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Abstract. We have previously partially purified the ba- was not detected in red blood cell membranes. Local-
solateral N&/HCO; cotransporter from rabbit renal cor- ization of the N&/HCO; cotransporter protein by immu-
tex and this resulted in a 400-fold purification, and annogold technique revealed specific labeling of the co-
SDS-PAGE analysis showed an enhancement of a prdransporter on the basolateral membranes of the proximal
tein band with a MW of approximately 56 kDa. We tubules, but not in the brush border membranes. These
developed polyclonal antibodies against the'N&CO;  results demonstrate that the polyclonal antibodies against
cotransporter by immunizing Dutch-belted rabbits with athe 56 kDa basolateral protein inhibit the activity of the
partially purified protein fraction enriched in cotrans- Na'/HCO; cotransporter suggesting that the 56 kDa pro-
porter activity. Western blot analysis of renal cortical tein represents the cotransporter or a component thereof
basolateral membranes and of solubilized basolateralhese antibodies interact at or near the substrate binding
membrane proteins showed that the antibodies recogsites. The N¥HCO; cotransporter protein is expressed
nized a protein with a MW of approximately 56 kDa. in different regions of the kidneys and in other tissues.
The specificity of the purified antibodies against the'Na

HCGO; cotransporter was tested by immunoprecipitation.Key words: Na'/HCO; cotransporter — Polyclonal
Solubilized basolateral membrane proteins enriched imntibody — Immunolocalization — Cellular trans-
Na’/HCO; cotransporter activity were incubated with port —Acid-base balance

the purified antibody or with the preimmune IgG and

then reconstituted in proteoliposomes. The purified an- .

tibody fraction caused a concentration-dependent inhibilntroduction

tion of the N&/HCO; cotransporter activity, while the

preimmune IgG failed to elicit any change. The inhibi- The Na/HCO; cotransporter has been recognized as the
tory effect of the antibody was of the same magnitudemain system responsible for Hg@ansport out of the
whether it was added prior to (inside) or after (outside)Proximal tubule cells into the blood and plays an impor-
reconstitution in proteoliposomes. In the presence of théant role in HCQ transport under physiologic and patho-
substrates (NaHCQor Na,CO,) for the cotransporter, Physiologic conditions [1, 3, 10, 15]. The ionic mecha-
the inhibitory effect of the antibody on cotransporter ac-nism of the N&/HCO; cotransporter has been character-
tivity was significantly blunted as compared with the ized and it has been well established that the system
inhibition observed in the absence of substrates. Wesfiunctions via a 1:1:1 cotransport of GOHCO; and N&

ern blot analysis of rabbit kidneys showed that the anti-on different sites [19]. The system functions in an inte-
bodies recognized strongly a 56 kDa protein band ingrated fashion with the brush border Na-H antiporter and
microsomes of the inner stripe of outer medulla and innethe activities of these two systems vary in parallel [2].
medulla, but not in the outer stripe of outer medulla. We have partially purified the N8HCO; cotransporter

A 56 kDa protein band was recognized in microsomes ofrotein by hydroxylapatite chromatography followed by

the stomach, liver, esophagus, and small intestine bulycerol gradient centrifugation [5]. The purified protein
was reconstituted in asolectin and the "R#CO; co-

transporter activity was enriched 400-fold compared to
I the basolateral membranes. The purified fraction exhib-
Correspondence toA. Bernardo ited kinetic properties and inhibitor sensitivity similar to
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the original membranes. SDS-PAGE analysis of the puas previously described [5]. The suspension was spun at 30,000 revo-
rified protein fraction collected from the different puri- lutions/min with a Beckman Ti 50.2 rotor for 30 min at 4°C, and the
fication steps showed an enhancement of a protein dodgsulting pellet was resuspended in the same solution. The assay was

. . . started by addition of 100—150g protein to uptake medium containing
blet of molecular Welght of approxmately 56 kDa which (in mm): 40 Na gluconate, 60 K gluconate, 1 Mg gluconate, and 50

we believe represents an active component of th& Na pepes, pH 7.50 with KOH, as well asidCi 2°NaCl in presence of 25
HCO; cotransporter [5]. We have also shown that fluo- mw HCO, or gluconate. After 3-sec incubation at room temperature,
rescein isothiocyanate specifically labeled the 56 kDabhe reaction was stopped by adding 4 ml ice-cold stop solution con-
fraction and inhibited the activity of the cotransporter taining 200 nv sucrose and 50 mHEPES, pH 7.50 with Tris, and

and the inhibition was prevented in the presence of Subgubsequently poured on a 0.4%5a pore size prewetted Millipore filter.
strates [21] Filters were washed three times more, and radioactivity was measured

. . _ by scintillation spectroscopy. NAHCO; cotransporter activity was
De;plte th? |mp0rtance of the N&ICQZ% cotra_ns— tgken as the differr)ence ﬁ‘r’Ngyuptake %the prese?nce or abserilce of an
porter in physiologic and pathophysiologic conditions, inwardly directed HCQ gradient (HCQ was replaced by gluconate).
no antibodies against this protein are available. The
availability of antibodies against the N&ICO; cotrans-
porter would allow immunopurification, localization and MEASUREMENT oFNa"/HCO; COTRANSPORTER
characterization of the regulation of this important pro-AcTiviTY IN PRIMARY CULTURES OF RABBIT PROXIMAL
tein. In the present study, we have developed polyclonalusuLE CELLS
antibodies against the renal MECO; cotransporter and
characterized the inhibitory effect of these antibodiesPrimary cultures of proximal tubule cells were prepared as previously
their interaction with substrate binding sites and alsodescribed [18]. The cells were preincubated in an incubation buffer
used them for localization of cotransporter in different containing (in iw): 100 K gluconate, 80 sucrose, 10 HEPES, pH 7.40,

. . . . Mg gluconate, 2 CaS05.5 glucose and 5.0 alanine in presence of
regions of the kidney and in other tissues by Western bIOiO“‘M ouabain and 50 m ethylisopropyl amiloride for 1 hr at 37°C.

analyS|S' Reaction was started by addition of g0 of cell suspension of 9@ul
of uptake buffer containing (in m): 100 K gluconate, 10 HEPES, pH
. 7.40, 1 Mg, gluconate, 2 CaS(5.5 glucose, 5 alanine, 1Ci #°Na,
Materials and Methods and 40 Na-HCQ or 40 Na-gluconate. The reaction was stopped after
5 min with 3 ml ice-cold incubation solution and then poured on a
The methods used in the present study which have been published agg45,.m pore size prewetted Millipore filter. The filters were washed
only briefly summarized while the new techniques are described inthree times more and radioactivity measured by scintillation spectros-
detail. copy. HCQ-dependenf®Na uptake was taken as the difference in
22Na uptake in the presence of Hg@nd gluconate. Cell viability in
the presence of the polyclonal antibody or preimmune 1gG was exam-
SOLUBILIZATION AND RECONSTITUTION ined by tryphan blue method. The results show that the polyclonal

) ) antibody as well as the preimmune IgG were not cytotoxic to the
Renal cortical basolateral membrane vesicles were prepared from Ne‘f!rimary culture of proximal tubule cells used in the experiments.

Zealand White rabbits by means of differential and gradient centrifu-
gation with ionic precipitation as described previously [15]. This pro-
cedure resulted in highly purl_fled basolateral mempranes enrlche(_i OrpRODUCTION OF POLYCLONAL ANTIBODIES AGAINST
the average of 12- to 14-fold in Na-K-ATPase activity compared with .~ _
homogenates, and with less than 5% cross contamination with brush\Ia /HC03 COTRANSPORTER
border membranes. Solubilization of basolateral membrane proteins
and reconstitution were done as previously described [5]. One parPurified protein fraction highly enriched in K& CO; cotransporter
basolateral membrane protein (5 mg/ml) was incubated with 1.25 part&ctivity (100.g protein) emulsified 1:1 with complete Freund’s adju-
2% n-octyl B-D-glucopyranoside (octylglucoside) in 50MTHEPES vant was injected intradermally into different sites in the back of the
and 250 rm mannitol (buffer A), pH 7.4, on ice for 15 min. The Dutch-belted rabbits using a gauge 25 needle. Preimmune sera were
protein-detergent mixture was spun for 30 min at 110,000 &e collected and purified as will be described below from each rabbit and
solubilized protein (2.5 mg/ml) was reconstituted into liposomes by frozen at =70°C in small aliquots for future use as controls. Booster
mixing 1.6 parts of protein with 1 part efa-phosphatidylcholine (35  injections were done monthly with §0g of purified glycerol gradient
mg/ml) which was sonicated for 10 min. The combination of proteins protein fraction emulsified in incomplete Freund’s adjuvant. Immune
and lipids was dialyzed for 18 hr in buffer A using a membrane re- sera were collected and purified as follows: Saturated ammonium sul-
stricting the passage of 6-8 kDa molecules. The protein concentratiofate (NH,),SO, was added slowly to the sera until precipitation of
of the proteoliposomes was measuré@Na uptake was performed in ~ protein occurs. The sera were dialyzed extensively to remove excess
the presence of NaHC@r Na gluconate in the proteoliposomes by the ammonium sulfate against 0:@2phosphate buffer. Further purifica-
rapid filtration technique as will be described below. tion was done by DEAE-Sephacel ion-exchange chromatography. Ini-
tial elution was done by applying 0.06 NaCl in phosphate buffer.
The eluates were analyzed by the UV monitor and 1gG peaks noted.
MEASUREMENT OF Na'/HCO; COTRANSPORTERACTIVITY Repeat application of OM, 0.2v, and 0.% and finally v NaCl in
phosphate buffer was done to get all the protein off the column. SDS-
Native basolateral membrane vesicles or proteoliposomes were preifPAGE analysis of each fraction was done to ascertain the presence of
cubated for 1-2 hr at room temperature in a solution containing (in25 kDa and 55 kDa proteins that represent the light and heavy chains
mm): 200 sucrose, 50 HEPES, pH 7.50 with Tris and 1 Mg gluconateof IgG.
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The specificity of the polyclonal antibody was determined by the lized basolateral membrane proteins (2.5 mg/ml) were incubated with

Western blot technique and immunoprecipitation. equal amounts of polyclonal antibody or preimmune IgG at various
dilutions as indicated for 30 min at 4°C. The reaction was terminated
by the addition of HEPES/mannitol buffer and reconstituted into pro-

WESTERN BLOT ANALYSIS teoliposomes (inside) as described above. In other experiments, ali-
quots of solubilized basolateral membranes proteins (2.5 mg/ml) were

When indicated protein aliquots were subjected to 12% SDS-PAGE geteconstituted into proteoliposomes as described. The formed proteo-

according to the method of Laemmli [12]. After electrophoresis, the liposomes were incubated with the same amounts of polyclonal anti-

gel and the polyvinylidine difluoride (PVDF) transfer membrane which body (outside) or preimmune IgG at various dilutions as needed for 30

were pre-equilibrated in Towbin transfer buffer consisting of 28 m min at 4°C. The reaction was terminated by addition of buffer A and

Tris, 192 nu glycine, pH 8.3 were sandwiched between two filter centrifuged at 30,000 g for 30 min and the pellet containing the

papers and placed in the electroblotting apparatus with the membrangroteoliposomes was resuspended in a buffer containing 20Gun

on the anode side. Transfer was done for 1-4 hr at 50 V. Blot wascrose, 50 m HEPES, pH 7.5 with Tris. Thereafter, HG@ependent

washed with TTBS (Tween 20 and Tris buffered saline) and then®’Na uptake was measured as described below.

incubated with 2% nonfat dry milk in TTBS overnight. Primary anti- To study the interaction of substrate/antibody with thé/N&O;

bodies (1Qug/ml) or preimmune IgG (1Q.g/ml) were added to the blot ~ cotransporter protein, the following experiments were done. The pro-

for 1¥%-hr incubation. After thorough washings with TTBS, goat anti- teoliposomes were incubated with the same concentration of antibody

rabbit IgG antibodies (conjugated with alkaline phosphatase) weredr preimmune IgG at different dilutions in the presence of 4@ m

added at dilution of 1:3000. Development was performed utilizing NaHCO; or Na,CO; or 40 mm Tris for 30 min at 4°C. The reaction

5-bromo-4-chloro-3 indolyl phosphate/p-nitro blue tetrazolium chlo- was terminated by addition of buffer A, centrifuged at 30,009 for

ride as substrate. 30 min and the pellet containing the proteoliposomes was resuspended

Western blot was performed in plasma membranes prepared fron a buffer containing 200 m sucrose, 50 m HEPES, pH 7.5 with

the kidney, and in microsomes from esophagus, stomach small intesFris and assayed for HC@lependent?Na" uptake as described.

tine, liver and in red blood cell membranes. The renal membranes were

prepared from the outer stripe of outer medulla, inner stripe of outer

medulla, and inner medulla (papilla) [17]. The different tissue homog- | MMUNOELECTRON MICROSCOPY

enates were prepared using the techniques described previously by our ) . . .
laboratory and others [7, 8, 9, 14, 20, 22]. Rabbits were anesthetized with nembutal and the kidneys were initially

flushed arterially with PBS (phosphate buffered saline, pH 7.4) fol-
lowed by perfusion with PLP fixative (2% paroformaldehyde, 7@ m
IMMUNOPRECIPITATION OF THENa+/HCO§ lysine, 10 nu sodium periodate in PBS, pH 7.4) for 5 min. The kid-

neys were excised and the cortex cut into 1 mm blocks and fixed
COTRANSPORTER BY THEPOLYCLONAL ANTIBODY overnight in PLP at 4°C. These blocks were rinsed in PBS and then

dehydrated in graded series of ethanol and embedded in LR white resin.
®Sections cut from these blocks were collected onto nickel grids, and
further processed by floating the section side down ok@rops of

Immunoprecipitation was carried out to demonstrate that binding of th
antibody to the protein fraction enriched in M CO; cotransporter
activity altered the function of this cotransporter. Immunoprecipitation solution B (1% BSA and 0.5% gelatin in PBS) for 20 min x 2. The
of Na'/HCG; F:otransporter protein was performed_ according tq the polyclonal antibody diluted to .g/ml with solution B was applied for
method described for Na-Ca exchanger by Carafoli and Longoni [13].18 hr at 4°C, then 1 hr at 25°C. Alternatively, equal amounts of pre-

Briefly, octylglu.c95|de-so|l_1b|l|zed prote?lns enriched in"4CO; co- immune 1gG or nonimmune rabbit IgG were used at the same solutions
transporter activity were incubated with the same concentrations Ofas controls. Sections were rinsed in solution B for 10 min x 2. The

either_ the purified ant_ibody or preimmune IgG at varic_n_Js dilutions for blocked sections were incubated with protein A gold (5 nm) diluted
30 m|.n at 4°C. The mcubathn was _stopped by addition of HE_PES/l:SO in solution B for 3 hr at 4°C, then 1 hr at 25°C. Successive washes
mannitol buffer. L-a-phosphatidylcholine was added to reconstitute were done with solution B for 20 min x 2, PBS for 10 min x 2, then

the dprgt_en:) |?ft0 Krotzohposon&efs. *;2?; pfoteollposomes V\{ere resus; 5o glutaraldehyde in PBS for 5 min and finally with double distilled
pended in butter A and assayed tor G5 cotransporter aciivity as H,0O, 10 min x 3. Sections were stained with 2% aqueous uranyl

described above [5]. Antibody alone, preimmune IgG or the purified acetate and viewed at 80kV on a JEOL 100S transmission electron
cotransporter fraction alone was reconstituted into liposomes as appr%icroscope

priate controls.

Additional immunoprecipitation studies on the native basolateral
membrane vesicles were carried out as described previoush§DS-PAGE AALYSIS
[23]. Briefly, different dilutions of the purified polyclonal antibody

against the NJHCO; cotransporter protein or preimmune 19G were spDS-PAGE was carried out on discontinuous systems as described by
incubated with protein A Sepharose beads in phosphate buffered salinéaemmli [12]. Low molecular weight standards were used (from 14
(PBS), pH 7.4 with 0.3% ovalbumin for 18 min at 4°C. The antibody- kpato 92kDa). Electrophoresis was done on slab gels of 12% acryl-

protein A Sepharose complex was washed with PBS two times. Bagmide. Coomassie Brilliant Blue or silver stains were used as indi-
solateral membrane proteins (2.5 mg/ml) were incubated with thecated.

above complex for 4 hr at 20°C with gentle agitation. The beads were

isolated by centrifugation and the supernatants were obtainédNar

uptake measurements as described. When indicated, basolateral metATERIALS

brane vesicles were incubated with protein A alone and processed in

the same way as experimental groups. 22Na was purchased from Amersham. DEAE-Sephacel was obtained
To examine whether the antibodies inhibit the cotransporter wherfrom Pharmacia LKB BiotechnologyL-a-phosphatidylcholine,

added to the inside or the outside of proteoliposomes, the followingFreund’s adjuvant, protein A gold, octyglucoside, molecular weight

experimental protocol was used. When indicated, aliquots of solubi-standards, Coomasie R-250, SDS, acrylamide and bisacrylamide, were
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bought from Sigma. Tween 20, alkaline phosphatase immunoblot as-
say kit were purchased from Biorad. PVDF (Immobilgf, were ob- .
tained from Millipore. General laboratory chemicals were of researchs
and analytical grade and were obtained from Sigma Chemicals.
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DATA ANALYSIS

Results are presented as meagnxand represent the average of 4-6
experiments. Thetest for paired or unpaired data was used to analyze
the data wherever appropriate.

COTRANSPORTER ACTIVITY

% INHIBITION OF Na*-HC

A A
A t 3

L4

Results 11 1: 10 1: 100 1: 1000
ANTIBODY DILUTION

POLYCLONAL ANTIBODIES THAT RECOGNIZE THE RENAL Fig. 1. Effect of the polyclonal antibody on HC@lependent>Na
BASOLATERAL Na'/HCO: COTRANSPORTER IN uptake in proteoliposomes. Immunoprecipitation of thé/N&C;3 co-
3

B M Pr C transporter activity was examined by the polyclonal antibody against
ASOLATERAL MEMBRANES AND IN IMARY CULTURES the N&/HCO; cotransporter. Octylglucoside-solubilized basolateral

OF THE PROXIMAL TUBULE membrane proteins were incubated with same concentrations of poly-
clonal antibody or preimmune 1gG at various dilutions. The incubation
Polyclonal antibodies against the MdCO; cotrans- ~ was stopped by the addition of HEPES/mannitol buffer and subse-
porter were generated by immunizing Dutch-belted rab_quently reconstituted with-a-phosphatidylcholine to form proteolipo-
bits with a purified protein fraction from the glycerol somes. Octylglucoside-solubilized proteins were reconstituted into pro-

. . . . . - . teoliposomes as control and HG@ependenf?Na uptake was mea-
grad|ent Cent”fUQatlon which was hlghly enriched in sured at 3 sec. Each point in the graph represents triplicate experiments

Na'/HCO; cotransporter activity. Antibodies were puri- on different proteoliposome preparations immunoprecipitated by the
fied by ammonium sulfate precipitation and ion- same antibody. Closed circ®, polyclonal antibody; shaded triangle
exchange chromatography. SDS-PAGE analysis of pu4, pre-immune IgG.

rified antibodies revealed two distinct bands of heavy

and light chains of IgGr(ot showi). The specificity of

the purified antibodies against the MdCO; cotrans-  counting for a variable degree of inhibition by different
porter was tested by Western blot analysis and by impools of antibodies.

munoprecipitation. Octylglucoside-solubilized basolat- The additional immunoprecipitation studies were
eral membrane proteins, enriched in"H4CQO; cotrans-  done to demonstrate the inhibitory effect of the antibody
porter activity, were incubated with the purified on the Nd&/HCO; cotransporter in the native basolateral
antibodies or with the preimmune IgG and then recon-membrane vesicles. Incubation of the native basolateral
stituted into proteoliposomes. Several pools of poly-membrane vesicles with the antibody (1:100 dilution)
clonal antibodies were screened for inhibition of'Na against the cotransporter resulted in significant inhibition
HCO;3 cotransporter activity in octylglucoside-solu- of Na*/HCO; cotransporter activity as compared to the
bilized basolateral protein fraction. We found that dif- control (control, 2.47 + 0.40s.Ab 1.11 + 0.26P < .03)
ferent antibodies inhibited N&HCO; cotransporter ac- n = 5. Furthermore, the preimmune IgG did not inhibit
tivity with inhibition ranging from 40% to 80% at 1:10 the N&/HCQO; cotransporter (IgG 2.42 + 0.44.control
dilution. We examined the effect of the polyclonal an- 2.47 = 0.40). Experiments involving the incubation of
tibody and preimmune IgG on the NBICO; cotrans-  native basolateral membrane vesicles with protein A
porter activity. The polyclonal antibody (at 1:100 dilu- alone did not result in inhibition of the NAHCO; co-
tion) significantly inhibited the bicarbonate dependenttransporter activity (control, 2.45 + 0.48s. protein A
?2Na uptake measured nmoles/mg protein/3 seconds (ar2-35 + 0.38).

tibody 23.80 + 1.90ss. preimmune 1gG 35.40 £ 2.7#, Figure 1 shows that the polyclonal antibody inhib-
< .001) without altering thé®Na uptake in the presence ited Na/HCO; cotransporter activity in a concentration-
of gluconate (antibody 17.18 + 1.94.preimmune IgG, dependent fashion with 100% inhibition at 1:1 dilution
15.68 + 2.44). In addition, as compared to control, theand 50% inhibition at 1:100 dilution. The preimmune
preimmune IgG did not alter either the bicarbonate dedgG in the same concentration as the antibody did not
pendent?Na uptake (control 38.6 + 2.88.preimmune  cause any inhibition of the N&HCO; activity. Figure 2
35.40 * 2.74) or gluconate (control 15.98 + 2.28, preim-shows that the polyclonal antibody that inhibited the
mune 15.68 + 2.44). Although different batches of an-Na"”/HCO; activity also recognized a distinct protein
tibodies were used in the different experiments, the exband of 56kDa MW in basolateral membranes (lane 1)
periments were always performed in a paired fashion anénd in octylglucoside-solubilized protein fraction (lane
utilized the same concentration of the antibody thus ac3), while the preimmune 1gG failed to detect any protein
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Fig. 3. The effect of polyclonal antibody on the N&ICO; cotrans-

14,400 porter activity in the presence of substrates NaH@60Na,CO;. Solu-
1 3 4

bilized proteins reconstituted into proteoliposomes were incubated with
Fig. 2. Western blot analysis of the basolateral and octylglucoside

the polyclonal antibodies in the presence of a solution containing 40
mwm Tris or a solution containing 40 mNaHCGO, or Na,CO;. The data

solubilized proteins by the polyclonal antibody and preimmune IgG.

Fifteen g of basolateral membrane vesicle proteins angLg@ctyl-

presented shows the inhibition of NaHgEbtransporter activity as %
glucoside-solubilized proteins were separated in 12% polyacrylamide

of control. Experiments are done in triplicates in different proteolipo-

somes preparation (Alzs. NaHCGO,, P < 0.001; Abvs.Na,CO;, P <
01).

gel, transferred to polyvinylidine difluoride (PVDF) membranes and

screened by the polyclonal antibody against th€/N&O; cotrans- tibody significantly inhibited the N:’:(HCO; cotrans-

porter and preimmune IgG. Molecular weights are indicated on the Ie@orter activity (IgG 137 + 59s.Ab 0.35+ 017 nm/mg

side of the figure. Lane 1, basolateral membrane vesicle protein . . T ’ T

(BLMV) screened by polyclonal antibody; Lane 2, BLMV screened by protein/5 min,P < 0.05,n = 4).

preimmune 1gG; Lane 3, octylglucoside-solubilized proteins screened

by polyclonal antibody; Lane 4, octylglucoside-solubilized proteins INTERACTION OF THE ANTIBODY WITH THE SUBSTRATES
screened by the preimmune 1gG. BINDING SITES IN THE COTRANSPORTER

(% of Control)
3

Inhibition of Na*/HCO5;~ Cotransporter Activity

2

To examine the sidedness of the inhibitory effect of poly-

band in basolateral and in solubilized proteins (lanes Zlonal antibodies on the cotransporter, the antibody (1:10
and 4 respectively). This antibody also recognized thedilution) was added either prior to the reconstitution (in-
same 56kDa protein band in basolateral membrane side) or after the reconstitution (outside) into proteolipo-
vesicles and in fractions from hydroxylapatite chroma-somes. In six paired experiments utilizing the same
tography and glycerol gradient centrifugation which polyclonal antibody the inhibitory effect of the antibody
have been shown previously to result in increased purion the Na/HCO; cotransporter activity was the same
fication of the Nd/HCO; cotransporterr(ot showi). magnitude whether it was added to the outside or to the

We have recently demonstrated the presence 6f Nainside (inside 59 + 10%, outside 51 + 15% of control).
HCGO; cotransporter activity in primary cultures of proxi- These results suggest that the antibody recognized simi-
mal tubule cells of the rabbit [18]. In these cells, there islar antigenic determinants from outside as well as from
HCO,-dependent?Na uptake which is inhibited by the inside when the protein is reconstituted and oriented in
disulfonic stilbene, DIDS. Studies were undertaken tothe transport mode in the proteoliposomes. This finding
determine if the antibody or the preimmune I1gG hadallowed the study of the interaction of the antibody with
cytotoxic effects on these cells. Neither the antibodieghe bindings sites for NaHCQor Na,CO; on the co-
against the NEHCO; cotransporter or the 1IgG were cy- transporter.
totoxic as assessed by tryphan blue method (preimmune To examine the interaction of substrates with the
1gG, 95% of cells were viables. antibody, 98% of cells binding sites for the antibody the solubilized proteins
were viable). We measured HG@ependenf®Na up-  were incubated in a standard solution containing Tris
take in the presence of IgG and in the presence of thenly or in a solution containing either 40MMNaHCO; or
polyclonal antibody at 1:10 dilution. The polyclonal an- Na,CO; with the antibody. Figure 3 shows that in the
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Fig. 4. Western blot analysis of different regions of the kidney by
polyclonal antibody against the 56Da Na’/HCO3 cotransporter. ) . . .
Membrane proteins preparations (@g/well) from different regions of F|g: > Westgrn blot analysis of d|ffe_rent tissues by th? polyclonal
the kidney were electrophoresed onto 12% Laemmli gels. The proteingm'bOdy, against .the 56 k,Da N#CO; cotransporter. Microsomal
were transferred onto PVDF membrane and screened with poncIona‘P"eparatlons of different tissues (30g/well) were electrophoresed

antibody (1:1000) against the NBICO; cotransporter proteins. Lane onto 12% Laemmli gels. T.he proteins werg transferred onto .PVDF
MW, molecular weight marker; Lane A, cortical basolateral membrane;membrane and screened with polyclonal antibody (1:1000) against the

Lane B, cortical brush border membrane; Lane C, outer stripe of thé\lall'lc% cAotranspr(])rter PrEte|ns|.3Lane MV\Q.Tolecutl:ar We|§|;|h_t mar!(- )
outer medulla; Lane D, inner medulla, Lane E, inner stripe of outer®'s: L8n€ A, esophagus; Lane B, stomach; Lane C, small intestine;

medulla. The antibody did not recognize the 56 kDa protein in cortical"ame D liver; Lane E, red b_'°9d cell membranes. The antibody did not
brush border membranes (Lane B) and in microsomes of the outefecognize the 56 kDa protein in the red blood cell membranes (Lane E).

stripe of the outer medulla. (Lane C).

polyclonal antibody does not recognize the CI-HG®-

absence of substrates during incubation, the polyclonathanger protein. Figure 6 shows the localization of 56
antibody (1:10) inhibited the N&HCO; cotransporter kDa protein by immunogold electron microscopy tech-
activity by 76.8 + 12.9% of control levels. In the pres- Nique. The presence of distinct specific immunogold
ence of NaHCQ or Na,CO; during incubation with the ~ staining in the basolateral membranes can be seen witt
antibody, the inhibitory effect of the antibody was sig- the antibody but not with IgG. There was no staining of
nificantly blunted (NaHCQ 18.3 + 11.9%,P < .001; the brush border membranes using the antibodies (
Na,CO; 26.0 + 17.3%,P < 0.01 of control levels) re- shown). The preimmune IgG did not show staining in
spectively. both the basolateral membranes and in the brush bordel
membranesnot showi.

WESTERN BLOT ANALYSIS OF 56 KDA PROTEIN IN
DIFFERENT REGIONS OF THEKIDNEY AND Discussion
DiFFERENT ORGANS

The Na/HCO; cotransporter is the main protein respon-
To gain further insight on the expression of the*Na sible for bicarbonate removal out of the proximal tubule
HCQO; cotransporter protein we subjected different re-into the blood. This protein has been extensively studied
gions of the kidneys and different tissues to Western blotn basolateral membrane vesicles and its regulation by
analysis with polyclonal antibody against the EBa  physiological states, kinases, and hormones have alsc
protein. Figure 4 shows that polyclonal antibody recog-been the subject of intense study [4, 16]. Despite the
nizes a 5&Daprotein in the inner stripe of outer medulla extensive studies in the regulation of this protein little is
and inner medulla, but not in the outer stripe of outerknown about this protein. We have recently partially pu-
medulla or in cortical brush border membrane. Figure Sified an active component of the renal MdCO;3 co-
shows that the polyclonal antibodies also recognize a 5&ansporter and showed that this protein fraction was en-
kDa protein in microsomes of the esophagus, stomachriiched in cotransporter activity (400-fold) and had an
small intestine and liver. In contrast, there was no stainapparent molecular weight of 3@a [5].
ing in red blood cell membranes suggesting that our In the present study, we have further characterized
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Fig. 6. Localization of 56 kDa protein by the im-
munogold electron microscopy technique. The pres-
ence of distinct specific immunogold staining (ar-
rows) in the basolateral membranes can be seen with
the antibody against the 56 kDa protein at 1:10 di-
lution but not with the 1gG ifot showi. There was

no labeling in the brush border membrane®t(
shown). Inset shows immunogold patrticles at higher
magnification. Bar= .5 pm.

the 56kDa protein component of the NAHCO; cotrans-  outside or inside of the proteoliposomes. This suggest
porter by developing polyclonal antibodies against thethat the antibody recognized similar antigenic determi-
partially purified 56kDa protein. This antibody recog- nants from the inside as well as from the outside, when
nized a 56kDa band in renal cortical basolateral mem- the protein is reconstituted in the transport mode in the
branes and in purified protein fractions obtained from theproteoliposomes. In addition, these antibodies also in-
purification steps using octylglucoside solubilized baso-hibited the N&/HCO; cotransporter activity when added
lateral membrane vesicles, hydroxylapatite chromatograto the outside of the cells of primary cultures of proximal
phy and glycerol gradient centrifugation. Of interest istubule. Likewise, the antibodies also inhibited the activ-
the fact that the antibody did not recognize this protein inity of the Na/HCO; cotransporter in the native basolat-
brush border membranes from the renal cortex whicheral membranes.
does not contain cotransporter activity. In addition, the  The finding that the antibody inhibited the Na
protein was expressed in microsomal preparations of thelCO; cotransporter activity when added to the outside
inner stripe of outer medulla and inner medulla, but notof the proteoliposomes allowed us to study the interac-
in the outer stripe of outer medulla. The polyclonal an-tion of the antibody with substrate binding sites for
tibodies against the 58Da protein was also used to NaHCO, or Na,CO;. The cotransporter has distinct sites
probe other tissues where evidence of the functionafor interaction of Ng, HCO;, and CQ [19]. The present
presence cotransporter has been described [6, 14]. Trstudies show that in the presence of NaHQ@DN&a,CO;
antibody recognized a Sa protein in the microsomal during incubation with the antibody, the inhibitory effect
preparations of the stomach, liver, esophagus and smatif the antibody was significantly decreased. In these ex-
intestines. Of great interest is the fact that the antibodyperiments, the pH of the media was carefully controlled
did not recognize the protein in red cell membranesto avoid a nonspecific effect of pH on the binding of the
indicating that it does not cross react with thé/@ICO;  antibody. These findings strongly suggest that the anti-
exchanger protein. body interacts with the binding sites for the NaHC&

The availability of the polyclonal antibody against Na,COs.
the 56kDa protein allowed us to characterize the inter- In summary, the present studies have characterized
action of substrate with the transport protein. Severain detail the development of inhibitory polyclonal anti-
pools of specific antibodies were characterized and wéodies against the 3@a protein component of the NA
chose to study in detail the effect of the inhibiting anti- HCO; cotransporter. The results show that the antibod-
bodies. Although the different pools of antibody dis- ies interact at or near the substrate binding sites and that
played variable degree of inhibition, the experimentsthe cotransporter protein is expressed in different regions
were always performed in paired fashion thus allowingof the kidney and in other tissues.
comparison of the inhibitory effect of the different pools.
It is of interest that the antibodies inhibited the 'Na The authors are grateful to Anna Victoria Santos for technical assis-
HCGO; cotransporter activity equally when added to thetance. The authors thank Clary Olichwier and Elisa Leanos for excel-
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