
64 Btochlmtca et Bwphystca Acta, 1026 (1990) 64-68 
Elsevier 

BBAMEM 74904 

Characterization of basolateral membrane N a / H  antiport 
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Na uptake studies were performed in order to examine the activity of a N a / H  exchanger in basolateral membrane 
vesicles isolated from rat jejunum. Experiments were carried out under voltage-clamped conditions in order to avoid 
electrodiffusional ionic movements. 1 mM Na uptake was found to be enhanced by an outward proton gradient and its 
initial rate was further increased by the presence of monensin or nigericin. The pH gradient-driven Na uptake was 
inhibited by 2 mM amiloride and unaffected by 0.1 mM 4,4'-diisothiocyanatostiibene-2,2'-disulfonic acid. The initial 
rate of the proton gradient-induced Na uptake was saturable with respect to external Na, with a K m of 13.6 + 1.4 mM 
and a Vm~ of 35.4 ± 2.2 umol/mg protein per min. Li competed with Na for the exchange process, whereas K, Rb, Cs, 
tetramethylammonium had no effect. We conclude that rat jejunal basolateral membrane contains a N a / H  exchanger 
whose properties are similar to those of the antiporter identified in the brush-border membrane. 

Introduction 

The plasma membrane N a / H  exchanger seems to be 
present in most cell types and it appears to play a key 
role in a number  of dwerse cellular functmns, such as 
the regulation of mtracellular pH,  the control of cell 
volume and the prohferatmn in response to growth 
factors and nutogens [1-3] The antlporter actlwty is 
mtublted by the potassmm-spanng diuretic amdorlde 
and ~ts analogs, wluch seem to compete with N a  for ~ts 
binding stte [2,4] The exchange mechanism is energeti- 
cally driven by the Na  gradaent across the membrane 
and, thus, is indirectly fueled by the N a / K  pump, 
wluch ensures the maintenance of the N a  gradient 

The  N a / H  anUporter m intestinal and kidney epl- 
thehal cell brush-border membranes has been well 
documented since 1976 [5], recently, the extstence of the 
exchanger was also assessed m the basolateral mem- 
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brane of many eplthehal tissues [6-20] In a previous 
paper, we provided ewdence for the presence of the 
N a / H  antxporter at the basolateral pole of rat entero- 
cyte [21], m tlus current study, we have further charac- 
terized the antlport  in order to check whether flus 
mechamsm shares some features with that present m the 
brush border, or whether it has different properties 
corresponding to the functmnal polarization of the en- 
terocyte plasma membrane  

Materials and Methods 

Basolateral membrane  separatton 
Basolateral p lasma membranes  from rat jejunum en- 

terocytes were isolated and purified as described [22]. 
Bnefly, 5 m M  MgC12, wtuch preferenually aggregates 
all membranes  except the brush-border membrane,  was 
added to basolateral membranes  collected by self-ori- 
enting Percoll-grachent centnfugatlon (Kontron, Cen- 
tnkon  rood T2070 ultracentrifuge, Haake-Buchler, Auto 
Densl-Flow II  C apparatus) Mg was used instead of 
Ca, since proton conductance can possibly be increased 
by Ca [23] To ensure that the mtraveslcular space was 
loaded with the appropriate buffer, the last centnfuga- 
tlon was run at 2 0 ° C  The collected pellets (3-7 mg 
p r o t e m / m l )  were then incubated m the same buffer at 
room temperature for 30 nun, equthbrated with 0 2 mM 
E D T A  and subsequently used for N a  uptake by the 
rapid nucro-flltratlon technique 
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To control the purity of the basolateral membrane 
fraction, total protein, ),-glutamyltransferase (),-GT, a 
marker enzyme for brush-border membrane), cyto- 
chrome-c oxtdase (a marker enzyme for matochondna) 
and Na/K-ATPase (a marker enzyme for basolateral 
membrane) were deterrmned as pubhshed [22] To ex- 
clude ngorously m~tochondnal contammatlon, succlmc 
dehydrogenase activity was also assayed, according to 
the method of Pennmgton [24] with modifications fol- 
lowing Porteous and Clark [25] 

Sodmm uptake 
Uptake studies, earned out under voltage-clamped 

condmons at 28 ° C, were started by ddutmg the vesicle 
suspension into an incubation medmm contalmng trace 
amounts of 22Na and unlabelled NaC1 The composi- 
tion of the final resuspenslon solutaon and incubation 
medm is gwen m the figure legends Samples were 
dduted w~th 0 8 ml ice-cold reaction-stopping solution 
(135 mM KC1, 20 mM Hepes-Trls buffer, pH 7 5), 
filtered on wet cellulose mtrate falters (0 45 /xm pore 
size) and lmmedmtely rinsed with 5 ml of the stop 
solution The radaoactlvlty of the filters was counted by 
hqmd scmtdlatlon spectrometry (Trl-Carb, Packard, 
mod 300) All the solutions used were prefiltered 
through 0 22 #m pore size filters and their osmolanty 
was checked using an osmometer (Halbrmkro, Knauer) 

Indavldual uptake experiments performed in trl- 
phcate, representatwe of more than three repetluons 
with quahtatwely identical results, are presented 
throughout the paper In view of the s~gmficant varia- 
tions m mtraves~cular space between preparations, the 
effects of all tested substances were always checked 
with a smgle basolateral membrane preparation 

D-Glucose uptake 
60 /~1 vesicles obtained m 250 mM sorbltol were 

incubated m 180 #1 of 65 mM sorb~tol, 0 1 mM D-glu- 
cose plus trace amounts of D-[14C]glucose and either 
100 mM NaC1 or 100 mM KC1 All solulaons contained 
10 mM Hepes-Tns buffer (pH 7 5), 0 2 mM phenyl- 
methylsulfonyl fluonde (PMSF) and 011% (v/v) 
ethanol At the selected tunes (10 s, 1 mm, 2 mm and 60 
mm) samples were taken and processed as described 
above 

Matertals and Stattsttcs 
22NaC1 (0 2 0  mg -1 Na) was from Amersham In- 

ternational (Amersham, U K.) D-[14C(U)]Glucose (329 
mCl.  mmol- : )  was from Du Pont De Nemours 
(F R G ) Vahnomycm, monensm, mgerlcln, am_dorlde 
and 4,4'-dusotinocyanatosttlbene-2,2'-&sulfomc acid 
(DIDS) were purchased from Sigma (St Lotus, MO, 
U S.A ) Percoll was from Pharmacm Free Chermcals 
(Uppsala, Sweden) All other chemicals were of reagent 
grade 
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All data are presented as means + S E ,  staUstical 
s~gmficance was determined by the Student's t-test 

Results and Discussion 

It is well known that the N a / H  exchanger is present 
m the brush border of enterocyte [5] and m mltochon- 
drlal membranes [26] Therefore, m order to charac- 
terize the Na/H antlport m the basolateral membrane, 
a particularly well purified fraction is needed In our 
preparation the enrichment factor for the specific activ- 
ity of the basolateral membrane marker enzyme, 
Na/K-ATPase, was 12 4 + 0 8 (n = 16) with respect to 
the starting homogenate, whereas the enrichment factor 
for 7-glutamyltransferase, brush-border marker enzyme, 
was 0.5 + 007 and that for cytochrome-c oxadase, 
marker enzyme for mttochondna, was 0 4 + 0 06 Fur- 
thermore, the specific actlvaty of succtmc dehydrogenase 
was significantly reduced m the basolateral membrane 
preparation as compared with the crude homogenate, 
yielding an enrichment factor of 0 35 _ 0 04 and, thus, 
excluding rmtochondrlal contamination 

To rule out the posslblhty that our results were 
affected by the presence of brush-border membrane 
vesicles, the abthty of our preparation to accumulate 
D-glucose against a concentration gradient was tested 
the sodmm-glucose cotransport system is known to be 
locahzed m the apical membrane of the enterocyte [27] 
D-Glucose uptake d~d not increase when a Na gradient, 
instead of a K gradient, was imposed across the mem- 
brane vesicles (data not reported) The lack of effect 
suggests the absence of apical contamanation of the 
basolateral membranes 

In a previous study [21], we reported that, m the 
presence of external KC1, nonspeclfic binding of Na to 
the membranes is mmamal compared with transport 
Fig 1 depicts the effect of a pH gradient on Na uptake 
An outwardly chrected proton gradient (pH,-- 5 5, pH o 
= 7 5) enhances Na uptake over the equthbnum value, 
there is no stimulation of Na uptake when no A pH is 
present (pH 1 = pH o = 5 5) To exclude electrodfffu- 
s~onal couphng between Na and H movements, Na 
uptake studies were performed in vesicles voltage- 
clamped w/th equal internal and external K concentra- 
tions and vahnomycm The effects of mgencin and 
monensm on Na uptake m the presence of A pH are also 
reported m Fag I Monensm and mgencm are lono- 
phores that facihtate electroneutral N a / H  exchange 
across the membrane The results of tins experiment 
show that monensm and mgencm sttmulate the ~mtml 
rate of Na uptake (uptake values at 15 s and at 1 mm of 
incubation in the presence of the ~onophores are stat~stl- 
cally chfferent from those obtained under other conda- 
tlons), whereas the equlhbnum value remains unaf- 
fected Moreover monensln, winch is more specific for 
Na, causes the strongest enhancement of 15 s uptake 
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Fig 1 1 mM Na uptake in basolateral membrane vesicles 60 #i 
vesicles obtained m 100 mM Mes-Tns buffer (pH 5 5) and pre-eqm- 
hbrated w~th 25 #M valmomycm, were incubated either in 180 #1 of 
100 mM Hepes-Tns buffer ~I-I 7 5) (i) added with 10 #M monensln 
(e) or 10 ~M mgencm ((2), or in 180 ~1 of 100 mM Mes-Tns buffer 
(pH 5 5) (I) All solutions contained 80 mM potassium gluconate, 0 2 
mM PMSF and 0 11% (v/v) ethanol Ordinate Na uptake, mean 
values+S E (=  vertical bars, absent if less than symbol height) 

Abscissa mcubataon tame 

To confirm that the p H  stamulation of N a  uptake is 
due to a N a / H  exchanger, the effects of a m d o n d e  and  

D I D S  on pro ton  gradient -dependent  N a  uptake  were 
tested (Fig 2) 2 m M  amllorlde blocks the enhanced  N a  

uptake,  m agreement  with prevaous data  showing com- 
plete m h i b m o n  [21] 0 1 m M  D I D S  had no  effect on  

a pH-dependen t  N a  uptake  this result argues against  
the presence of N a - O H  (HCO3) cot ranspor t  in  the 
basolateral  m e m b r a n e  of rat enterocyte, as already sug- 

gested by Hagenbuch  et al [28] 
Fig 3 shows the effect of varying the N a  concentra-  

t ion on the lmtlal  rate of N a  uptake in  vol tage-clamped 
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Fig 2 1 mM Na uptake in basolateral membrane vesicles 60 ~1 
vesicles obtained m 100 mM Mes-KOH buffer (pH 5 5) were in- 
cubated m 180 ~1 of 100 raM Hepes-KOH buffer (pH 7 5) (1), added 
with 0 1 mM DIDS (zx), or 2 mM amalonde ([2) All solutions 
contained 150 mM sorbitol, 0 2 mM PMSF and 0 01% (v/v) ethanol 
Since DIDS formed a precipitate when added to the solution contmn- 
mg anulonde, studies using amdonde and DIDS were performed 
separately Ordinate Na uptake, mean values-t- S E ( = vertacal bars, 

absent if less than symbol height) Abscissa meubataon tame 
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Fig 3 Effect of increasing concentrataons of external Na on the lmtaal 
rate of Na uptake (1 nun incubation) 10 #1 vesicles obtained m 113 
mM sorbltol, 100 mM Mes-Tns buffer (pH 5 5) and pre.equthbrated 
w~th 25 ~tM vahnomyon, were incubated m 30 #1 of 100 mM 
Hepes-Tns buffer (pH 7 5) (-) or m 30 #1 of 100 mM Mes-Tns buffer 
(pH 5 5) (It) Incubaung solution contained increasing concentrations 
of NaC1 lsoosmoucally subsututed with sorbltol All solutions con- 
tamed 30 mM potassium gluconate, 0 2 mM PMSF and 0 11% (v/v) 
ethanol The difference between the two curves (o) represents the 
carner-medlated saturable Na uptake Ordinate Na uptake, mean 
values+ S E (=  vertical bars, absent if less than symbol height) 

Abscissa Na concentration, mM 

vesicles (1 n u n  lncubaUon) ,  m the presence or in  the 
absence of an  ou tward  p ro ton  gradient  The difference 

be tween the two curves e~dences  a saturable process 
Kinet ic  analysis  us ing an  Eadie-Hofstee plot (Fig 4) 

indicates that  the data  are well fit by  the Mlchaehs- 
M e n t e n  equa t ion  ( r  = 0 97) and,  thus, are consistent  
with the existence of a single pH gradient -dependent  

N a  t ranspor t  system The K m for N a  is 13 60 + 1 39 

m M  and  the Vm~ x Is 35 42 + 2 23 n m o l / m g  protein  per 
n u n  

The ablh ty  of various monova len t  cat ions to compete 
with N a  for the uptake  process was investigated The 

data  of Table  I show that  Lt can subst i tute  for N a  m 
the exchange process, whereas the other cations tested 

have less aff imty NH4,  which can also be a substrate 

VG Vmex ~35 42 :!!:2.23 .moleelmg rain 

d5 t 1'5 I 45 
V/S 

Fig 4 Eadle-Hofstee plot of data (o) shown in Fig 3 



TABLE I 

Percent catzon mhtbttton of I mM Na uptake 

10/~1 vestcles obtained m 135 mM sorbltol, 100 mM Mes-Tns buffer 
(pH 5 5) were incubated for 1 nun m 30 btl of 100 mM Hepes-Tns 
buffer (pH 7 5) added with 56-58 mM mlubltory cations (according 
to their osmouc coefflcmnt, chloride salts) All soluuons contained 30 
mM KSCN, 0 2 mM PMSF and 0 01% (v/v)  ethanol 

Cation ~, Inlubmon 

Na 8055:35 
L1 5805:50  
K 2205:20  
Rb 19 55:4 2 
Cs 21 25:4 1 
TMA 405:0 1 

for the exchanger in other membranes [2], was not 
tested, as under our experimental conditions the inhibi- 
tion of Na uptake could be attributed to the ability of 
an Inward NH 4 gradient to dissipate an reside-acid 
ApH (NH 3 diffusion) without mvoklng direct interac- 
tion of NH4 with the exchanger 

Our study further demonstrates the presence of a 
N a / H  exchange mechanism m the basolateral mem- 
brane of rat enterocyte and provides more insight on 
the principal features of this anttport, as summarized 
below 
0) An outwardly directed proton gradient increases Na 
uptake 
(n) N a / H  exchange does not result from electrodiffu- 
sional coupling, but from a directly coupled flux 
(m) The effect of mgencln and monensm is consistent 
with an artificially increased number of functlomng 
exchangers in the membranes 
(iv) The N a / H  anttporter is blocked by the diuretic 
drug amllonde and is insensitive to the stllbene denva- 
tlve DIDS 
(v) pH gradient-dependent Na uptake exhibtts saturable 
kanettcs, w~th an afftmty value stmllar to those generally 
reported brush-border membranes from kidney and 
mtestme show K m values ranging from 4 5 to 30 mM 
[23,29-37], basolateral membranes from intestine, kid- 
ney, parotid and liver show g m values ranging from 5 4 
to 18 mM [9-11,13,17] 
(vi) Cation specificity agrees well w~th values reported 
for other membranes, since only LI appears to have 
affimty for the transporter [1,2,26] 

In conclusion, these results provide evidence that, tn 
rat jejunum, the general characteristics of the baso- 
lateral membrane and brush-border N a / H  exchangers 
are not different Thus, m jejunal enterocyte, the N a / H  
exchanger differs from other transport systems in that it 
seems to be symmetrically distributed throughout the 
entire plasma membrane, m spite of the functional 
differentiation between brush-border and basolateral 
membrane This homogeneous localization could permit 
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a more efficient control of mtracelhilar pH Actually, at 
the cell basolateral pole, H extrusion would not be 
hindered by the acid rmcrochmate that is present at the 
mucosal side 

Besides its lmphcatlon m the control of many mtra- 
cellular processes, such as pH homeostasis, the baso- 
lateral Na/H antlporter could be revolved m the bi- 
carbonate transport mechamsm Since Na-(HCO3) . 
cotransport seems to be absent m intestinal basolateral 
membrane [28], N a / H  antlporter with couphng to a 
possible CI/HCO 3 exchange system, could account for 
bicarbonate exit at the basolateral pole of jejunal enter- 
ocyte 
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