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Abstract

During bicarbonate absorption in rat jejunum, a Cl/HCO3 exchanger mediates bicarbonate extrusion across the
basolateral membrane of the enterocyte. Previous studies demonstrated that anion antiport exhibits a particular behaviour:
its activity is positively affected by the presence of sodium, but the cation is not translocated by the carrier protein. In view of
the particular features of the jejunal Cl/HCO3 antiporter, first we performed a pharmacological characterisation of the
transport protein using various Cl channels blockers. Then, since it is well known that anion exchangers play a substantial
role in cell pH regulation, we investigated the possible involvement of jejunal basolateral Cl/HCO3 antiporter in intracellular
pH maintenance. The sensitivity of the exchanger to pH was investigated by measuring 36Cl uptake into basolateral
membrane vesicles either varying simultaneously intra- and extravesicular pH, or presetting at 7.4 external pH and varying
only the internal one. Experiments were performed both in the absence and in the presence of Na. In all the tested conditions,
uptake peaked at pH of about 7.3^7.4 and then decreased, suggesting that the main function of Cl/HCO3 exchanger is related
to HCO3 absorption rather than to intracellular pH control. Since pH-regulating mechanisms counteracting acidification are
well known in the jejunal enterocyte, we investigated how it regulates pH after alkalinisation of the cytosol. We tested both
basolateral and brush border membrane vesicles for the presence of a K/H exchanger, but we could not give evidence for its
presence by means of 86Rb uptake experiments. In conclusion, the jejunal enterocyte seems to lack a mechanism
counteracting cellular alkalinisation: the main purpose of pH homeostasis might be to hinder acidification of the cytosol due
to influx of protons and production of acid by the metabolism. ß 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The jejunal tract of rat intestine absorbs bicarbon-
ate. A Cl/HCO3 exchanger, evidenced in basolateral
membranes isolated from the rat jejunal enterocyte
[1,2] could account for HCO3 e¥ux from the cell
during its absorption. Up to now, two main types
of anion exchange mechanisms have been reported:

a cation-independent antiport [3^6] and a Na-de-
pendent one that couples Na and HCO3 £uxes
[3,6^9]. These two systems coexist in several cell
types [4,6,7,9].

The jejunal Cl/HCO3 exchanger exhibits a partic-
ular behaviour: the presence of Na positively a¡ects
the rate of anion antiport, but Na is not transported
[10]. Experiments performed to investigate the side of
Na action [11] suggested that two regulatory Na
sites, located on the inner and outer membrane sur-
faces, are involved in the protein carrier activation,
but the intracellular Na-sensitive modi¢er site seems
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to be mainly responsible for the modulation of Cl/
HCO3 exchange activity [12]. The characteristic in-
teraction of the jejunal anion antiporter with Na ion
was con¢rmed by using intact isolated enterocytes
[13] and was functionally expressed in Xenopus laevis
oocytes [14].

In mammalian cells, the level of intracellular pH
(pHi) is regulated within the narrow boundaries that
are compatible with normal cellular function. At
least three membrane-based transport systems are
known to be involved in the regulation of pHi : the
Na/H exchanger is a ubiquitous protein that, under
physiological conditions, operates to export protons
from the cell [15^17]; anion exchange also contrib-
utes to the regulation of pHi and at levels of pHi

close to neutrality may be more active than Na/H
exchange in some cell lines [15]: the Na-independent
Cl/HCO3 antiport extrudes HCO3 from the cells in
exchange for Cl ions and thereby reduces pHi [15^
18]; the Na-linked Cl/HCO3 antiport exchanges ex-
tracellular Na and HCO3 for intracellular Cl and
thereby alkalinizes the cytosol [3,6^9]. Other trans-
port mechanisms as well may be involved in the reg-
ulation of pHi, e.g. the electrogenic Na-(HCO3)n co-
transport [19] and K/H exchange [20^24], besides
ATP-driven proton pumps [25,26].

In view of the particular features of the jejunal Cl/
HCO3 exchanger, aim of this work was to perform a
pharmacological characterization of the transport
protein and to assess its putative involvement in
steady state intracellular pH maintenance.

2. Materials and methods

2.1. Basolateral membrane isolation

Two male albino rats (Wistar strain, Charles Riv-
er, Italy) weighing 250^300 g (about 2 months age),
fed a rodent laboratory chow and tap water, were
used for each experiment. Jejunal enterocytes were
collected by scraping o¡ the mucosal layer and di-
luted in 250 mM sucrose, 1 mM dithiothreitol,
0.2 mM phenylmethanesulphonil£uoride (PMSF),
0.01% (v/v) ethanol, 20 mM HEPES/Tris bu¡er,
pH 7.5. Basolateral plasma membranes were isolated
and puri¢ed as described previously [27]. Brie£y, ba-
solateral membranes collected by self-orienting Per-

coll-gradient centrifugation (Kontron, Centrikon
mod. T 2070 ultracentrifuge; Haake-Buchler, Auto
Densi-Flow IIC apparatus), were suspended in the
appropriate bu¡er (see single experiment). Seven
mM CaCl2, which aggregates preferentially all mem-
branes except brush border, was added. Collected
pellets (basolateral membrane fraction) were washed
and used for analysis and for uptake experiments by
a rapid micro¢ltration technique.

2.2. Brush border membrane isolation

Brush border membrane vesicles were isolated
from enterocytes by the Ca2� precipitation method
¢rst described by Schmitz et al. [28]. Mucosal scrap-
ings, homogenized in hypotonic solution (50 mM
sorbitol and 2 mM Tris-Cl, pH 7.1) and incubated
with 10 mM MgCl2 for 15 min at O³C, were centri-
fuged at 3000Ug for 15 min. The supernatant was
centrifuged at 27 000Ug for 30 min. The pellet was
resuspended in the appropriate bu¡er and centri-
fuged at 43 000Ug for 20 min. The ¢nal pellet was
resuspended again in the above solution.

To control the purity of the membrane fractions,
as a rule total protein, Q-glutamyltransferase (Q-GT, a
marker enzyme for brush border membrane) and
Na,K-ATPase (a marker enzyme for basolateral
membranes) were determined as published [27]

2.3. Uptake experiments

Transport of either 1 mM 36Cl (0.51 MBq/mg Cl,
Amersham, Little Chalfont, UK), or 0.1 mM 86Rb
(22.15 MBq/mg Rb, Amersham, Little Chalfont,
UK), or 1 mM H14CO3 (0.2^0.3 MBq/mmol, crystal-
line solid, N.E.N., Boston, MA, USA) into vesicles
was measured at 28³C by a rapid micro¢ltration
technique. Due to the low speci¢c activity of both
36Cl and H14CO3, the unlabelled forms were omitted
from the incubation medium. A volume of mem-
brane suspension (2^4 mg protein/ml) equilibrated
with 0.2 mM EGTA, was mixed with the proper
incubation solution (zero time). The composition of
the resuspension bu¡ers and incubation media are
given in the legends of the ¢gures. Samples were
removed at selected times and diluted with 0.8 ml
of ice-cold reaction stopping solution (122 mM
CH3COONa, 0.2 mM PMSF, 0.01% (v/v) ethanol,
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20 mM either HEPES/Tris or MES/Tris bu¡er at the
same pH of the incubating solution), ¢ltered on wet-
ted cellulose nitrate ¢lters (0.45 Wm pore size) and
immediately rinsed with 5 ml of the stop solution.
The radioactivity of the ¢lters was counted by liquid
scintillation spectrometry (Tri-Carb, Packard, model
1600 TR).

All experiments were performed under voltage-
clamp conditions, either by means of valinomycin
and equal intra- and extravesicular K concentrations
or by means of equimolar NO3

3 . The solutions used
were pre¢ltered through a 0.22-Wm pore size ¢lters.
Individual uptake experiments in triplicate, represen-
tative of more than three repetitions with qualita-
tively identical results, are presented throughout the
paper. Special precautions were taken to perform
H14CO3 uptake, as previously described [2] : in par-
ticular, transport was measured at pH 8.2 and ex-
periments lasting not more than 30 min were per-
formed; to take into account the decrease of
speci¢c activity of labelled bicarbonate (always about
10% at the end of the experiment), samples of the
reaction mixture were withdrawn at the same selected
times and used as standards.

3. Results

Basolateral membrane fraction is well puri¢ed
from other membraneous components: from the
Na,K-ATPase and Q-GT determinations, we calcu-
lated that the basolateral membranes are enriched
about 12 times over the initial homogenate, whilst
brush border is reduced about to a half. Moreover,
in a previous work [1], we demonstrated that Cl/
HCO3 exchanger is indeed basolateral, since in jeju-
nal brush border membrane this mechanism, if
present, has a very low transport rate.

In spite of the particular interaction with Na ion,
jejunal Cl/HCO3 exchanger shares various properties
with other anion antiporters, among which the stil-
bene disulphonate sensitivity [1,2]. Because DIDS is
a blocker of some Cl channels [29] and because var-
ious anion exchangers are sensitive to inhibition by
some channel blockers [30], a series of these drugs
has been tested for the e¡ectiveness on jejunal Cl/
HCO3 antiport. Anion antiporter activity has been
evaluated by measuring H14CO3 uptake driven by an

outwardly directed Cl gradient [2]. Data of Fig. 1
show that 0.2 mM 9-anthracene carboxylic acid
(9AC) and 0.2 mM diphenylcarboxylic acid (DPC)
have practically no inhibitory activity, whereas
0.2 mM ni£umic acid, 0.2 mM £ufenamic acid and
0.1 mM 5-nitro-2P-(3-phenylpropylamino) benzoic
acid (NPPB) show roughly comparable inhibitory
potency against jejunal antiporter. Obviously such
an e¡ect cannot be ascribed to the inhibition of Cl
channels, since this reduces Cl e¥ux from the
vesicles, thus enhancing the driving force for HCO3

uptake. None of the tested drugs was more potent
than DIDS.

Since in a previous study evidence was given that
Cl/HCO3 antiport can perform Cl/Cl self exchange
[1], in the subsequent proceeding anion exchange ac-
tivity has been evaluated measuring Cl uptake driven
by an outwardly directed Cl gradient. At this pur-
pose vesicles were incubated for 10 s either in the
presence (e¡ect) or in the absence (control) of an
outwardly directed Cl gradient. Fig. 2 depicts the
Cl gradient-driven Cl uptake (obtained by subtract-

Fig. 1. E¡ects of di¡erent inhibitors on Cl/HCO3 exchange.
Twenty Wl jejunal basolateral membrane vesicles containing ei-
ther 196 mM sorbitol (open circles) or 100 mM NaCl (all other
symbols) was incubated in 380 Wl of 196 mM sorbitol alone
(open and ¢lled circles), or added with either 0.1 mM DIDS
(open squares), or 0.1 mM NPPB (open triangles), or 0.2 mM
£ufenamic acid (open diamonds), or 0.2 mM ni£umic acid
(¢lled diamonds), or 0.2 mM DPC (¢lled triangles) or 0.2 mM
9AC (¢lled squares). All incubating solutions contained 1 mM
H14CO3

3 and 0.1% (v/v) ethanol. All solutions contained 20 mM
HEPES/KOH bu¡er (pH 8.2), 30 mM K-gluconate, 0.2 mM
PMSF and 0.01% (v/v) ethanol. Vesicles were preincubated with
25 WM valinomycin. Ordinate; HCO3

3 uptake, mean val-
ues þ S.E. (vertical bars, absent if less than symbol height). Ab-
scissa: incubation time.
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ing the control data from the e¡ect ones) as a func-
tion of equal intra- and extravesicular pH. Uptakes
are expressed as percentages of the value obtained at
pH 7.2, that should correspond to the resting intra-
cellular pH in intestinal epithelial cells [36,37].

In the same ¢gure, results obtained both in the
absence (upper panel) and in the presence of Na
(lower panel) are reported. In the latter case, intra-
and extravesicular Na concentrations mimicked the
intra- and extracellular ones (20 and 100 mM respec-
tively): this was consistent with the previous ¢nding
that basolateral membrane vesicles are 90% right side
out oriented [11]. All uptake values were higher in
the presence of sodium, as previously reported [10^
12], but in Fig. 2 they are expressed as percentages of
the value obtained at pH 7.2. From data reported in
the ¢gure, it is evident that there is a very strong pH
dependence of anion exchange activity, but no sig-

Fig. 2. E¡ect of pH (pHin = pHout) on Cl/36Cl exchange. Forty
Wl jejunal basolateral membrane vesicles was incubated for 10 s
in 360 Wl of incubating solution either in the presence (e¡ect)
or in the absence (control) of an outwardly directed Cl gra-
dient. The Cl gradient-driven uptake was obtained by subtract-
ing the latter value from the former one. Data are reported as
percentages of the value obtained at pH 7.2. All incubating sol-
utions contained 1 mM 36Cl. All solutions contained 100 mM
Tris/HEPES/MES bu¡er at various pH values (6^8.5), 0.2 mM
PMSF and 0.01% ethanol (v/v). Intra- and extravesicular solu-
tions were always bu¡ered at the same pH. Vesicles were prein-
cubated with 25 WM valinomycin. Upper panel: uptakes per-
formed in the absence of Na. The intravesicular solutions
contained either 50 mM KCl and 33 mM sorbitol (e¡ect) or
25 mM K2SO4 and 70 mM sorbitol (control) ; the incubating
solutions contained either 25 mM K2SO4 and 70 mM sorbitol
(e¡ect) or 25 mM K2SO4, 5 mM KCl and 66 mM sorbitol
(control). Lower panel : uptakes performed in the presence of
20 mM intravesicular and 100 mM extravesicular Na. The in-
travesicular solutions contained either 20 mM NaCl, 30 mM
KCl, 10 mM K2SO4 and 60 mM sorbitol (e¡ect) or 25 mM
K2SO4, 10 mM Na2SO4 and 87 mM sorbitol (control) and the
incubating solutions contained either 50 mM Na2SO4 and
25 mM K2SO4 (e¡ect) or 47.5 mM Na2SO4, 5 mM NaCl and
25 mM K2SO4 (control).

Fig. 3. E¡ect of intravesicular pH on Cl/36Cl exchange. Experi-
mental protocol as in Fig. 2. Incubating solutions were always
bu¡ered with 100 mM HEPES/Tris pH 7.4, while intravesicular
pH was varied (6^8.5) using Tris/HEPES/MES bu¡er.
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ni¢cant di¡erence is apparent in the presence and
absence of Na ion and the maximal transport rate
occurs in both cases at pH of about 7.3^7.4. Since
the extent of activation decreases at both acidic and
alkaline pHs, the base movement generated by the
anion exchanger does not seem to be switched by pH
shifts.

Because anion antiport activities in other cells have
been reported to vary with cytoplasmic pH, it was of
interest to determine the e¡ect of clamping intrave-
sicular pH at several values, keeping constant the
external solution at pH 7.4. Fig. 3 illustrates the
results obtained using this experimental protocol,
carried out both in the absence (upper panel) and
in the presence of Na (lower panel), as in Fig. 2.
Data reported in Fig. 3 demonstrate that the anion
exchange activity is also sensitive to changes in intra-
vesicular pH only, but results are similar to those
reported in Fig. 2 as to the maximally activating
pH and the ine¡ectiveness of Na ion on the shape
of the curve. Thus, from these data it seems reason-
able to conclude that jejunal anion exchanger does

not subserve a function such as cell pH defense,
being probably mainly involved in HCO3 absorption.

How does the jejunal enterocyte regulate its intra-
cellular pH? It is well known that it possesses a
mechanism counteracting cytosolic acidi¢cation,
namely the housekeeping Na/H exchanger [15^17].
Na/H exchangers are located both in brush border
[31] and in basolateral membrane [32]; however, the
enterocyte should also defend cell pH against alka-
linization and would require a transporter which acts
as an acidifying mechanism in response to a basic
load. Since Cl/HCO3 does not seem to play this
role and Na-(HCO3)n is not present in the jejunal
enterocyte [1], we tested for a possible K/H exchange
activity, that has been reported in other intestinal
tracts [20,24]. Using rubidium as a tracer for potas-
sium, ¢rstly we demonstrated that 0.1 mM Rb up-
take at 60 min is inversely proportional to the osmo-
larity of the incubation medium (Fig. 4); a certain
binding (23% at pH 8 and 13% at pH 6) is detectable
in the presence of 70 mM Na. Rb uptake into baso-

Fig. 4. E¡ect of extravesicular osmolarity on the uptake of
0.1 mM 86Rb. One hundred and ¢fty Wl jejunal basolateral
membrane vesicles (0.5^1 mg protein/ml) were incubated with
300 Wl of incubation medium. Vesicles contained 24 mM su-
crose and 100 mM HEPES/MES/Tris bu¡er either at pH 8.0
(¢lled circles) or at pH 6.0 (open circles). The incubation me-
dium contained 100 mM HEPES/MES/Tris bu¡er either at pH
8.0 (¢lled circles) or at pH 6.0 (open circles), RbCl2 (0.1 mM)
plus trace amounts of 86Rb and 24, 74, 824, 1074 or 1524 mM
sucrose. All solutions contained 70 mM NaNO3, 0.2 mM
PMSF and 0.01% ethanol. In both experiments, after 60 min
incubation, 100 Wl samples were processed as described. Ordi-
nate: Rb uptake, mean values þ S.E. (vertical bars, absent if
less than symbol height). Abscissa: 1/osmolarity.

Fig. 5. Rb (0.1 mM) uptake into jejunal basolateral membrane
vesicles. Forty Wl vesicles containing 45 mM sorbitol and
100 mM MES/Tris bu¡er pH 6.0, pre-equilibrated (¢lled trian-
gles) or not (all other symbols) with 50 WM FCCP, were incu-
bated in 360 Wl of either 45 mM sorbitol and 100 mM HEPES/
Tris bu¡er at pH 8.0 (¢lled circles), or 45 mM sorbitol, 50 WM
FCCP and 100 mM HEPES/Tris bu¡er at pH 8.0 (¢lled trian-
gles), or 45 mM sorbitol and 100 mM MES/Tris bu¡er at pH
6.0 (open circles), or 35 mM sorbitol, 4 mM BaCl2 and 100 mM
HEPES/Tris bu¡er at pH 8.0 (open squares), or 25 mM K-gluc-
onate and 100 mM HEPES/Tris bu¡er at pH 8.0 (¢lled
squares). All incubating solutions contained 1 mM amiloride
and 0.1 mM RbCl plus trace amounts of 86Rb. All solutions
contained 70 mM NaNO3, 0.2 mM PMSF and 0.11% (v/v)
ethanol. Ordinate: Rb uptake, mean values þ S.E. (vertical bars,
absent if less than symbol height). Abscissa: incubation time.
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lateral membrane vesicles was studied under di¡erent
experimental conditions: data of Fig. 5 indicate that
Rb uptake is inhibited by 4 mM Ba and by 25 mM
K, but is una¡ected by an outwardly directed proton
gradient, with or without the protonophore FCCP.
These ¢ndings do not support the presence of K/H
antiport in basolateral membranes. Since this mech-
anism was detected in rat ileal brush border [20] and
in brush border of chick intestine [24], we carried out
the same experimental protocol using jejunal brush
border membranes; although higher uptake values
were obtained with brush border, due probably to
the greater percentage of sealed vesicles [11,33], the
pattern of the results (not reported) overlap the one
depicted in Fig. 5.

Thus, there is no evidence for the presence of K/H
antiport in the jejunal enterocyte. To better strength-
en this conclusion, the presence of K/H exchanger
was investigated in ileal brush border: actually,
data reported in Fig. 6 show that Rb uptake is stimu-
lated by the imposed pH gradient and the pH e¡ect
is reduced by FCCP. Thus, results of Fig. 6 are in
agreement with those reported in the literature.

4. Discussion

In rat intestine, an Na-independent Cl/HCO3 ex-
changer is located in ileum brush border membranes
[34]; on the contrary, the anion exchanger is local-
ized only at the basolateral pole of the enterocyte in
the jejunal tract [1]. The particular features of its
interaction with Na ion make jejunal anion anti-
porter di¡erent from those described in the literature
[11].

None of the drugs tested in the current study
(Fig. 1) was a potent inhibitor of anion exchanger
and no one was more potent than DIDS. The tested
substances are blockers of Cl channels and belong to
a large group of arylaminoalkyl benzoates, originally
derived from anthracene-9-carboxylate [30]. DPC is
closely related to a group of non-steroidal anti-in-
£ammatory drugs that were found to block anion
exchanger in the red blood cells; it is apparent
from Fig. 1 that it is ine¡ective on jejunal antiporter.
NPPB exhibits a structural similarity with loop diu-
retics of the furosemide type and, as a matter of fact,
its inhibitory action is comparable to the one exerted
by furosemide on jejunal exchanger [10]. Flufenamic
and ni£umic acids display a similar inhibitory activ-
ity. The partial inhibition of Cl/HCO3 antiport by Cl
channels blockers di¡erentiates jejunal antiporter
from other anion exchangers; this may suggest that
jejunal basolateral exchanger and Cl channels could
share some common structural motifs.

The main objective of this study was to gain in-
sight into the pH in£uence on the activity of the
jejunal Cl/HCO3 exchanger in light of its potential
contribution to intracellular pH homeostasis. Since
evidence was given that anion antiporter can perform
Cl/Cl self-exchange [1], we measured only 36Cl/Cl
exchange, ruling out any interference with transport
of HCO3, the availability of which is strongly pH-
dependent. Therefore we could measure the depend-
ence of anion antiport rates on pH in the absence of
signi¢cant changes in the driving force of exchange-
able anions [18].

Results of Fig. 2 demonstrate that anion exchang-
er is inactive at pH 6, increases in activity as pH
raises and once again becomes progressively inactive
at high levels of pH. The presence of sodium, in
concentrations mimicking the intra- and extracellular
ones, increases the rate of operation of the antiporter

Fig. 6. Rb (0.1 mM) uptake into ileal brush border membrane
vesicles. Forty Wl vesicles containing 45 mM sorbitol and 100
mM MES/Tris bu¡er pH 6.0, pre-equilibrated (¢lled triangles)
or not (open and ¢lled circles) with 50 WM FCCP, were incu-
bated in either 360 Wl of 45 mM sorbitol and 100 mM HEPES/
Tris bu¡er at pH 8.0 (¢lled circles), or 45 mM sorbitol, 50 WM
FCCP and 100 mM HEPES/Tris bu¡er at pH 8.0 (¢lled trian-
gles), or 45 mM sorbitol and 100 mM MES/Tris bu¡er at pH
6.0 (open circles). All incubating solutions contained 1 mM
amiloride and 0.1 mM RbCl plus trace amounts of 86Rb. All
solutions contained 70 mM NaNO3, 0.2 mM PMSF and 0.11%
(v/v) ethanol. Ordinate: Rb uptake, mean values þ S.E. (vertical
bars, absent if less than symbol height). Abscissa: incubation
time.
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at all tested pH values, but no discrepancies are ap-
parent concerning both the shape of the curve and
the maximally stimulating pH.

The data in Fig. 2 were obtained by varying simul-
taneously the pH of intra- and extravesicular solu-
tions, corresponding, respectively, to the cytosolic
and extracellular environments due to the prevailing
right side out orientation of membrane vesicles [11].
In a number of cell types, anion exchange is acti-
vated by shifts in intracellular pH [15,16,35^38].
However, all studies performed in intact cells have
the problem that, because of the limited manipula-
bility of the intracellular ionic environment, the
transmembrane anion concentrations cannot be
strictly controlled. Our membrane vesicle prepara-
tion allows to measure the pHi dependence of Cl
uptake into Cl-loaded vesicles, keeping constant
pHo. Indeed, evidence was given that transmembrane
pH gradient per se cannot drive Cl movement since
Cl/OH exchange process is missing in jejunal baso-
lateral membranes [10]. Results, reported in Fig. 3,
do not di¡er signi¢cantly from the ones of Fig. 2.
Thus, the observed changes in activity of the ex-
changer could be due to a direct e¡ect of pHi on
its rate of operation. We do not have any explana-
tion for the e¡ect of pH on the exchanger activity. It
could be likely that it merely exhibits an optimum
stimulating pH at 7.4, rather than being involved in
pH homeostasis. Anyhow, in the whole cell an indi-
rect regulation of Cl/HCO3 antiporter activity is cer-
tainly accomplished by pHi, since it strongly a¡ects
HCO3 concentration.

In a number of cell types, an acidic pH activates
Na-dependent Cl/HCO3 exchange rate [3,4,6^9],
whereas an alkaline pH increases Na-independent
anion exchange activity [15,16,35^38]; in some tis-
sues an allosteric activation of the exchanger by the
pHi takes place [35,36]. The pH dependency curve of
basolateral membrane anion exchange rates indicates
that Cl/HCO3 antiporter is maximally activated at
pH of at about 7.3^7.4. At pH 7.2, which should
correspond to the resting intracellular value of intes-
tinal epithelial cells [36,37], anion exchanger seems to
be already activated to a great extent. As a matter of
fact, in epithelia that e¡ect transepithelial acid/base
transport, membrane transporters must be active at
resting values of cell pH [17,18], while in non-polar
cells it is more energetically favourable for these

transporters to be quiescent, being activated only
when needed [39].

To sum up, we can exclude a major role for jejunal
anion antiporter in contributing to the recovery of
pHi, ruling out also the presence of a pH-sensitive
modi¢er site on the transport protein. The main
function of the exchanger is probably linked to bi-
carbonate transport: this could account for the po-
larized localization of Cl/HCO3 antiport in di¡erent
intestinal tracts, e.g. basolaterally in the jejunum,
where HCO3 is absorbed, apically in ileum and du-
odenum, where HCO3 is secreted.

Plasma membrane anion exchangers (AE) consti-
tute a diverse family of transporters. Three members
of this family, designated AE1, AE2 and AE3 have
been cloned [40^42]; their physiological roles di¡er
widely among the cell types in which they are ex-
pressed, however it is likely that all these proteins
play a role in the regulation of intracellular pH in
their respective tissue [40]. In the light of results of
this study, jejunal basolateral anion exchanger seems
to di¡er functionally from AE gene family both for
its characteristic interaction with Na ion and for its
relative ine¡ectiveness in pHi control.

In this scenario, it remains obscure how the jejunal
enterocyte could counteract cytosolic alkalinization,
as Na-(HCO3)n cotransport does not seem to be
present in this section of the intestinal tract [1].
Therefore we tested for the existence of K/H ex-
changer, that has been detected in the inner mem-
brane of mitochondria [43] and in the plasma mem-
brane of di¡erent cell types [20^24] and that
functions as a proton loader. Due to the negative
charges of membrane surface, a considerable binding
of 86Rb on vesicles was detected (not reported data);
nevertheless, binding was reduced to a great extent
by adding 70 mM sodium in the incubating solution
(Fig. 4). The presence of K/H exchange was tested
both in basolateral (Fig. 5) and in brush border
membrane vesicles (not reported data), but in both
membrane preparations it was apparent that Rb
moves through a Ba-sensitive K channel [44] and
pH gradient is ine¡ective on its uptake. One mM
amiloride was present in this experimental protocol
to prevent pH gradient dissipation caused by Na/H
exchange activity; however, given that amiloride
might be inhibitory also on K/H antiporter [23],
some experiments were performed in the absence of
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the drug by substituting Na with tethramethylammo-
nium, that cannot be a substrate for Na/H exchanger
[32]. As a matter of fact, results did not change.

Thus, the jejunal enterocyte seem to lack an acid-
ifying mechanism acting in response to a basic load.
Two possibilities arise: either an alternative system is
involved in this process, or such a mechanism is not
necessary. Actually, it is known that the jejunal en-
terocyte itself produces large quantities of lactic acid,
despite an adequate oxygen supply [45,46]: this
would not allow the set up of alkaline conditions.
In light of the above discussion, this point should
be reconsidered.

References

[1] M.N. Orsenigo, M. Tosco, A. Faelli, J. Membr. Biol. 124
(1991) 13^19.

[2] M.N. Orsenigo, M. Tosco, A. Faelli, Biochim. Biophys.
Acta 1108 (1992) 140^144.

[3] P.A. Preisig, R.J. Alpern, Am. J. Physiol. 256 (1989) F751^
F765.

[4] N.L. Nakhoul, L.K. Chen, W.F. Boron, Am. J. Physiol. 258
(1990) F371^F381.

[5] R.D. Halligan, H. Shelat, A.M. Kahn, Am. J. Physiol. 260
(1991) C347^C354.

[6] B. Kramhoft, E.K. Ho¡man, L.O. Simonsen, J. Membr.
Biol. 138 (1994) 121^132.

[7] S. Sasaki, N. Yoshiyama, J. Clin. Invest. 81 (1988) 1004^
1011.

[8] S. Liu, D. Piwnica-Worms, M. Lieberman, J. Gen. Physiol.
96 (1990) 1247^1269.

[9] A.M. Kahn, E.J. Cragoe Jr., J.C. Allen, R.D. Halligan, H.
Shelat, Am. J. Physiol. 259 (1990) C134^C143.

[10] M. Tosco, M.N. Orsenigo, A. Faelli, J. Membr. Biol. 135
(1993) 129^135.

[11] M.N. Orsenigo, M. Tosco, A. Faelli, J. Membr. Biol. 138
(1994) 47^53.

[12] M.N. Orsenigo, M. Tosco, A. Faelli, Cell Biochem. Funct.
14 (1996) 69^73.

[13] M. Tosco, M.N. Orsenigo, A. Faelli, Experientia 52 (1996)
245^248.

[14] M. Tosco, M.N. Orsenigo, G Gastaldi, A. Faelli, Cell Bio-
chem. Funct. 16 (1998) 35^42.

[15] T.I. Tonnessen, K. Sandvig, S. Olsnes, Am. J. Physiol. 258
(1990) C1117^C1126.

[16] R.W. Lambert, M.E. Bradley, A.K. Mirche¡, Am. J. Phys-
iol. 260 (1991) G517^G523.

[17] U. Seidler, M. Hubner, S. Roithmaier, M. Classen, Am.
J. Physiol. 266 (1994) G759^G766.

[18] M. Nader, G. Lamprecht, M. Classen, U. Seidler, J. Physiol.
(Lond.) 481 (1994) 605^615.

[19] W.F. Boron, M.A. Hediger, E.L. Boulpaep, M.F. Romero,
J. Exp. Biol. 200 (1997) 263^268.

[20] H.J. Binder, H. Murer, J. Membr. Biol. 91 (1986) 77^84.
[21] J.A. Bonanno, Am. J. Physiol. 260 (1991) C618^C625.
[22] M. Graber, E. Pastoriza-Munoz, Am. J. Physiol. 265 (1993)

F773^F783.
[23] H.M. Maldonado, P.M. Cala, Am. J. Physiol. 267 (1994)

C1002^C1012.
[24] M.J. Peral, M. Cano, A.A. Ilundain, Eur. J. Biochem. 231

(1995) 682^686.
[25] M. Forgac, Physiol. Rev. 69 (1989) 765^789.
[26] E.C. Rabon, M.A. Reuben, Annu. Rev. Physiol. 52 (1990)

321^344.
[27] M.N. Orsenigo, M. Tosco, G. Esposito, A. Faelli, Anal.

Biochem. 144 (1985) 577^583.
[28] J. Schmitz, H. Preiser, D. Maestracci, B.K. Ghosh, J.J. Cer-

da, R.K. Crane, Biochim. Biophys. Acta 323 (1973) 98^112.
[29] H. Gogelein, Biochim. Biophys. Acta 947 (1988) 521^547.
[30] Z.I. Cabantchik, R. Greger, Am. J. Physiol. 262 (1992)

C803^C827.
[31] H. Murer, U. Hopfer, R. Kinne, Biochem. J. 154 (1976) 597^

604.
[32] M.N. Orsenigo, M. Tosco, S. Zoppi, A. Faelli, Biochim.

Biophys. Acta 1026 (1990) 64^68.
[33] W. Haase, A. Schafter, H. Murer, R. Kinne, Biochem. J. 172

(1978) 57^62.
[34] R. Knickelbein, P.S. Aronson, C.M. Schron, J. Seifter, J.W.

Dobbins, Am. J. Physiol. 249 (1985) G236^G245.
[35] M. Mason, J.D. Smith, J. De Jesus Garcia-Soto, S. Grin-

stein, Am. J. Physiol. 256 (1989) C428^C433.
[36] A. Mugharbil, R.G. Knickelbein, P.S. Aronson, J.W. Dob-

bins, Am. J. Physiol. 259 (1990) G666^G670.
[37] E. Wenzl, M.D. Sjaastad, W.H. Weintraub, T.E. Machen,

Am. J. Physiol. 257 (1989) G732^G740.
[38] U. Seidler, S. Roithmaier, M. Classen, W. Silen, Am.

J. Physiol. 262 (1992) G81^G91.
[39] O.W. Moe, R.J. Alpern, in: Schultz et al. (Eds.), Molecular

Biology of Membrane Transports Disorders, Plenum press,
New York, 1996.

[40] S.L. Alper, Annu. Rev. Physiol. 53 (1991) 549^564.
[41] A. Chow, J.W. Dobbins, P.S. Aronson, P. Igarashi, Am.

J. Physiol. 263 (1992) G345^G352.
[42] K.E. Kudrycki, P.R. Newman, G.E. Shull, J. Biol. Chem.

265 (1990) 462^471.
[43] K.D. Garlid, Biochem. Biophys. Res. Commun. 83 (1978)

1450^1455.
[44] A.P. Morris, D.V. Gallacher, J.A.C. Lee, FEBS Lett. 206

(1986) 87^92.
[45] S.E. Buchalter, M.R. Crain, R. Kreisberg, Diabetes Metab.

Rev. 5 (1989) 379^391.
[46] J.D. Cremin, S.E. Fleming, Am. J. Physiol. 272 (1997)

G575^G588.

BBAMEM 77393 10-7-98

M. Tosco et al. / Biochimica et Biophysica Acta 1372 (1998) 323^330330


