bands
are shown in Fig. 2.

In the red cell (Fig. 24) the major protein la-
beled by BADS and bumetanide is the broad diffuse
band at 95,000 =+ 6,000 Da. The diagram to the left
shows densitometer readings from the “[C] autora-
diograph and the counts obtained from labeled bu-
metanide and BADS strips. The [C] autoradio-
graph (Fig. 2A;b) shows that band 3 is labeled.
These autoradiographs are not distinct, as "[C], a 8
emitter, appears to produce weak bands. The 3[H]
bumetanide autoradiographs were not clear, in spite
of the high activity of bumetanide; therefore, only
the data from the counted strips are shown. The
results are similar to those reported in the literature
(Drickamer, 1980). In the rat kidney BLM (Fig. 2B)
BADS and bumetanide both bind to a large mol. wt,
protein at 120,000 Da. Bumetanide also shows low-
level binding to proteins at 90,000, 75,000 and
50,000 Da; BADS to a protein at 45,000 Da. The
proteins at 90,000 and 75,000 Da can loose their
radiolabel by washing with 5% BSA; (Fig. 2B) the
remaining radiolabel on these proteins is very low.
Similar information is obtained for the small intesti-
nal BLM (Fig. 2C) and the shark rectal gland (Fig.
2D). In the case of the shark the major protein la-
beled lies at =100,000 Da. There are other proteins
that react with bumetanide in the rectal gland; they
lie at 180,000, 90,000 and 48,000 Da (Fig. 2D). The
autoradiographs of the gels shown in Fig. 2 have all
been washed with 5% BSA, and hence, only show
the relative high affinity radiolabels. The rat intesti-

Fig. 2. Densitometer readings from “[C] autoradiographs and
counts from [C}- and 3[H]-labeled nitrocellulose transfer strips
and 10% gels from SDS-PAGE. The graphs and gels shown are
taken from one set of experiments. The numbers used are the
average from all the sets of experiments. These gels and nitrocel-
lulose strips shown below have been washed with 5% BSA;
therefore, the additional bands indicated in the text, which can
be washed away by BSA, are not visible. This weak binding has
been illustrated for two tissues in Fig. 1. The graphs are plotted
with molecular weights on the x-axis vs. radioactivity or absorb-
ance on the y-axis. The counts for the binding of *[H] bumetanide
(-@-@-), “[C] BADS (-A-), and densitometer readings from the
autoradiographs (- - -) are shown. (4) The red cell ghosts show
bindings of both BADS and bumetanide to band 3 at 92,000 Da.
The 10% SDS gel (a), its *[C] autoradiograph which shows label-
ing predominantly of the 95,000 + 6,000 Da protein and (¢) mo-
lecular weight standards are shown. (B) The kidney plasma mem-
branes (a), the purified BLLM (b); the “[C] autoradiograph and a
molecular weight (d) standards appear to the right of the line
drawings of the labeled 120,000 % 6,000 Da protein on the kidney
BLM. (C) The line drawings of the small intestinal BLM show
binding of BADS and bumetanide to a protein at 120,000 £ 6,000
Da on the LHS. The gels of the small intestinal plasma mem-
branes (a), small intestinal purified BLM (b), the autoradiograph
of bound BADS (¢) and the molecular weight standards (d) are on
the RHS. (D) The shark rectal gland shows binding of both
BADS and bumetanide to a protein which appears at 100,000 =
5,000 Da, whereas bumetanide also labels protein at 200,000,
90,000 and 48,000 Da. The SDS gels of the basolateral membrane
of the rectal gland (a); the autoradiograph from bound BADS (b)
and the molecular weight standards (c¢) are shown. There are
other smaller molecular weight proteins labeled by both BADS
and bumetanide in all of these other tissues, and they appear in
the range of 50,000-45,000 Da.

-
Y

nal BBM (Fig. 3a), the stilbene-labeled protein, ap-
pears to have a slightly slower mobility than that
observed for the kidney and small intestinal BLM
and gives a mol. wt. of 125,000 Da. The rat kidney
medulla BLM (Fig. 3d) shows labeling of a 120,000
and a 45,000 Da protein, respectively. The frog cor-
nea (Fig. 3¢) and the kidney cortex BBM (Fig. 3b)
do not show labeling of a kDa protein but of a low
mol. wt. protein of > 50,000 Da. Bumetanide ap-
pears to bind to a minor protein of 48,000 dalton
mol. wt. in the rat kidney cortex BBM and in the
frog cornea. There is also a band in the rat intestinal
BBM with weak affinity to bumetanide and appears
at 45,000 Da. The pancreatic islets (Fig. 3¢) and the
B cell are both labeled albeit weakly at 120,000 Da.
The overall binding of BADS and bumetanide to rat
pancreatic islets (Fig. 3¢) is very weak and is depen-
dent on the amount of protein in the membrane
which appears to be correspondingly small. The es-
timated molecular weights of all the proteins labeled
are listed in the Table.

The y-axis in Figs. 2 and 3 cannot be compared
quantitatively since these figures are obtained from
different gels and there are variations in the quanti-
ties of protein loaded on each gel. It is deceptive
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Table 1. SDS-PAGE and autoradiography

Membranes [*“C] BADS [*H] Bumetanide Antibody?
Human erythrocyte ghosts 100,000 100,000 100,000
48,000
Shark rectal gland vesicles® 100,000 >200,000 (weak) 100,000
100,000
90,000 (weak)
48,000
Kidney cortex basolateral 120,000 120,000 120,000
45,000 50,000
Kidney medulla basolateral 120,000 120,000 120,000
45,000
Kidney cortex brush border 48,000 (weak)
Small intestinal basolateral 120,000 120,000 120,000 (weak)
42,000 45,000
Small intestinal brush border 125,000 125,000 125,000 (weak)

Frog corneal epithelium 40,000 (weak)

90,000 (weak)

48,000

Pancreatic islets 120,000 (weak)

B cell

120,000 (weak)
120,000 (weak)

a Antibody is raised against the cytoplasmic fragment of human erythrocyte band 3. There are other
bands that show cross-reactivity to the antibody that are not listed in the table but can be seen in Fig. 4.
b Gels of the shark rectal gland vesicles were run from frozen membranes. It is possible that there may
be bands resulting from proteclysis or bands resulting from protein labile in SDS. These gels were not
compared to nondenatured gels or to gels run from freshly prepared membranes.

that bumetanide appears to have a larger number of
bound counts. This is because bumetanide has a
higher specific radioactivity than BADS. The ratio
of bound bumetanide per milligram protein is at
least 2-3 orders of magnitude less than BADS. Fig-
ures 2 and 3 can only be used qualitatively to com-
pare one tissue to the other. Bumetanide binds to
many more proteins than BADS. Some of the low-
level binding of bumetanide especially to the three
bands near 75,000 in the kidney and small intestinal
BLM have not been reported as the counts were
very close to the baseline counts of =200 cpm. The
counts that were considered significant extended
from =~400—1200 cpm. The subtle variations in the
mobility of all of these labeled kilodalton proteins
are exhibited by the small intestinal BLM and
BBM. It is also observed that BADS or bumetanide
bind to smaller proteins (mol. wt. > 50,000 Da). The
smaller molecular weight proteins could be frag-
ments of larger proteins which were either obtained
by SDS digestion or by proteolysis as several of the
membranes used were previously frozen at ~70°C.

ANTIBODY LABELING

Further investigation of these proteins was carried
out by determining their affinity to antibodies de-
rived from the cytoplasmic fragment of human band
3. These antibodies showed differing immuno-
cross-reactivity to the previously BADS labeled

proteins in the separated gel. In Fig. 4 all of the
membranes except the red cell ghosts were incu-
bated for 45 min in the HRP color developing solu-
tion. The red cell ghost membranes were incubated
for 15 min and showed immediate development of
color. Among nonerythroid membranes the shark
rectal gland vesicles show the strongest cross-reac-
tivity to the antibody. The kidney cortex and me-
dulla BLM show much less cross-reactivity than
band 3. The pancreatic islets and the intestinal
BLM and BBM were incubated for 45 min and
showed very weak cross-reactivity. The frog cornea
and the kidney BBM did not react at all. Binding
affinity for the antibody for the human erythrocyte
ghosts > the shark rectal gland > rat kidney cortex
> kidney medulla BLM > the rat intestinal BBM >
the rat intestinal BLM > the pancreatic islets (Fig.

_4). This is based on comparing the intensities of

staining the protein with either Coomassie blue or
fast green with the intensities of the staining ob-
tained from the antibody reactivity. These results
show that the intestinal membranes and the pancre-
atic islets show negligible reactivity to the band 3
antibody, indicating that there is probably species
or sequence differences between them.

DISPLACEMENT OF MEMBRANE-BOUND BADS

Displacements of bound BADS was examined with
radiolabeled bumetanide, excess cold bumetanide



S.F.A. Pearce and J.A. Zadunaisky: Stilbene-Sensitive Proteins in Epithelia

Bound Label (dpm / slice)

Bound Label (dpm /slice)

500

500

500

500

|

116.25K

200K

.

.

l 925K 662K

'

45K

500

o

| [ |
o 0 20 30 40
16.25K
200K 925K 66.2K 45K
| I '
+ 4 + '

——

1C

Slice

20

Number

30

-
[
N --N/\VM .
- e

40

n - 200K

| L£]

116.25K
92.5K

662K

-

45K

1

o 200K

e
¥

-— 116.25K

-— 925K

-— 662K

-— 45K

4
i

[ .T—IBOK

- 200K

-—116.25K
- 92.5K

- 662K

-— 45K

| I—

- 75K

- 50k

- 39k

-— 27K

-— 7K

[ :‘,_"]-—130K
=75k
b
. =—50K
o *=39k

s

-—27K

—_— -7k

1

241

Fig. 3. SDS-PAGE of BBMs and counts from
nitrocelluiose strips are plotted. Counts from the
binding of 3[H] bumetanide (-@-@®-) and 4[C]
BADS (-A-) to nitrocellulose strips are plotted
with molecular weight on the x-axis and counts
on the y-axis. Also represented on the side of the
graphs are the gels from the remaining
membranes. Intestinal brush border (a) shows
labeling of a large protein at 125,000 = 5000 Da
by both BADS and bumetanide. The kidney
medulla BLM (d) also shows labeling of a large
protein at 120,000 Da. The kidney cortex BBM
(b) and the frog cornea (c¢) show an absence of
binding to a large molecular weight protein by
BADS; however, many smaller proteins are
labeled by both BADS and bumetanide. The
pancreatic islets and the cultured 8 cell (¢) show
a weak and diffuse band at 120,000 Da which is
labeled by BADS. C shows a lane on the extreme
RHS which is a “C BADS autoradiograph. There
is no labeling at the high end. The film is dark
due to prolonged exposure and only a weak band
is observed near 45,000 Da. The extreme RHS
lane in e shows a gel of cultured HIT cells. There
is a broad, diffuse and weak band similar to that
observed from islet cells at 120,000 = 5000 Da.
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Fig. 4. Antibody labeling of epithelial membranes. The nitrocel-
lulose strips incubated with the antibody obtained from the cyto-
plasmic fragment of band 3 are shown. Human erythrocyte
ghosts (1), shark rectal gland vesicles (2), kidney cortex BLM
(3), kidney medulla BLM (4), small intestinal BBM (5), BLM (6)
and cultured 8 cell (7) are shown. Those membranes that did not
show any reactivity such as the frog cornea and kidney BBM are
not included in this figure. It can be seen that the small intestinal
BBM, BLM and the pancreatic islets show very low level reac-
tivity and could be interpreted as unreactive.

and DIDS. The nitrocellulose strips when incubated
with varying concentrations of *[H] bumetanide,
and subsequently, with BADS did not yield a credi-
ble displacement curve. It appeared that after
BADS bound to the immobilized protein the bume-
tanide label could be more easily washed away. On
the addition of excess cold DIDS neither BADS or
bumetanide could bind to the nitrocellulose strips.
Adding increasing concentration of DIDS to mem-
branes in S pM BADS a displacement curve with an
1Cs of 10 uM was obtained showing a lower affinity
than that observed in the filter binding assay (Pearce
& Zadunaisky, 1990).

Discussion

Previous studies showed that the fluorescent
stilbene BADS binds to the epithelial membranes
showing saturable kinetics. This binding was abol-
ished in the presence of excess DIDS. In all epithe-
lia studied except the frog cornea, it was found that
BADS could be displaced by loop diuretics and
thiocyanate (Pearce & Zadunaisky, 1990). The
present studies expand on these previous results. It
was found that both BADS and bumetanide bind to
several proteins, where some of the binding can be
eliminated by washing with 5% BSA. It is well
known that BADS and bumetanide both interact
with hydrophobic sites; therefore, they could bind
to several nonspecific sites. Therefore, it is not sur-
prising that several proteins were labeled in all of
the epithelia studied. There is one protein that ap-

pears to bind both BADS and bumetanide, to a
lesser extent, in the rat kidney cortex BLM, kidney
medulla BLLM, small intestinal BLM and BBM,
pancreatic islets and shark rectal gland with a mol.
wt. between 130,000 and 100,000 Da. Displacement
could only be quantitated for DIDS and not for bu-
metanide on this protein. It is possible that the dis-
placement observed in the fluorescence studies
could be due to electrostatic interactions between
two separate sites on different proteins as no dis-
placement could be observed on immobilized pro-
teins. The same protein that binds BADS and bume-
tanide also binds the antibody from human band 3;
sensitivity to this antibody appears to vary with
each tissue. The tissue preparations contain mem-
branes from different cell types and are therefore
heterogeneous. Conclusions on the location of the
protein can only be made in similar broad terms.
There is other experimental evidence that indicates
the presence of bicarbonate exchanger in the tissues
examined. These are discussed below.

In the kidney cortex, the proximal tubule under
normal circumstances resorbs about 50 to 66% of
the filtered fluid by both active and passive mecha-
nisms. Complete inhibition of renal enzyme car-
bonic anhydrase results in excretion of only 30% of
the filtered bicarbonate load. A study based on the
kinetic properties of carbonic anhydrase of dog kid-
neys showed that the enzyme was active in both
luminal and antituminal membranes and there was
no differences in activity between the two (Dubose,
1984). In the kidney it is seen that there is a second
mechanism of bicarbonate reabsorption indepen-
dent of catalyzed or uncatalyzed hydroxylation of
carbon dioxide. The formation of bicarbonate ion
on the blood side would indicate, in a logical pro-
gression, the presence of band 3 analogue on the
blood side of the proximal tubule where it assists in
the transport of bicarbonate in the reabsorption pro-
cess and in pH regulation. By similar argument, it
could also be found in the cortical collecting duct
where it is responsible for the reabsorption of bicar-
bonate. These conclusions have been suggested for
the proximal tubule (Chen & Verkman, 1987) and
the collecting duct (Drenckhahn & Schluter, 1985)
in previous experiments. These conclusions have
been borne out by experiments where multiple tran-
scripts from band 3 gene, which are expressed in rat
and mouse kidney, have now been expressed in
Xenopus oocytes and are able to function in anion
transport (Brosius et al., 1989). This band 3-related
protein is lacking the first 79 amino acids and has a
predicted mass of 137 kDa (Alper et al., 1988). The
120,000-Da protein identified here and its reaction
to the band 3 antibody strongly suggests that this
protein is a band 3 analogue.

The small intestine contains complicated trans-
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port pathways where absorption and secretion of
amino acids and sugars are the major transport ac-
tivities, but along with them there are ion regulation
requirements. Transfer of the proteins separated by
SDS-PAGE showed a protein that was labeled by
both BADS and bumetanide on the basolateral frac-
tion with a mol. wt. of 120,000 Da. The apical mem-
branes contained a protein of lesser concentration
which was labeled by both BADS and bumetanide
whose mol. wt. was 125,000 Da. The small intestine
was not separated into the ileum and jejunum; and
at this point, the distribution of this protein cannot
be pinpointed to exist on the apical side in the jeju-
num and on the basolateral side in the ileum or vice
versa as there may be cross-contamination. How-
ever, the protein on the apical surface showed a
greater affinity for the antibody from human band 3
in comparison to the BLM protein, but both these
proteins showed very little cross-reactivity overall
when compared to the kidney cortex BLM. Perhaps
this may be due to either insignificant sequence ho-
mology between these intestinal proteins and band 3
or a lack of interspecies cross-reactivity. Although
the apical membrane in the small intestine is shown
to have a bicarbonate exchange mechanism
(Liedtke & Hopfer, 1982), these proteins will have
to be studied functionally to associate them conclu-
sively with this mechanism.

The serum sodium of the shark is higher than
that of man, approximately 260-290 mEq/liter (Ep-
stein, Silva & Stoff, 1981). The osmotic concentra-
tion of mineral salts and urea balances the osmotic
concentration of seawater, preventing dehydration.
A stilbene, 4 amino-4'-isothiocyanostilbene-2-2'
disulphonate (SITS), which blocks anion exchange
mechanisms in other systems at concentrations
of 1 mm reduced the potential difference by 36%
(Greger & Schiatter, 1984). Cotransport of sodium
and chloride is the favored mechanism responsible
for the balance of chloride concentration in the rec-
tal gland (Eveloff et al., 1978). The results obtained
on the binding studies of BADS were only seen with
open vesicles (vesicles lysed with hyptonic solution
and somnication) which indicated that the BADS site
was on the inside of the vesicle, or that this protein
has a reverse orientation for the BADS binding site
when compared to other epithelia. There is also a
great deal of cross-reactivity between the antibody
produced from band 3 and the shark rectal gland
vesicles. This finding is curious; the only explana-
tion for this difference could be a retention of the
characteristics of band 3 through evolution from the
shark to human. There is a large concentration of
carbonic anhydrase in the rectal gland. This protein
is responsible for the concentrations of bicarbonate
within the cell; however, carbonic anhydrase inhibi-
tors do not seem to affect chloride secretion (Swen-

son & Maren, 1984). The presence of the BADS-
sensitive protein does not contradict the data
already accrued on chloride secretion. Radiolabeled
bumetanide binds other membrane proteins on the
gel. These could be the Na/K 2Cl cotransporter or
Na/HCO; transporter or the chloride channel.
However, for efficient binding of bumetanide to the
cotransporter there should be Na, K and Cl ions in
the reaction buffer.

The cornea does not show protein binding to
BADS in the 100,000 Da range. The protein affected
by BADS appears near 40,000 Da. Bumetanide on
the other hand, shows significant binding to a pro-
tein in the 45,000 Da range. There also seems to be a
lightly labeled band at 90,000, and future studies
may show the significance of these bands. These
lightly labeled bands were also seen in the kidney
apical membrane vesicles. We can conclude that
the frog cornea does not contain the same protein
identified in the other epithelia. Previous studies
have indicated the absence of bicarbonate transport
in the frog cornea (Zadunaisky, 1966). The lack of
abundant tissue is hampering biochemical studies;
however, the use of cultured cells will assist in fu-
ture studies.

The studies on the pancreatic islets appear to
yield the least conclusive data. The difficulty exists
in the low concentration of the protein in the islet
preparation. The cultured cells show negligible
cross-reactivity with the antibody obtained from hu-
man band 3, but this is not particularly conclusive
evidence that this protein is present in the S-cell.

Lack of reactivity to human band 3 need not
necessarily indicate that band 3 is absent. Monospe-
cific polyclonal antibodies raised against total hu-
man band 3 which recognize determinants within a
M, 20,000 fragment of the cytoplasmic domain does
not show cross-reactivity to murine band 3. There is
only 57% homology between human and mouse in
residues 125-138, whereas residues flanking either
side is said to be 90-95% homologous. This obser-
vation is consistent with the lack of cross-reactivity
of anti-human band 3 antisera with mouse protein
and vice versa (Kopito & Lodish, 1985). An immu-
nological study using anti-human band 3 to label
erythrocyte band 3 from dog, monkey, goat, ferret,
sheep, rat, mouse, duck and rabbit showed an im-
munoprecipitate only with monkey erythrocyte
band 3 (England, Gunn & Steck, 1980). Our results
of cross-reactivity between rat Kidney and shark
rectal gland and antibody from human band 3 is
anomalous. We do not have any definitive explana-
tion for these results. These anomalies indicate the
complexity of the system under investigation.

There are many band 3-like proteins in cells
other than the systems studied here, which have
been obtained from a family of related genes. The
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functions of these proteins have not been clearly
established in any other tissue except the human
red cell (Passow et al., 1989). Moreover, Passow et
al. (1989) has indicated that in a cell line from hu-
man leukemic cells, a nonerythroid band 3 having
high sequence homology to erythroid band 3 shows
many functional variations from the red cell band 3.
One of the major differences is its inability to bind
covalently to ’[H} DIDS near its site of noncovalent
binding, unlike its erythroid counterpart. To deter-
mine the functional role of these BADS- or bume-
tanide-binding proteins, these proteins should be
isolated and incorporated into a system such as
Xenopus oocytes so that transport can be mea-
sured. Inhibition of CI/HCO; exchange or sulphate
uptake, or binding to the protein by BADS and/or
bumetanide can be further documented. Other pro-
teins of mol. wt. 200,000-150,000, 90,000 and
45,000 which bind bumetanide need to be investi-
gated. It has been shown recently that chloride
channels from kidney and trachea have similar mo-
lecular weights to those identified by bumetanide
binding (Landry et al., 1989). Further studies will
reveal whether there are greater functional differ-
ences or similarities between erythroid and non-
erythroid band 3 in spite of probable sequence ho-
mology.
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