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Summary. Basolateral membrane vesicles isolated from rat jeju-
nal enterocyte and well purified from brush border contamina-
tion were tested to examine Cl and HCO; movements. Uptake
experiments provided no evidence for a coupling between Na
and HCOs; fluxes; K-HCO; and K-Cl cotransports also could be
excluded. Transport studies revealed the presence of a CI/HCO,
exchanger accepting other anions and inhibitable by the disul-
fonic stilbenes SITS and DIDS. We can exclude that the evi-
denced HCO;-dependent Cl uptake is due to brush border con-
tamination, since in jejunal brush border membranes this
mechanism, if present, has a very low transport rate. Besides the
CI/HCO; antiporter, a Cl-conductive pathway seems to exist in
jejunal basolateral membranes.
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Introduction

Both bicarbonate and chloride are absorbed in the
jejunal tract of the intestine [31]. The Na/H ex-
change mechanism [42] localized in the brush bor-
der membrane [26], coupled with CO, diffusion
from the lumen and its subsequent hydration by
means of carbonic anhydrase [8], can account for
HCO; entrance into the cell. On the contrary, the
ileum and proximal colon secrete HCO; [32]; since
a CI/HCO; exchange mechanism is evident in the
apical membrane of these intestinal tracts [21, 24,
41], the functionally coupled Na/H and ClI/HCO;
antiporters can promote NaCl entrance from the lu-
men into the enterocyte. Moreover, these mecha-
nisms are involved in intracellular pH and volume
homeostasis [19].

In the basolateral membrane domain of various
epithelial tissues a number of anion transport sys-
tems have been described dealing with bicarbonate
and chloride movements: CI/HCO; exchange [3, 13,
16], Na-coupled CI/HCO; exchange [3, 14, 16, 33,
37], electrogenic Na-(HCOs); cotransport [2, 5, 9,
12, 16, 17, 37, 44], passive rheogenic bicarbonate
transfer [4, 6] and Cl conductance [20, 35]. There is

evidence that in several cell types anions cross ba-
solateral membranes by means of multiple path-
ways [13, 28, 33].

Despite the importance of HCO; and Cl absorp-
tion in the physiology of the jejunum, the molecular
mechanisms underlying their transport across the
basolateral membrane are obscure. In the present
study HCO; and Cl movements were investigated
using basolateral membrane vesicles; evidence is
presented that the process which results in HCO;
absorption involves a serosally located anion ex-
change process.

Materials and Methods

BASOLATERAL MEMBRANE ISOLATION

Two male albino rats (Wistar strain, Charles River Italiana)
weighing 250-300 g (about two months age), fed a rodent labora-
tory chow and tap water, were used for each experiment. Jejunal
enterocytes were collected by scraping off the mucosal layer and
diluted in 250 mmMm sucrose, 0.2 mM phenylmethane-
sulphonylfluoride (PMSF), 0.019% (vol/vol) ethanol, 10 mMm
HEPES/Tris buffer, pH 7.5. Basolateral plasma membranes
were isolated and purified exactly as described previously [29].
Briefly, basolateral membranes collected by self-orienting Per-
coll-gradient centrifugation (Kontron, Centrikon mod. T 2070
ultracentrifuge; Haake-Buchler, Auto Densi-Flow IIC appa-
ratus), were suspended in the appropriate buffer (see single ex-
periment). Five mM CaCl,, which aggregates preferentially all
membranes except brush border, was added. Collected pellets
(basolateral membrane fraction) were washed and used for anal-
ysis and for uptake experiments. To ensure that the intravesicu-
lar space was loaded with the appropriate buffer, the collected
pellets were then incubated in the same buffer at room tempera-
ture for at least 90 min (gassed with the appropriate CO, tension
when NaHCO, was present), and used after that for Cl uptake by
the rapid micro-filtration technique.

To control the purity of the basolateral membrane fraction,
as a rule total protein, y-glutamyltransferase (y-GT, a marker
enzyme for brush border membrane) and (Na,K)-ATPase (a
marker enzyme for basolateral membrane) were determined as
published [29].



14 M.N. Orsenigo et al.: CI/HCO; Exchange in Basolateral Membranes

3
4

-]
(=]
L

Pmoles/ mg protein
o
o
L

N
?

Fig. 1. 0.1 mM Na uptake into basolateral membrane vesicles. 50
wl vesicles obtained in 74 mM sorbitol and pre-equilibrated with
25 pM valinomycin were incubated in 200 ul of either 14 mm
methylglucamine-HCO; and 54 mM sorbitol (filled circles) or 74
mM sorbitol (open circles). All solutions contained 20 mm
HEPES/Tris buffer at pH 8.2, 100 mm K-gluconate, 0.2 mM
PMSF, and 0.01% (vol/vol) ethanol. In addition, the incubating
solution contained trace amounts of 2Na and cold NaCl to a final
concentration of 0.1 mM. Ordinate: Na uptake, mean values * SE
(= vertical bars, absent if less than symbol height). Abscissa:
incubation time.

BrusH BORDER MEMBRANE [SOLATION

Brush border membrane vesicles were isolated from rat jejunum
enterocytes by the Ca?* precipitation method first described by
Schmitz et al. [38]. Mucosal scrapings, homogenized in hypo-
tonic solution (50 mM sorbitol and 2 mm Tris Cl, pH 7.1) and
incubated with 10 mm CaCl, for 15 min at 0°C, were centrifuged
at 3,000 x g for 15 min. The supernatant was centrifuged at
27,000 x g for 30 min. The pellet was resuspended in the appro-
priate buffer and centrifuged at 43,000 x g for 20 min. The final
pellet was resuspended again in the above solution.

UprTAKE EXPERIMENTS

Sodium, rubidium and chloride uptakes were carried out. A vol-
ume of basolateral membrane suspension (2-4 mg protein/ml),
equilibrated with 0.2 mMm EGTA, was mixed at 28°C with the
proper incubation solution. The composition of the resuspension
buffers and incubation media are given in the legends of the
figures. Samples were taken at selected times and diluted with
0.8 ml ice-cold reaction-stopping solution (139 mMm K gluconate,
0.2 mM PMSF, 0.01% (vol/vol) ethanol, 20 mm HEPES/Tris
buffer at either pH 7.5 or 8.2, according to the experiment)},
filtered on wetted cellulose nitrate filters (0.45 wm pore size) and
immediately rinsed with 5 ml of the stop solution. When Rb
uptake was tested, 139 mm K gluconate was substituted with 140
mM NaCl in the stop solution. The radioactivity of the filters was
counted by liquid scintillation spectrometry (Tri-Carb, Packard,
mod. 300). All experiments were performed in voltage-clamp
conditions, except in the case reported in Fig. 4, where a diffu-
sion potential was superimposed. The solutions used were pre-
filtered through 0.22 pum pore size filters. Individual uptake ex-
periments in triplicate, representative of more than three
repetitions with qualitatively identical results, are presented
throughout the paper. Since uptake equilibria values differ for
different membrane preparations, the effects of all the tested
substances were always checked with a single basolateral mem-
brane preparation. Details of experiments are reported in the
legends of the figures.
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Fig. 2. 0.1 mM Rb uptake into basolateral membrane vesicles. 50
wml vesicles obtained in 70 mM sorbitol were incubated in 200 ul of
either 14 mM methylglucamine-HCO; and 50 mM sorbitol (filled
circles), or 14 mM methylglucamine-Cl and 50 mm sorbitol (filled
squares), or in 70 mM sorbitol (open circles). All solutions con-
tained 20 mm HEPES/Tris buffer at pH 8.2, 100 mm NaNOs, 0.2
mM PMSF and 0.01% (vol/vol) ethanol. In addition the incubat-
ing solution contained trace amounts of #Rb and cold RbCl to a
final concentration of 0.1 mm. Ordinate: Rb uptake, mean values
+ SE (= vertical bars, absent if less than symbol height). Ab-
scissa: incubation time.

Results

From the (Na,K)-ATPase and y-GT determina-
tions, we calculated that the basolateral membranes
were enriched about 12 times over the initial ho-
mogenate, while brush border was reduced to one-
half. The sidedness of our basolateral membrane
preparation was determined with latency of (Na,K)-
ATPase and reported in a previous work [39]; after
activation of (Na,K)-ATPase with the detergent so-
dium dodecylsulfate (SDS) we calculated that the
ratio of unsealed to right-side-out to inside-out vesi-
clesis 2:2:1.

The first set of studies was designed to test for
the presence of the transport system that achieves
the greater part of basolateral HCO; efflux in mam-
malian kidney, namely the sodium-bicarbonate co-
transport [2, 5, 12, 16, 17, 37, 44]. As shown in Fig.
1, sodium influx rate is not affected by an inwardly
directed bicarbonate gradient, evidencing the ab-
sence of the Na-(HCO»); cotransport in jejunal ba-
solateral membranes. Sodium binding on membrane
surface was previously assayed [40], and its value,
in the presence of 100 mM potassium, is small when
compared with transport.

To examine the possible existence of a baso-
lateral potassium-bicarbonate cotransport, as sug-
gested by Lucas [25], we performed uptake experi-
ments using 86Rb as a tracer for potassium. Al-
though Rb might not perfectly substitute for K, this
cation can be replaced by Rb in most transport sys-
tems and *Rb is commonly used as a tracer for K
fluxes. There was no significant binding of *Rb to
the membrane vesicles under the incubation condi-
tions used (not reported data). As depicted in Fig. 2,
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Fig. 3. Effects of extravesicular osmolarity (abscissa, 1/osmo-
larity values) on the uptake of 2 mm Cl after 30 min equilibration.
Mean values * SE (= vertical bars, absent if less than symbol
height) are reported in nmol/mg protein (ordinate). 150 ul baso-
lateral membrane vesicles (1-2 mg protein/ml) pre-equilibrated
with 25 uM valinomycin were incubated for 30 min with 300 ul of
incubation medium. Vesicles were obtained in 70 mm sucrose, 20
mM HEPES/Tris buffer at pH 7.5 (filled circles) or pH 8.2 (open
circles), and the incubation medium contained 20 mm HEPES/
Tris buffer at pH 7.5 (filled circles) or pH 8.2 (open circles), 2 mMm
%C] and 70, 100, 820, 1070 or 1570 mM sucrose. All solutions
contained 100 mM K-gluconate, 0.2 mmM PMSF, 0.11% (vol/vol)
ethanol. In both experiments, after 30 min incubation, 100 wul
samples were processed as described above.

the lack of effect of bicarbonate on Rb flux excludes
the presence of a K-HCO; cotransport in the baso-
lateral membrane of rat enterocyte; moreover, from
the same figure, it is evident also that Cl is not capa-
ble of sustaining an uphill movement of Rb, thus
excluding the existence of a K-Cl symport.

As a subsequent approach, the uptake of Cl was
evaluated under different experimental conditions.
Figure 3 shows that 2 mm Cl uptake at 30 min is
inversely proportional to the osmolarity of the incu-
bation medium. By extrapolating CI uptake to infi-
nite osmolarity, it is evident that binding of chloride
on vesicle surface is absent both at pH 7.5 and at pH
8.2 and Cl is transported into an osmotically sensi-
tive intravesicular space.

In Fig. 4 the effect of both positive and negative
superimposed membrane potentials on 2 mm Cl up-
take is presented: since K gradients plus valinomy-
cin affect Cl movement to a great extent, data
strongly suggest the existence of a conductive path-
way for chloride in basolateral membranes. Cl con-
ductance is not affected by 1 mm SITS and 0.1 mm
DIDS (not reported data).

The effect of different monovalent anions (Na
salts) in transstimulating Cl uptake is summarized in
Fig. 5. Intravesicular bicarbonate, chloride, bro-
mide, nitrate and thiocyanate cause an increase of
Cl uptake to a level that is transiently higher than
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Fig. 4. Effect of membrane potential on 2 mM Cl uptake. 22 ul
basolateral membrane vesicles obtained in 250 mM sorbitol and
1.14 mMm K>SO, were incubated in 420 ul of either 114 mm K,SO,
(filled squares) or 11.4 mm K,SO, and 227 mM sorbito] (filled
triangles), or 1.14 mm K,SO, and 250 mM sorbitol (open circles),
or 0.114 mm K,SO, and 253 mm sorbitol (filled circles). All solu-
tions contained 20 mm HEPES/Tris buffer at pH 8.2, 0.2 mM
PMSF, 0.01% (vol/vol) ethanol. Vesicles were pre-incubated
with 25 uM valinomycin. Ordinate: Cl uptake, mean values * sg
(= vertical bars, absent if less than symbol height). Abscissa:
incubation time.
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Fig. 5. 2 mM Cl uptake into vesicles preloaded with different
anions at pH 8.2. 22 ul basolateral membrane vesicles obtained
either in 100 mm NaHCO; (filled circles) or in 100 mm NaCl
(filled squares) or in 100 mM NaBr (open squares) or in 100 mm
NaNO; (filled triangles) or in 100 mm NaSCN (open triangles) or
in 100 mM Na lactate (filled stars) or in 100 mM NaNQ, (open
stars) or in 100 mM Na-acetate (open rhombus) or in 196 mm
sorbitol (open circles) were incubated in 420 ul of 2 mm *Cl and
196 mM sorbitol. All solutions contained 20 mm HEPES/Tris
buffer at pH 8.2, 30 mm K-gluconate, 0.2 mm PMSF and 0.01%
(vol/vol) ethanol. Vesicles were pre-incubated with 25 uM va-
linomycin. Ordinate: Cl uptake, mean values = SE (= vertical
bars, absent if less than symbol height). Abscissa: incubation
time.
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Fig. 6. Effect of SITS and DIDS on 2 mm Cl uptake. 22 ul baso-
lateral membrane vesicles obtained either in 100 mm NaHCO,
(filled symbols) or in 196 mMm sorbitol (open circles) were incu-
bated in 420 wl of 2 mm **Cl and 196 mm sorbitol (circles), added
with either 1 mm SITS (filled triangles) or 0.1 mm DIDS (filled
stars). All solutions contained 20 mm HEPES/KOH buffer at pH
8.2, 30 mm K-gluconate, 0.2 mMm PMSF and 0.01% (vol/vol)
ethanol. Vesicles were pre-incubated with 25 um valinomycin.
Ordinate: Cl uptake, mean values * s (= vertical bars, absent if
less than symbol height). Abscissa: incubation time.

equilibrium value; on the contrary, lactate, nitrite
and acetate are ineffective. This experiment, per-
formed by increasing K concentration inside = out-
side to 100 mM, gave similar results. Thus the evi-
dence suggests that a CI/HCO; exchanger with
broad specificity is present at the basolateral mem-
brane. These results were obtained at pH 8.2; at pH
7.5 the maximal activation was achieved by intrave-
sicular chloride instead of bicarbonate; the behavior
of the other anions tested was not affected by pH
variation (not reported data).

In Fig. 6 the effects of 1 mm SITS and 0.1 mm
DIDS on Cl uptake are reported. In these experi-
ments HEPES/KOH instead of HEPES/Tris was
used, due to possible interactions between disul-
fonic stilbenes and Tris. Data of Fig. 6 give evi-
dence that the transstimulating effect of HCO; on Cl
uptake is drastically inhibited by both SITS and
DIDS.

The effect of bivalent anions on Cl uptake in
vesicles preloaded with 100 mm HCO; was tested in
cis-inhibition experiments, and results are summa-
rized in Fig. 7. Anions were employed as either Na
salts or TMA salts; surprisingly, some anions, when
present as Na salts, seem to stimulate Cl uptake. As
this does not occur with TMA salts, it is likely that
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Fig. 7. Effect of bivalent anions on 2 mM Cl uptake after I min
incubation. 22 ul basolateral membrane vesicles obtained in 100
mM NaHCO; and pre-incubated with 25 uM valinomycin were
incubated in 420 ul of 2 mM 3¢Cl and either 196 mM sorbitol or 88
mM Na or TMA salts. S,05” was tested only as Na salt since
TMA salt cannot be tested. All solutions contained 20 mm
HEPES/Tris buffer at pH 8.2, 30 mm K-gluconate, 0.2 mm
PMSF and 0.01% (vol/vol) ethanol. Ordinate: Cl uptake, mean
values = SE (= vertical bars).

the effect is due to the presence of Na in the ex-
travesicular medium.

The presence of CI/HCO; exchanger in the api-
cal membrane of various intestinal tracts [21, 24, 32,
41] could suggest that HCOs-stimulated Cl transport
evidenced in our preparation is actually occurring
via the brush border membranes contaminating the
basolateral membrane fraction. However, to our
knowledge, there are no references concerning a
possible CI/HCO; antiport in jejunal brush border.
Therefore, to get more insight on this subject we
performed experiments using jejunal brush border
membrane vesicles to test for the presence of such a
mechanism. Results, depicted in Fig. 8, suggest that
HCO; can transstimulate Cl uptake only to a very
small extent.

Discussion

We can exclude any contribution of brush border
transport systems in our results, since the marker
enzyme analysis shows that the basolateral mem-
brane preparation is very well purified; moreover,
in a previous work [30], our basolateral membrane
vesicles were tested for their ability to accumulate
D-glucose in the presence of an inward Na gradient.
The lack of effect is in agreement with the absence
of brush border contamination. For this reason su-
crose, which is a poorly permeating substance,
could be used to increase osmolarity.
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Fig. 8. 2 mM Cl uptake into brush border membrane vesicles. 22
ul brush border membrane vesicles obtained either in 100 mm
NaHCO; (filled circles) or in 196 mm sorbitol (open circles) were
incubated in 420 ul of 2 mm 36C] and 196 mM sorbitol. All solu-
tions contained 20 mm HEPES/Tris buffer at pH 8.2, 30 mm K-
gluconate, 0.2 mM PMSF and 0.01% (vol/vol) ethanol. Vesicles
were pre-incubated with 25 um valinomycin. Ordinate: Cl up-
take, mean values = Se (= vertical bars, absent if less than
symbol height). Abscissa: incubation time.

In view of the presence of many similar trans-
port mechanisms in renal and small intestinal baso-
lateral membranes [27], we focused our attention on
the Na-(HCQOs); cotransport, which is the major ba-
solateral membrane pathway for bicarbonate in the
proximal tubule [2, §, 12, 16, 17, 37, 44]. In our
experimental conditions membrane potential was
shunted by valinomycin and equal potassium con-
centrations in internal and external solutions; in or-
der to maintain the imposed HCO; concentration,
experiments were performed at pH 8.2. Data of Fig.
1 do not support the hypothesized mechanism, in
agreement with previous studies carried out in this
laboratory [11] and with more recent results pre-
sented by Hagenbuch et al. [17]. These Authors
suggested the possibility that a K-HCO; cotransport
could be involved in intestinal basolateral HCOs
exit, as proposed by Lucas [25] on the basis of elec-
trophysiological measurements. Once again the hy-
pothesis was rejected, as shown by experimental
results of Fig. 2.

In basolateral membranes of proximal tubule an
electrically neutral K-Cl cotransport was evidenced
[10, 36]; this transport system has been proposed as
the mechanism for chloride exit from cells having a
low basolateral conductance [34]. In the present
study we found no evidence for Cl gradient-stimu-
lated K influx, as reported for renal basolateral
membrane vesicles [13]; thus a different mode for
Cl movement must be taken into account. To shed
more light on the process of chloride flux across the
jejunal basolateral membrane, 3¢Cl uptake experi-
ments were carried out. Since both at pH 7.5 and
8.2 membrane surface should be negatively

charged, the absence of Cl binding (see Fig. 3) is not
amazing. We focused our attention on this point
because a small binding of chloride was found in
basolateral membrane vesicles from lobster hepato-
pancreas [1] and from rat lacrimal gland [23].

Results of Fig. 4 point out that chloride can
cross the basolateral membrane through a conduc-
tive pathway. We cannot exclude that this conduc-
tance might be a consequence of the separating pro-
cedure; as a matter of fact, a magnesium-induced Cl
conductive uptake was observed in renal cortical
basolateral membrane vesicles [10]; however, a Cl
conductance was also found in nonisolated baso-
lateral membranes from other epithelia [15, 20, 43].

Data reported in Fig. 5 were obtained using ves-
icles preloaded with different monovalent anions;
evidence is given that intravesicular HCO; is able to
energize the overshooting uptake of Cl, suggesting
the presence of a CI/HCO; exchanger in basolateral
membranes. Experiments were performed under
voltage-clamped conditions, thus excluding electro-
diffusional coupling. As 30 mm K could be insuffi-
cient to maintain shunting of the potential generated
by 100 mmMm anion diffusion out of the vesicles, the
experiment was also performed by increasing the
voltage clamping of the vesicles with 100 mM K
inside = outside; the transstimulation of Cl uptake
was not reduced. Furthermore, the strong inhibition
of Cl uptake exerted by the stilbene derivatives
SITS and DIDS (Fig. 6) is consistent with the pres-
ence of a transporter operating a coupling between
Cl and HCO; movements; as a matter of fact, Cl/
HCO; antiporters that have been characterized in
other cell types are sensitive to inhibition by SITS
and DIDS [18]. The ineffectiveness of SITS and
DIDS on conductive CI uptake validates the pres-
ence of an actual anion exchange. ;

The data given in Fig. 5 show that preloading of
vesicles with chloride, bromide, nitrate and thiocy-
anate can stimulate Cl uptake, whereas there is no
significant effect of lactate, nitrite and acetate.
These observations would suggest that Cl shares a
transport system with HCO; and the first group of
anions, but not with the second one. Similar anion
selectivity was reported for exchangers present in
other membranes [1, 20, 23]. The experiment de-
scribed in Fig. 5 was also carried out at pH 7.5; in
this case the maximal stimulation of Cl uptake was
achieved by intravesicular chloride. It is likely that
lowering pH value results in a reduction of intrave-
sicular HCO; concentration, leading to a lowered
driving force for CI uptake.

1t should be noted that jejunal basolateral mem-
branes contain a Na/H exchanger [30, 40] that could
be activated by the outwardly directed Na gradient
present in our experimental conditions; this could
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give rise to an intravesicular acidification and to a
subsequent decrease of HCO; concentration.
Therefore, the effects depicted in Fig. S could be
underestimated. The activity of the Na/H antiport
could also account for the results reported in Fig. 7.
In this experimental protocol the Na gradient is in-
wardly directed when bivalent anions are present as
Na salts; in this case the activation of the Na/H
exchanger would cause an intravesicular alkaliniza-
tion, resulting in a more stable HCOs concentration.
Thus, the inhibitory effect of anions could be
masked by the enhanced driving force for Cl up-
take. In addition, CI/HCO; exchange could be de-
pendent on the presence of sodium and might be
coupled to it, as reported for a number of similar
antiporters [3, 14, 16, 33, 37].

The degree of inhibition by bivalent anions can
be evaluated only in the presence of TMA salts; due
to the instability of H,S,0; we could not perform
experiments with TMA,S,0;. As illustrated in Fig.
7, the ability of bivalent anions to inhibit CI/HCO;
exchange is very low considering the high concen-
trations employed.

Results of Fig. 8 support the conclusion that the
HCO; transport system demonstrated is indeed ba-
solateral, since the small HCO; effect on Cl uptake,
evidenced in jejunal brush border membrane prepa-
ration, could be due either to a CI/HCO; exchanger
having a very low transport rate or to a basolateral
membrane contamination. Also, Cassano et al. [7],
using a different experimental approach, failed to
provide evidence for the presence of CI/HCOj; anti-
port in rat jejunal brush border membrane vesicles.

The present results provide a possible mecha-
nism by which bicarbonate absorbed across the api-
cal membrane can be transported out of the cell
across the basolateral membrane, Our conclusions
are in agreement with recent results reported for the
S; segment of renal proximal tubule, which in con-
trast to segments S; and S, does not contain the Na-
(HCO;); cotransporter [22]. In this model, chloride
would enter the cell across both the apical and the
basolateral membrane; the conductive pathway
could account for chloride exit at the basolateral
pole of jejunal enterocyte. CI/HCO; antiport, to-
gether with Na/H antiport previously evidenced in
jejunal basolateral membrane, can contribute to cell
pH and volume regulation [19].

References

1. Ahearn, G.A., Grover, M.L., Tsuji, R.T., Clay, L..P. 1987.
Proton-stimulated CI-HCQ; antiport by basolateral mem-
brane vesicles of lobster hepatopancreas. Am. J. Physiol.
252:R855-R870

2. Alpern, R.J. 1985. Mechanism of basolateral membrane H*/
OH-/HCOxs transport in the rat proximal convoluted tubule.
A sodium-coupled electrogenic process. J. Gen. Physiol.
86:613-636

3. Alpern, R.J., Chambers, M. 1987. Basolateral membrane Cl/
HCQO, exchange in the rat proximal convoluted tubule. Na-
dependent and -independent modes. J. Gen.. Physiol.
89:581-598

4, Biagi, B.A., Sohtell, M. 1986. Electrophysioloy of baso-
lateral bicarbonate transport in the rabbit proximal tubule.
Am. J. Physiol. 250:F267~-F272

5. Boron, W.F., Boulpaep, E.L. 1983. Intracellular pH regula-
tion in the renal proximal tubule of the salamander. Baso-
lateral HCO,; transport. J. Gen. Physiol. 81:53-94

6. Burckhardt, B.C., Sato, K., Fromter, E. 1984. Electrophysi-
ological analysis of bicarbonate permeation across the peri-
tubular cell membrane of rat kidney proximal tubule.
Pfluegers Arch. 401:34-42

7. Cassano, G., Stieger, B., Murer, H. 1984. Na/H- and Cl/
OH-exchange in rat jejunal and rat proximal tubular brush
border membrane vesicles. Studies with acridine orange.
Pfluegers Arch. 400:309-317

8. Charney, A.N., Wagner, J.D., Birnbaum, G.J., Johnstone,
J.N. 1986. Functional role of carbonic anhydrase in intesti-
nal electrolyte transport. Am. J. Physiol. 251:G682-G687

9. Curci, S., Debellis, L., Fromter, E. 1987. Evidence for
rheogenic sodium bicarbonate cotransport in the basolateral
membrane of oxyntic cells of frog gastric fundus. Pfluegers
Arch. 408:497-504

10. Eveloff, J., Warnock, D.G. 1987. K-Cl transport system in
rabbit renal basolateral membrane vesicles. Am. J. Physiol.
252:F883-F889

11. Faelli, A., Tosco, M., Orsenigo, M.N., Esposito, G., Ca-
praro, V. 1982, Bicarbonate transport in basolateral mem-
brane vesicles of rat enterocyte. In: Abstracts of the Meeting
of the European Society for Comparative Physiology and
Biochemistry. (Bielefeld, F.R.G.) Ed. M. Gilles-Baillien
E.S.C.P.B., Liege, Belgium

12. Grassl, S.M., Aronson, P.S. 1986. Nat/HCO; cotransport
in basolateral membrane vesicles isolated from rabbit renal
cortex. J. Biol. Chem. 261:8778-8783

13. Grassl, S.M., Holohan, P.H., Ross, C.R. 1987. CI--HCOs
exchange in rat renal basolateral membrane vesicles. Bio-
chim. Biophys. Acta 905:475-484

14. Grinstein, S., Rotin, D., Mason, M.J. 1989. Na*/H* ex-
change and growth factor-induced cytosolic pH changes.
Role in cellular proliferation. Biochim. Biophys. Acta
988:73-97

15. Guggino, W.B. 1986. Functional heterogeneity in the early
distal tubule of the Amphiuma kidney: Evidence for two
modes of Cl~ and K~ transport across the basolateral cell
membrane. Am. J. Physiol. 250:F430-F440

16. Guggino, W.B., London, R., Boulpaep, E.L., Giebisch, G.
1983. Chloride transport across the basolateral cell mem-
brane of the Necturus proximal tubule: Dependence on bi-
carbonate and sodium. J. Membrane Biol. 71:227-240

17. Hagenbuch, B., Stange, G., Murer, H. 1987. Sodium-bicar-
bonate cotransport occurs in rat kidney cortical membranes
but not in rat small intestinal basolateral membranes. Bio-
chem. J. 246:543-545

18. Hoffmann, E.K. 1986. Anion transport systems in the
plasma membrane of vertebrate cells. Biochim. Biophys.
Acta 864:1-31

19. Hoffmann, E.K., Simonsen, L.O. 1989. Membrane mecha-



M.N. Orsenigo et al.: CI/HCOs; Exchange in Basolateral Membranes

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

nisms in volume and pH regulation in vertebrate cells.
Physiol. Rev. 69:315-382

Husted, R.F., Fischer, J.L. 1987. Selectivity of basolateral
anion exchange in the acidification pathway of turtle blad-
der. Am. J. Physiol. 252:F1022-F1027

Knickelbein, R., Aronson, P.S., Schron, C.M., Seifter, J.,
Dobbins, J.W. 1985. Sodium and chloride transport across
rabbit ileal brush border: II. Evidence for CI-HCO; exchange
and mechanism of coupling. Am. J. Physiol. 249:G236-G245
Kondo, Y., Fromter, E. 1990. Evidence of chlforide/bicar-
bonate exchange mediating bicarbonate efflux from S, seg-
ments of rabbit renal proximal tubule. Pfluegers Arch.
415:726-733

Lambert, R.W., Bredley, M.E., Mircheff, A.K. 1988. Cl—-
HCOs antiport in rat lacrimal gland. Am. J. Physiol.
255:G367-G373

Liedtke, C.M., Hopfer, U. 1982. Mechanisms of Cl- translo-
cation across small intestinal brush border membrane: II.
Demonstration of CI--OH~ exchange and Cl~ conductance.
Am. J. Physiol. 242:G272-G280

Lucas, M.L. 1976. The association between acidification and
electrogenic events in the rat proximal jejunum. J. Physiol.
257:645-662

Murer, H., Hopfer, U., Kinne, R. 1976. Sodium/proton anti-
port in brush-border-membrane vesicles isolated from rat
small intestine and kidney. Biochem. J. 154:597—604
Murer, H., Kinne, R. 1980. The use of isolated membrane
vesicles to study epithelial transport processes. J. Mem-
brane Biol. 55:81-95

Nakhoul, N.L., Chen, L.K., Boron, W.F. 1990, Intracellu-
lar pH regulation in rabbit S; proximal tubule: Basolateral
Cl-HCO; exchange and Na-HCO; cotransport. Am. J.
Physiol. 258:F371-F381

Orsenigo, M.N., Tosco, M., Esposito, G., Faelli, A. 1985.
The basolateral membrane of rat enterocyte: Its purification
from brush border contamination. Anal. Biochem. 144:577—
583

Orsenigo, M.N., Tosco, M., Zoppi, S., Faelli, A. 1990.
Characterization of basolateral membrane Na/H antiport in
rat jejunum. Biochim. Biophys. Acta 1026:64—68

Parsons, D.S. 1956. The absorption of bicarbonate-saline so-
lutions by the small intestine and colon of the white rat. Q. J.
Exp. Physiol. 41:410-420

Powell, D.W. 1987. Intestinal water and electrolyte trans-
port. In: Physiology of the Gastrointestinal Tract. (2nd ed.)
L.R. Johnson, editor. pp. 1267-1305. Raven, New York

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

19

. Preisig, P.A., Alpern, R.J. 1989. Basolateral membrane H-
OH-HCO; transport in the proximal tubule. Am. J. Physiol.
256:F751-F765
Reuss, L. 1989. Ion transport across gallbladder epithelium.
Physiol. Rev. 69:503-545
Sabolic, I., Burckhardt, G. 1983. Proton pathways in rat
renal brush border and basolateral membranes. Biochim.
Biophys. Acta 734:210-220
Sasaki, S., Ishibashi, K., Yoshiyvama, N., Shiigai, T. 1988.
KCl co-transport across the basolateral membrane of rabbit
renal proximal straight tubules. J. Clin. Invest. 81:194-199
Sasaki, S., Yoshiyama, N. 1988. Interaction of chloride and
bicarbonate transport across the basolateral membrane of
rabbit proximal straight tubule: Evidence for sodium-cou-
pled chloride/bicarbonate exchange. J. Clin. Invest.
81:1004-1011
Schmitz, J., Preiser, H., Maestracci, D., Ghosh, B.K.,
Cerda, J.J., Crane, R.K. 1973. Purification of the human
intestinal brush border membrane. Biochim. Biophys. Acta
323:98-112
Tosco, M., Orsenigo, M.N., Esposito, G., Faelli, A. 1988.
Ouabain-insensitive active sodium transport in rat jejunum:
Evidence from ATPase activities, Na uptake by basolateral
membrane vesicles and in vitro transintestinal transport.
Cell Biochem. Funct. 6:155-164
Tosco, M., Orsenigo, M.N., Esposito, G., Faelli, A. 1988.
Na*/H* exchange mechanism in the basolateral membrane
of the rat enterocyte. Biochim. Biophys. Acta 944:473-476
Turnberg, L.A., Bieberdorf, F.A., Morawski, S.G.,
Fordtran, J.S. 1970. Interrelationships of chloride, bicarbon-
ate, sodium and hydrogen transport in the human ileum. J.
Clin. Invest. 49;557-567
Turnberg, L. A., Fordtran, J.S., Carter, N.-W_, Rector, F.C.,
Jr. 1970. Mechanisms of bicarbonate absorption and its rela-
tionship to sodium transport in the human jejunum. J. Clin.
Invest. 49:548-556
Welling, P.A., O’Neil, R. 1990. Ionic conductive properties
of rabbit proximal straight tubule basolateral membrane.
Am. J. Physiol. 258:F940-F950
. Yoshitomi, K., Burckhardt, B.C., Fromter, E. 1985.
Rheogenic sodium-bicarbonate cotransport in the peritubu-
lar cell membrane of rat renal proximal tubule. Pfluegers
Arch. 405:360-366

Received 19 October 1990; revised 11 March 1991



