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Abstract. The renal basolateral Na+/HCO~ - cotrans- 
porter is the main system responsible for HCO~ trans- 
port from proximal tubule cells into the blood. The pre- 
sent study was aimed at purifying and functionally re- 
constituting the Na+/HCO3 cotransporter protein from 
rabbit renal cortex. Highly purified rabbit renal corti- 
cal basolateral membrane vesicles (hereafter designat- 
ed as original basolateral membrane), enriched 12-fold 
in Na-K-ATPase, were solubilized in 2% octylgluco- 
side, and then reconstituted in L-o~-phosphatidylcholine 
(proteoliposomes). Na+/HCO3 cotransporter activity 
was assessed as the difference in e2Na uptake in the 
presence of HCO 3 and gluconate. The activity of the 
Na+/HCO3 cotransporter was enhanced 18-fold in the 
solubilized protein reconstituted into proteoliposomes 
compared to the original basolateral membranes. The 
reconstituted solubilized purified protein exhibited ki- 
netic properties similar to the cotransporter from orig- 
inal basolateral membranes. In addition, it was like the 
original cotransporter, inhibited by disulfonic stilbene 
SITS, and was electrogenic. The catalytic subunit of 
protein kinasb A significantly inhibited Na+/HCO~ co- 
transporter activity in proteoliposomes. The octylglu- 
coside-solubilized protein was further purified by 
hydroxylapatite column chromatography, and this re- 
suited in an additional:enhancement of Na--/HCO3 co- 
transporter activity of 80-fold over the original baso- 
lateral membranes. The fractions containing the high- 
est activity were further processed by glycerol gradient 
centrifugation, resulting in a 124- to 300-fold increase 
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in Na+/HCO3 cotransporter activity compared to the 
original basolateral membranes. SDS-PAGE analysis 
showed an enhancement of a protein doublet of 56 kD 
MW in the glycerol gradient fraction. Our results 
demonstrate that we have partially purified and recon- 
stituted the renal Na+/HCO3 cotransporter and suggest 
that the 56 kD doublet protein may represent the 
Na+/HCO3 cotransporter. 
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Introduction 

To completely understand the mechanisms responsible 
for acidification in the proximal tubule, it is important 
to purify the proteins involved in the acid-base transport. 
The Na+/HCO~ cotransporter has been recognized as 
the main system responsible for HCO 3 transport out of 
the proximal tubule cells into the blood and plays an im- 
portant role in HCO~ transport under physiologic and 
pathophysiologic conditions [1]. The ionic mechanism 
of the Na+/HCO~ cotransporter has been characterized, 
and it has been well established that the system func- 
tions via 1:1:1 cotransport of CO 3, HCO~- and Na + on 
different sites [18]. This system functions in an inte- 
grated fashion with the brush border Na+-H + antiporter 
and the activities of these two systems vary in parallel 
[2]. The activity of the renal Na+/HCO3 cotransporter 
is stimulated by acidosis and inhibited by alkalosis [15]. 
In addition, cyclic AMP and calmodulin inhibit while 
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p ro t e in  k inase  C s t imula te s  the N a + - H  + an t ipo r t e r  and 

the  Na+ /H C O~ - c o t r a n s p o r t e r  in a s y m m e t r i c  f a s h i o n  

[16]. D e s p i t e  the  i m p o r t a n c e  o f  the N a + / H C O 3  co-  

t r anspo r t e r  in p h y s i o l o g i c  and  p a t h o p h y s i o l o g i c  cond i -  

t ions ,  the  p ro t e in  has  no t  b e e n  pur i f ied .  W e  used  a 

s y s t e m a t i c  a p p r o a c h  to p u r i f y  a n d  r e c o n s t i t u t e  t he  

N a + / H C O 3  c o t r a n s p o r t e r  f r o m  rena l  cor t i ca l  baso la t e r -  

al m e m b r a n e s .  Our  resu l t s  s h o w e d  a 124- to 300- fo ld  

pu r i f i c a t i on  o f  p ro t e in  f r ac t ions  e x h i b i t i n g  N a + / H C O 3  

c o t r a n s p o r t e r  ac t iv i ty .  

Material  and Methods  

MATERIALS 

cation steps were subjected to 10-12% SDS-PAGE. Likewise, each 
purified protein fraction was reconstituted into liposomes and 
Na+/HCO3 cotransporter activity measured. 

RECONSTITUTION OF SOLUBILIZED AND PURIFIED 

PROTEIN FRACTION INTO LIPOSOMES 

The protein (2.5 mg/ml) was reconstituted into liposomes by mixing 
1.6 part of protein (v/v) with one part of L-a-phosphatidylcholine (35 
mg/ml) which was sonicated for 10 min. The combination of proteins 
and lipids was dialyzed for 18 hr in buffer A using a membrane re- 
stricting the passage of 6-8 kD molecules. In all uptake assays, the 
amount of reconstituted solubilized protein was kept constant at 5 gg 
in each tube. 22Na uptake was performed in the presence of NaHCO 3 
or Na gluconate in the original basolateral membrane vesicles 
(BLMV), in liposomes and in the proteoliposomes, as will be de- 
scribed below. 

22Na was purchased from Amersham. L-a-phosphatidylcholine, octyl- 
glucoside, molecular weight standards, Coomasie R-250, SDS, 
acrylamide, bisacrylamide and catalytic subunit of protein kinase A 
were bought from Sigma. Hydroxylapatite (Biogel HTT"), was pur- 
chased from Biorad. General laboratory chemicals were of analyti- 
cal grade and were obtained from Sigma or Fisher. 

BASOLATERAL MEMBRANE PREPARATION 

Renal cortical basolateral membrane vesicles were prepared from 
New Zealand White rabbits by means of differential and gradient cen- 
trifugation with ionic precipitation as described previously [20]. This 
procedure results in highly purified basolateral membranes enriched 
on the average of 12- to 14-fold in Na-K-ATPase activity compared 
with homogenates, and with less than 5% cross contamination with 
brush border membranes. 

SOLUBILIZATION OF RENAL CORTICAL BASOLATERAL 

MEMBRANE AND PURIFICATION BY HYDROXYLAPATITE 

CHROMATOGRAPHY AND GLYCEROL 

GRADIENT CENTRIFUGATION 

One part purified basolateral membrane vesicles (5 mg/ml) was in- 
cubated with 1.25 parts 2% n-octyl [~-D-glucopyranoside (octylglu- 
coside) in 50 mM HEPES and 250 mM mannitol (buffer A), pH 7.2, 
on ice for 15 min. The concentration of the detergent octylglucoside 
was 1.1% and the protein concentration was 2.2 mg/ml. The protein- 
detergent mixture was spun for 30 min at 110,000 • g. The super- 
natant which was recovered was dialyzed extensively for 18 hr in 
buffer A using a membrane with molecular weight cut off of 6-8 kD. 
Twenty milligrams of solubilized protein was loaded onto a hydrox- 
ylapatite column (20 cm X 5 cm) previously prepared and washed se- 
quentially with 50 ml each of 0.5 M Tris CI pH 7.2, 50 ml distilled 
water and 50 ml of buffer HA containing 10 mM Tris C1, pH 7.2, 0.2% 
OG, 0.5 mM EDTA, 10% glycerol and 10 mM DTT. The protein was 
eluted with a continuous gradient of Na 2 HPO 4 (0-0.4 M, 100 ml to- 
tal), pH 7.20 prepared in buffer HA. The fractions which contained 
Na+/HCO3 cotransporter activity were treated with (NH4) 2 SO 4 to a 
final concentration of 45% and then centrifuged at 100,000 • g for 
35 min. The pellet resuspended in buffer HA was loaded on a 15-35% 
(w/w) continuous glycerol gradient and then centrifuged at 170,000 
• g in a Beckman SW 41 rotor for 22 hr at 4~ In each purification 
step, the protein fractions were collected concentrated, the protein 
measured, and stored at -70~ The protein fractions from purifi- 

MEASUREMENT OF Na+/HCO~ 
COTRANSPORTER ACTIVITY 

HCO3-dependent 22Na uptake (a measurement of Na+/HCOf co- 
transporter activity) was measured at 3 sec by the rapid-filtration 
technique as previously described [ 15]. In brief, basolateral membrane 
vesicles or proteoliposomes were preincubated for 1-2 hr at room tem- 
perature in a solution containing 200 mM sucrose, 50 mM HEPES, pH 
7.50 with Tris and 1 ms  Mg gluconate. The suspension was spun at 
30,000 revolutions/min with a Beckman Ti 50.2 rotor for 30 min at 
4~ and the resulting pellet was resuspended in the same solution. 
The assay was started by addition of reconstituted proteins to uptake 
medium containing (in mM) 40 Na gluconate, 60 K gluconate, 1 Mg 
gluconate, and 50 HEPES, pH 7.50 with KOH, as well as 1 gCi 
22NaC1 in the presence of 25 mM HCO 3 or gluconate. After 3 sec in- 
cubation at room temperature, the reaction was stopped by adding 4 
ml ice-cold stop solution containing 200 mM sucrose and 50 mM 
HEPES, pH 7.50 with Tris, and subsequently poured on a 0.45-gm 
pore size prewetted Millipore filter. Filters were washed three times 
more, and radioactivity was measured by scintillation spectroscopy. 
Na+/HCO~ cotransporter activity (HCO3-dependent 22Na uptake) 
was taken as the difference in 22Na uptake in the presence or absence 
of an inwardly directed HCO~ gradient (HCO 3 was replaced by glu- 
conate). 

REGULATION OF THE RECONSTITUTED Na+/HCO3 
COTRANSPORTER BY c A M P - P K A  

Solubilized proteins (2.5 mg/ml) were incubated in phosphorylating 
solution containing 100 gM of Mg, 50 ~M of ATP and catalytic sub- 
unit (CSU) of cAMP-dependent protein kinase A (40 mU/ml). The 
reaction was carried out at 30~ for 15 min, and terminated by the ad- 
dition of cold asolectin. The phosphorylated solubilized proteins 
were reconstituted into proteoliposomes, and HCO3-dependent 22Na 
uptake was measured as described above. 

SDS-POLYACRYLAMIDE GEL 

ELECTROPHORESIS ANALYSIS 

SDS-PAGE was carried out on discontinuous systems as described by 
Laemmli [11]. Low molecular weight standards were used (from 14 
to 92 kD). Electrophoresis was done on slab gels of 10-12% acryl- 
amide. Coomassie Brilliant Blue or silver stains were used as indi- 
cated. 
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DATA ANALYSIS 

Results are presented as mean - SEM. The t-test for paired or un- 
paired data was used to analyze the data wherever appropriate. 

Results 

SOLUBILIZATION OF BASOLATERAL N a + / H C O ;  
COTRANSPORTER WITH OCTYLGLUCOSIDE 

The experimental design to achieve purification of  the 
rabbit renal basolateral Na+/HCO3 cotransporter in- 
cluded trials with different detergents to determine the 
best detergent which solubilizes this protein and yet 
maintains the activity of  the Na+/HCO~ cotransporter 
[9]. In particular, it was important to find the optimal 
detergent to protein ratio which is a critical step in 
achieving successful solubilization. 

Initial studies included attempts at solubilizing re- 
nal cortical basolateral membranes with different de- 
tergents (Triton X, SDS and octylglucoside). Of these 
detergents, only octylglucoside, resulted in solubiliza- 
tion of  the basolateral membranes while maintaining 
Na+/HCO~ cotransporter activity. In initial experi- 
ments we found that 22Na uptake (measured at 3 sec 
with 40 mM Na) was always higher in the presence of  
HCO 3 than in the presence of  gluconate (11.9 _+ 1.6 vs. 

6.1 _+ 1.5 nmol/mg protein/3 sec, P < 0.001). The dif- 
ference was taken as HCO3-dependent 22Na uptake, a 
measure of  Na/HCO 3 activity. 

Figure 1 shows the time course of  HCO3-dependent 
22Na uptake in proteoliposomes. It is clear that 22Na up- 
take increased with time and reached a plateau at 15 sec 
and thus all experiments were performed at 3 sec, the 
linear phase of  uptake. Figure 2 shows a summary of  
N a + / H C O 3  c o t r a n s p o r t e r  ac t iv i ty  ( exp res sed  as 
HCO~-dependent  22Na uptake at 3 sec) in basolateral 
membranes  and in octylglucoside-solubi l ized mem- 
branes reconstituted in L-a-phosphatidylcholine (prote- 
oliposomes). Na+/HCO~ cotransporter activity was in- 
creased, on the average 18-fold (range 3-40),  in prote- 
o l i p o s o m e s  c o m p a r e d  to the o r ig ina l  baso la te ra l  
membranes (17.8 + 5.4 vs. 1.0 _+ 0.2 nmol/mg protein/3 
sec, P < 0.01). It is clear from the Table that on the av- 
erage 89% of the total activity of  the Na+/HCO3 co- 
transporter was recovered in the solubilization step. 
When the extravesicular osmolality was raised by 200 
mOsm,  HCO3-dependent  22Na uptake decreased by 
40%, suggesting that the uptake was occurring into 
vesicular space. To exclude the possibility of  22Na 
binding to the protein, 22Na uptake was done in pro- 
teoliposomes after incubation with 8% octylglucoside to 
completely dissolve the lipids. Under these conditions, 
22Na uptake decreased to background levels, suggesting 
no detectable binding to the protein. 

LU 

D "S 

g 

Q 
z 

t 

I I I 

0 " t0 20 30 

TIME (sec) 

I I I 

40 50 60 

Fig. 1. Time course of HCO3-dependent 22Na uptake by octylgluco- 
side-solubilized protein reconstituted into proteoliposomes. HCO 3- 
dependent 22Na uptake was measured in the proteoliposomes at dif- 
ferent time points. HCO~-dependent 22Na uptake assay was done by 
rapid filtration technique as described in Materials and Methods. 
The figure depicts the average of five different experiments measured 
in triplicates in different proteoliposome preparations. 
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Fig. 2. HCO3-dependent 22Na uptake in proteoliposomes. HCO3-de- 
pendent 22Na uptake in original basolateral membranes (BLMV), 
octylglucoside-solubilized protein reconstituted into proteoliposomes 
(PL), liposomes without protein (LIP) and denatured solubilized pro- 
tein (DP) reconstituted into liposomes. Basolateral membranes were 
solubilized with 2% oetylglucoside as described in Materials and 
Methods. The solubilized proteins were either directly reconstituted 
into or boiled for 15 rain and then later reconstituted into proteoli- 
posomes. L-c~-phosphatidylcholine alone (LIP) or blank liposome 
contained no protein. The results shown represent the average of at 
least four different experiments done in triplicates in various pro- 
teoliposome preparations. 

Octylglucoside solubilization resulted in signifi- 
cant loss of  peripheral membrane proteins (Table). In 
liposomes containing no protein or in liposomes recon- 
stituted with denatured protein, no Na+/HCO~ - cotrans- 
porter activity was detected (Fig. 2). When the amount 
of  protein in the liposome was varied to increase the pro- 
tein/lipid ratio, a linear relationship between the activ- 
ity of  the Na+/HCO~ cotransporter and lipid protein ra- 
tio was observed with a correlation coefficient of  0.98 
(Fig. 3). 
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Table. Purification of Na+-HCO~ cotransporter from renal basolateral membrane 

Purification Protein Recovery Na+-HCO~ - activity Enrichment Recovery of 
Step (mg) (%) (nmol/mgPr/3 sec) of activity total activity (%) 

BLMV 400 100 1.0 • 0.18 1 100 
OG 20 5 17.8 --_ 5.4 18 89 
HAC 4 1 80 -+ 4.4 80 80 
GG Fraction 1 1 0.2 300 300 75 

Fraction 5 0.5 0.1 124 124 15 

Highly purified renal cortical basolateral membrane vesicles were solubilized in 2% octylglucoside and sub- 
sequently processed through hydroxylapatite column chromatography and glycerol gradient centrifugation. 
Basolateral membrane vesicle proteins (BLMV), octylglucoside-solubilized proteins (OG), fractions from 
the hydroxylapatite column chromatography (HAC) and glycerol gradient centrifugation (GG) were re- 
constituted into proteoliposomes and assayed for HCO 3 -dependent 22Na uptake by rapid filtration tech- 
nique at 3 sec. 

We performed additional experiments to show that 
the reconstituted protein has kinetic characteristics and 
inhibitor sensitivity similar to the original basolateral 
Na+/HCO~ - cotransporter. Figure 4 shows that the 
Na+/HCO3 cotransporter activity increases as a func- 
tion of Na + concentration. It is clear that Na + uptake 
increases with increasing Na + concentration reaching a 
maximum at 15 m s  with an apparent K m of 10.2 mM, a 
value similar to the original basolateral membrane co- 
transporter [3]. The original Na+/HCO7 cotransporter 
is inhibited by disulfonic stilbene to a variable degree 
[16] and Fig. 5 (right panel) shows that SITS (10-aM) 
inhibited Na+/HCO3 cotransporter activity in proteoli- 
posomes by 75% (from 8.5 __- .91 to 2.1 _ .20 nmol/mg 
protein/3 sec, P < 0.05). 

In renal cortical basolateral membranes, the co- 
transporter is electrogenic and functions via 1:1:1 co- 
transporter of CO 3, HCO 7 and Na + and thus carries a 
negative charge. We investigated whether the recon- 
stituted cotransporter was electrogeni c by performing 
experiments in the presence of a positive intravesicular 
potential generated by an inwardly directed K + gradi- 
ent (outside K 85 mM, inside K 1 mM) and 7 ~M vali- 
nomycin. Figure 5 (left panel) shows the Na+/HCO7 
cotransporter reconstituted in !iposomes is electrogenic, 
as evidenced by an increase in the Na+/HCO~ cotrans- 

porter acti.vity from 8.5 __+ 0.9 to 34.3 ___ 6.7 nmol/mg 
'protein/3 sec, P < 0.01)! Taken together, the above re- 
sults show:that the octylglucoside resulted in solubi- 
lization a~d partia! purification of the Na+/HCO~ co- 
transporfer (Table). In addition, the reconstituted 
Na?/HCO 3 cotransporter is electrogenic and has kinet- 
ic properties and inhibitor sensitivity very similar to that 
of the original basolateral membranes. 

The Na+/HCO3 cotransporter of basolateral mem- 
branes is inhibited by the cAMP/PKA system. To 
demonstrate that the reconstituted Na+/HCO~ cotrans- 
porter is also regulated by PKA, we measured HCO 3- 
dependent 22Na uptake in the absence and in the pres- 
ence of catalytic subunit of PKA. The proteoliposomes 
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Fig. 3. HCO3-dependent 22Na uptake in proteoliposomes as a func- 
tion of the amount of the reconstituted protein. Dependence of 
HCOT-dependent 22Na uptake on the protein concentration reconsti- 
tuted in proteoliposomes. Purified basolateral membrane vesicles 
were solubilized by 2% octylglucoside. Varying amounts of octyl- 
glucoside-solubilized proteins were reconstituted with fixed amounts 
of L-~-phosphatidylcholine into proteoliposomes. HCO3-dependent 
22Na uptake assay at 3 sec was done in each sample by rapid filtra- 
tion technique. The values shown represent the average of!three sep- 
arate experiments measured in triplicates in different proteoliposome 
preparations. 

were loaded with 50 mM ATP and 40 mU/ml of catalytic 
subunit of protein kinase A by the method of Weinman 
et al. (23) as previously described [16]. In five sepa- 
rate experiments, the CSU of PKA decreased the 
Na+/HCO3 cotransporter activity from 54.9 _+ 4:5 to 
19.7 ___ 6.0 nmol/mg protein 3 sec (P < 0.01). Thus, 
the reconstituted cotransporter protein, like the original 
basolateral membranes, is inhibited by CSU of PKA. 

PURIFICATION OF Na+/HCO3 COTRANSPORTER BY 
HYDROXYLAPATITE CHROMATOGRAPHY AND GLYCEROL 

GRADIENT CENTRIFUGATION 

The basolateral membrane fraction solubilized by oc~yl- 
glucoside and enriched in the Na+/HCO3 cotransporter 
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Fig. 4. HCO3-dependent 22Na uptake in proteoliposomes as a func- 
tion of Na concentration. HCO~-dependent 22Na uptake measured at 
3 sec by rapid filtration techniques as described in Materials and 
Methods. Na + concentration was varied by replacing K gluconate with 
equimolar amounts of  Na gluconate, thus maintaining the osmolali- 
ty constant. The results shown represent the average of six separate 
experiments done in triplicates on different proteoliposome prepara- 
tions. 
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Fig.  5. HCO3-dependent 22Na uptake in proteoliposomes in the pres- 
ence of valinomycin and SITS. The effect of valinomycin (left pan- 
el) and SITS (right panel) on HCO~-dependent 22Na uptake in solu- 
bilized protein reconstituted in liposomes. Reconstituted proteolipo- 
somes were preincubated in the loading medium containing (in mM) 
200 sucrose, 1 Mg gluconate, 50 HEPES pH 7.50 with Tris and 7 gM 
valinomycin for 2 hr at 25~ Preloaded proteoliposomes were added 
in uptake medium consisting of (in mM) 50 HEPES, pH 7.5 with 
KOH, 1 Mg gluconate, 40 Na gluconate, 60 potassium gluconate, and 
25 mM of either potassium bicarbonate or potassium gluconate and 
7 ~M valinomycin. In experiments involving SITS, proteoliposomes 
were preloaded as described above in Materials and Methods. SITS 
(0.5 ms)  was added to the uptake medium alone when indicated. Each 
bar represents five different experiments measured in triplicates on 
various proteoliposome preparations. 

was further purified by hydroxylapatite chromatogra- 
phy. Twelve fractions were collected (Fig. 6) and 
Na+/HCO~ cotransporter activity was present in the first 
five fractions with the highest activity in fraction 1 
(Ft). The Table shows that F 1 exhibits an 80-fold en- 
hancement of activity over the basolateral membrane 
and a 4-fold enhancement over the octylglucoside pu- 
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Fig. 6. HCO~-dependent =2Na uptake in proteoliposomes prepared 
from the hydroxylapatite column chromatography purification. Puri- 
fied basolateral membrane vesicles were solubilized by 2% octyl- 
glucoside in the presence of HEPES/mannitol buffer pH (7.2). Solu- 
bilized proteins were loaded onto hydroxylapatite column (1 ml hy- 
droxylapatite/5 mg protein) and eluted by continuous gradient of 
Na z HPO 4 (0-0.4 M). Each eluted fraction was reconstituted into 
proteoliposomes as described in Materials and Methods and HCO~-- 
dependent 22Na uptake was measured in triplicates by rapid filtration 
technique. The elution profile shown is representative of four differ- 
ent hydroxylapatite chromatography experiments. 

rification step. Hydroxylapatite chromatography re- 
sulted in only 1% recovery of protein (Fig. 6 and the 
Table). HCO3-dependent 22Na uptake in the F 1 fraction 
was inhibited 80% by SITS. The F 1 fraction of the hy- 
droxylapatite chromatography was further purified by a 
glycerol gradient centrifugation step. Figure 7 shows 
that the highest Na+/HCO~ cotransporter was present 
in F 1 and F 5 which showed an enhancement of 300- and 
125-fold, respectively, over the original basolateral 
membranes. The other fractions showed less enrichment 
in Na+/HCOj cotransporter activity. There was sub- 
stantial loss of protein with this purification step, with 
recovery of about 0.3% of the original protein in frac- 
tions F 1 and F 5. Figure 8 shows the SDS-PAGE analy- 
sis of the basolateral membranes and of fractions of each 
purification step. It can be seen that the glycerol gra- 
dient fraction shows an enhancement of a protein dou- 
blet of 56 kD molecular weight. 

Discussion 

This study was aimed at isolating the basolateral renal 
Na+/HCO~ cotransporter, the main protein responsible 
for HCO 3 transport from proximal tubule cells into the 
blood. Despite its importance in HCO 3 transport, this 
protein has not been purified and functionally reconsti- 
tuted. The kinetic characteristics and ionic require- 
ments for this protein have been well described [1, 3, 8]. 
We undertook a systematic approach to solubilize and 
purify this protein from rabbit renal cortex. After tri- 
als with different detergents, we found that octylgluco- 
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Fig. 7. HCO 3-dependent 22Na uptake in proteoliposomes prepared 
from the glycerol gradient centrifugation. Glycerol gradient cen- 
trifugation purification fractions containing Na+-HCO3 cotransporter 
activity purified from hydroxylapatite chromatography were precip- 
itated with (NH4) 2 SO 4 and resuspended in buffer HA, loaded on a 
15-35% (w/w) continuous glycerol gradient and centrifuged at 
170,000 x g for 22 hr. One ml fractions were collected and proteins 
measured. Each fraction was reconstituted into proteoliposomes and 
HCO 3-dependent 22Na uptake was assayed at 3 sec by rapid filtra- 
tion technique. The graph is representative of three different glycerol 
gradient centrifugation experiments. 

side resulted in solubilization of the basolateral mem- 
brane fraction with enhancement of Na+/HCO3 co- 
transporter activity. Octylglucoside solubilization re- 
suited in significant protein loss and an enrichment in 
Na+/HCO3 activity on the average of 18, ranging from 
3 to 40. Other investigators have also used octylglu- 
coside to solubilize the renal brush Na§ + antiporter 
[23] and the bile acid transport protein from hepatocyte 
sinusoidal plasma membrane [22]. These investigators 
have reported an average enhancement of 5- and 22-fold 
for the Na+/H + antiporter and the bile acid transporter, 
respectively. In our study, we successfully reconstitut- 
ed the Na+/HCO3 cotransporter in L-a-phosphatidyl- 
choline and then determined that the reconstituted pro- 
tein had characteristics similar to that of the original 
basolateral membranes. Evidence for successful re- 
constitution of this cotransporter was the finding that the 
activity of the cotransporter varied in a linear fashion 
with the amount of reconstituted protein and further- 
more denatured protein reconstituted into liposomes 
was not associated with any detectable activity of the co- 
transporter. 

It was important to demonstrate that the solubi- 
lized protein when reconstituted into proteoliposomes 
exhibited kinetic properties and inhibitor sensitivity 
similar to that of the original basolateral membrane. 
Like the original cotransporter in the basolateral mem- 
brane, the reconstituted protein was electrogenic and 
was inhibited by the disulfonic stilbene SITS. It is of 
interest to note that Na+/HCO3 cotransporter activity 
was inhibited by the disulfonic stilbene SITS to a greater 
extent than that originally observed in original basolat- 
eral membranes 75% v s .  30% [15]. Likewise, the cat- 
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Fig. 8. SDS-PAGE analysis of the basolateral membrane fractions 
and each fraction from each purification step. (Lane MW) molecular 
weight markers. (Lane A) Basolateral membrane vesicles (30 gg). 
(Lane B) Octylglucoside basolateral membrane solubilized proteins 
(10 I.tg). (Lane C) Hydroxylapatite chromatography fraction (5 gg). 
(Lane D) Glycerol gradient centrifugation fraction (5 gg). Glycerol 
gradient fraction shows enhancement of a protein doublet of 56 kD 
molecular weight. 

alytic subunit of protein kinase A significantly inhibit- 
ed + Na /HCO 3 cotransporter activity in proteoliposomes 
like the original basolateral membrane proteins [16]. 
These data strongly suggest that we have successfully 
solubilized, partially purified and reconstituted the re- 
nal basolateral Na+/HCO3 cotransporter. 

We have further purified the octylglucoside-solu- 
bilized protein by hydroxylapatite chromatography and 
glycerol gradient centrifugation. This approach has re- 
sulted in successful purification of the chloride trans- 
porter from the clathrin-coated vesicles [24]. Hydrox- 
ylapatite chromatography resulted in recovery of several 
fractions containing Na+/HCO~ - cotransporter activity 
(Fig. 6) with the highest activity present in fraction 1, 
which showed an average purification of 80-fold over 
the original basolateral membrane. This fraction was 
then further purified by glycerol gradient centrifugation, 
which resulted in greatest enrichment in fractions 1 and 
5 and lesser enhancement in other fractions. Na+/HCO~ 
cotransporter activity was enriched 300- and 124-fold 
in fractions 1 and 5, respectively. Although this step re- 
sulted in purification of greater magnitude to that ob- 
tained for the chloride transporter, this purification pro- 
cedure resulted in only 0.2% recovery of the protein in 
fraction 1. This low recovery is in agreement with that 
reported for the purification of chloride transporter in 
clathrin vesicles [24]. This low protein recovery obvi- 
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ously limited the number of studies that could be per- 
formed utilizing fraction 1 and therefore other studies 
were done using fraction 5. SDS-PAGE analysis of 
fraction 5 enriched 124-fold in Na+/HCO3 cotrans- 
porter activity showed enhancement of a protein doublet 
at 56 kD. 

Several detergents and different techniques have 
been used to solubilize and partially purify a variety of 
membrane protein from different tissues [4-7, 10-14, 
17, 19, 21-23]. These different techniques have yield- 
ed different degrees of purification with variable protein 
yield. The method utilized in the present study result- 
ed in one of the best enrichment of protein purification 
by physicochemical process reported in the literature. 
Another advantage of this method is that the protein was 
functionally active when reconstituted. However, the 
major disadvantage of the technique was the low yield 
of protein. 

Although this enrichment of the 56 kD protein in 
fraction 5 does not prove that this band is a component 
of the Na+/HCO3 cotransporter, the significant enrich- 
ment of the Na+/HCO~ cotransporter activity in this 
fraction and the enhancement of this band suggest that 
the 56 kD protein represents the Na+/HCO3 cotrans- 
porter or active component thereof. Of course, addi- 
tional studies using production of antibodies against 
this protein with subsequent immunopurification will be 
needed to ascertain that the 56 kD protein is the co- 
transporter. 

In summary, we have solubilized, partially purified 
and functionally reconstituted the renal basolateral 
Na+/HCO3 cotransporter, and this should provide the 
opportunity to further characterize this important pro- 
tein in acid base regulation. 
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